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Abstract: The present paper consists in a thermokinetic study on the dimerization reactions
of 1-methylphthalazinium ylids with -NO, (ylid 1) and, respectively, -O—CHj (ylid 2) sub-
stituents in the p position of the benzoyl radical bound to the ylidic carbanion. From experi-
mental data, the reaction order and rate constants have been calculated. The reaction order 7
= 2 confirmed the ylids’ dimerization reactions, while the values of the rate constants, &, =
3.093 x102 L/mol s and, respectively, 2.16 x 10! L/mol s for the dimerization of ylids 1 and
2 made evident the higher reactivity of ylid 2 versus ylid 1. The same conclusion is also sup-
ported by the results of the thermodynamic study based on the chemical affinity of the two
reactions, when 4% | < 4°im -
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INTRODUCTION

In previous studies, devoted to the synthesis and reactivity of cycloimmonium
ylids.! Petrovanu et al. showed that one of the most important factors influencing the
stability of cycloimmonium ylids is the nature of the substituents bound to the ylidic
carbanion.?-3 Delocalization of the ylidic carbanion’s negative charge is favored by the
presence of the groups with electron-withdrawing effect (such as the -NO; group in
the p position of the benzoyl radical — ylid 1), resulting in structure stabilization. In the
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case of electron-repelling groups (such as -O—CH3 group in the p position of the
benzoyl radical — ylid 2), structure destabilization occurs.

Also, the inactivation of these ylids has been evidenced to occur by a dimerization
process based on a 3+3 dipolar cycloaddition.4

Aiming at confirming the above results on ylids’ reactivity, a thermokinetic study
on their inactivation through dimerization has been developed. As far as we know, an-
other similar approach has not been mentioned in literature.

The kinetic study aimed at evaluating the reaction orders and the rate constants>~7
from experimental data by applying three different methods®9: differential, integral
and, respectively, the half-life time method, by computer processing the experimental
kinetic curves. The results obtained were found to be in good agreement.

The conclusions of the thermodynamic study, based on the values of the reaction
enthalpies for the two inactivation processes, obtained by means of the standard forma-
tion enthalpies of the participants, theoretically calculated on mechanoquantum bases
(the MNDO method!9), supported the conclusions of the kinetic study.

EXPERIMENTAL

The dimerization reactions of the two ylids were followed in methanol, at its boiling temperature
(64 °C), under reflux. Ylids’ concentration at various moments was determined by pH-metric titration>-¢
with a 102 M methanolic solution of HCIO,, on employing a M.P. 220 Mettler-Toledo type po-
tentiometric pH-meter, using a glass electrode, the pH values at the equivalence point being known from
a previous paper.

RESULTS AND DISCUSSION

Figures 1 (a and b) and 2 (a and b) plot the kinetic curves of ylids 1 and 2.

For a kinetic interpretation it has been taken into account that the very low solubil-
ity of the obtained dimers — experimentally stated by their solid-phase separation as
early as the initial stages of the reaction — significantly shifts the equilibrium towards
their formation:

1

The elementary equilibria, denoted 1 and 2, are characterized by the equilibrium
constants:

K Ky
2 Ylid — Dimer(solvated) T) Dimer(soliq)
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Fig. 1. Kinetic curves of ylid 1 in the dimerization reaction: (a) — co; = 6.25x107 mol/L;
(b) —cop = 4.85%107 mol/L.
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Fig. 2. Kinetic curves of ylid 2 in the dimerization reaction: (a) — co; = 4.8x10 mol/L;
(b) — cop =2.5x1073 mol/L.
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where Sy is the dimer’s intrinsic solubility, and ayjiq the activity of the solid dimer.
The equilibrium constant of the global process is given by:

_ (@] -K _K, 2
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As a conclusion, the existence of the heterophasic equilibrium 2 with a very high
equilibrium constant determines the global process to evolve far from equilibrium,
which permits modeling (from the kinetic point of view) of the global process of
dimerization as a simple, unilateral reaction.12

For the determination of the kinetic parameters by the differential method, the
fundamental kinetic equation was used in a logarithmic form:
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Inv=Ink+nlnc 3)

where v = d[Ylid}/d¢ and ¢ = [Y1id]

Obtaining of the v = f{c) dependence involved interpolation of the ¢ = f{¢) experimen-
tal data by using cspline function included in Mathcad 5.0 Plus and numeric derivation of
the obtained interpolation function. Figures 3 and 4 plot the In v=f(In ¢) dependencies for
the inactivation of ylids 1 and 2, respectively.
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Fig. 3. The In v=£(In ¢) dependence for the dimerization reaction of ylid 1: (a) — ¢, = 6.25x107 mol/L;
(b) — cop = 4.85%1072 mol/L.
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Fig. 4 The In v=f(In ¢) dependence for the dimerization reaction of ylid 2: (a) — co; = 4.8x10 mol/L;
(b) — cop = 2.5x107 mol/L.

Table I lists the reaction orders and rate constants obtained by this method

TABLE I. Reaction orders and rate constants obtained by the differential method for the dimerization reac-
tions of the two ylids

Ylid 1 Ylid 2
1= 6.25x10™ mol/L cn= 4.85x10™ mol/L = 4.80x10™ mol/L cn= 2.50x10™ mol/L
n 2.072 1.9598 1.8995 1.9003
k/(L/mol s) 0.03174 0.03414 0.1999 0.210
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while Table II gives the correlation coefficients obtained by substitution of the experimen-
tal data in the linearized integral kinetic equations corresponding to different reaction or-
ders.

TABLE II. Correlation coefficients for various reaction orders

R*(Ylid 1) R (Ylid 2)

n Kineticequation ¢ = 625x107  ¢jp=4.85x10° ¢ =4.80x107  ¢gy =2.50x107
mol/L mol/L mol/L mol/L
0 co—c=kt 0.8206 0.9022 0.0201 0.6346
05 ¢ =cP=vk 0.9102 0.9498 0.5473 0.8225
1 In (co— ) =kt 0.9647 0.9792 0.8337 0.9331
15 oy =vket 0.9911 0.9912 0.9648 0.9855
2 eyt =kt 0.9956 0.9965 0.9997 0.9958
25 PP =3nk 0.9839 0.9856 0.9804 0.9776

Analysis of the above data leads to the conclusion that the reaction is of second or-
der, for n =2 the value of R2 being maximum; the rate constants calculated with =2 are:

klyiiq; = 0.0301 L/mol s ; k2yi;q1 = 0.0298 L/mol s

klyiig = 0.2325 L/mol s; k2yiigp = 0.2362 L/mol s

By the half-life time method, the values of the rate constants obtained with the
equation: ky = 1/cqtp are:

klyiiq; = 0.0297 L/mol s ; k21 = 0.0292 L/mol s
klyiigp = 0.2323 L/mol s; k2yjiqgp = 0.2338 L/mol s

where #1» was determined by graphical interpolation, from the kinetic curves.

The agreement between the values of the rate constants obtained by the three
methods has confirmed the validity of the calculations, permitting the calculation of
the average values:

kviiar = 0.0308 L/mol s ; kvyiig = 0.2242 L/mol s

The thermodynamic study followed the theoretical calculation of the standard for-
mation enthalpies of the participants to the reactions, by means of the MNDO
method!® on which basis the standard reaction enthalpies for these two processes
could be calculated (Table I1I).

The negative values obtained for AH®g, show that the two processes are
exothermal, the thermal effect of ylid 2 dimerization being more pronounced.

Variation of Gibbs energy for the dimerization reactions of each of the two ylids
can be written:
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TABLE III. Standard formation and reaction enthalpies for the two chemical systems taken under study

AHO form.vlid/kJ mOl_l AHO form dimer/kJ morl AHO dimeri ation/ kJ mOI_l

Ylid 1 325.2 627.5 -22.9
Ylid 2 4194 454.6 —384.2
AGOim = AHOgim — TASgim 4

Taking into account the fact that the structures of the two ylids, as well as of the
corresponding dimers, are similar, one may consider that the entropic terms in relation
(4) are approximately equal at the same temperature, so that the variations of the Gibbs
energies for the two reactions will occur in the same relation as the corresponding vari-
ations of enthalpy:

AG%%im 1 — AGOim2 ~ AHOgim | — AHPgim 2= 361.3 kJ/mol 6))

The standard chemical affinities, 4°g;, = — AGgim, Whose values are in the fol-
lowing relation:

ACdim,1 < A°im,2 (©)
prove the higher stability of ylid 1 versus ylid 2 in the dimerization reactions, 2 which con-
firms the conclusions of the kinetic study.

CONCLUSIONS

The thermo-kinetic study of the inactivation reactions of 1-methylphthalazinium
ylids with —-NO, and —O—CHj3 substituents in the p position of the benzoyl radical
bound to the ylidic carbanion permits the following conclusions to be drawn:

1. The dimer’s low solubility, experimentally observed, permits a kinetic model-
ing of the inactivation process as a simple, unilateral reaction;

2. The reaction order, n = 2, confirms the inactivation reaction to occur through
dimerization;

3. The lower reactivity of ylid 1 versus ylid 2 in the dimerization reactions — as
suggested by the structural characteristics — is confirmed by the values of the rate con-
stants as well as by the relation between the standard chemical affinities of the two re-
actions.
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U3BOT

TEPMOKMNHETNYKA CTYIUJA PEAKIIVMJA NTHAKTUBALMIE
1-METUT PTAITASMHNUIYM UIIMIOA

MARIA CAPROSU*, LUCIA ODOCHIAN*, ST. DIMA**, M. DUMITRAS* and MAGDA PETROVANU*

*The “Al. I. Cuza” University, Faculty of Chemistry, Bd. Copou 11, lasi 6600, Romania and **The “Dunarea de jos” University, Galati,
Romania

OBaj paj mpefcTaBba TEPMOKMHETHUKY CTYIMjy peakuuja guMepusanuje 1-merundrana-
suamjymM mwiaga ca —NO, (wwp 1) m —O-CHj; (wmy 2) cyncTuTyeHTAMA Y p TOO3Ka]y OSH30MIT— Pajii-
KaJa Be3aHOT 3a IMIHA Kap6aHjoH. Ha 0cHOBY eKcliepiMEeHTaTHIX olaTaka ofpebenn cy pep pe-
akuyje 1 KoHcraute Op3uHa. Pep peakuuje n = 2 notBpbyje peakuyjy qumepusanuja unupa. Kos-
cTaHTe 6p3mHa uMepm3anje ky =3,093x1072 L/mol s 3a w1 1k, =2,16 x107! L/mol s 3a mmmy 2 eBn-
JIEHTHO yKa3yjy Ha Behy peakTuBHOCT wiua 2. OBaj 3aK/bydaK MOAPXKaBajy U pe3yaTaTH TEPMO-
JIMHAMUYIKE CTY/Mj€ XEMH]CKUX a(pMHUTETa O0€ peakuyje rie je TOOMjEHO 1A j& Aim 1 < Adim,2-

(TIpivibenro 11. okro6pa 2002, peupupatno 9. janyapa 2003)
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