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COMBINED EFFECTS of STRUCTURE and TEMPERATURE on KINETICS
of REACTIONS between 4-NITRIPHENYLOXIRANE and ARENESULFINIC
ACIDS in DIOXANE
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The effects of structure and temperature on the rate and free activation energy of reactions between 4-nitro-
phenyloxirane and Y-substituted arenesulfinic acids Y CsH4SO-H in dioxane at 298, 308, and 323 K have been studied.
Cross-correlation analysis of kinetic data was conducted. It was found that as a result of the nonadditivity of the joint
effects of substituents Y and temperature, the cross reaction series exhibits isoparametric properties, the guantitative
characteristics of which are isoparametrical points with respect to the constant of substituents Y (ov® = 1.02;
oy'"©) = -0.58) and to temperature (T = 367 K; T'P©) = 410 K). At the isoparametric temperature the rate of the process
and the free activation energy should not depend on the effects of substituents Y, due to the full compensation in the
change of the enthalpy and entropy components: dyAH? = TP@§yAS?, §yAG*P = 0, and AGv1*"® = const (log kyt = const,
py' = 0). At the isoparametrical point oy'® = 1.02, the rate of the process should not depend on temperature, consequently
AHy? = 0. At the isoparametrical point oy'"® = -0.58, free activation energy AGy+* does not depend on a temperature,
that is why ASy” = 0 and AGyt** = AHy”. All these isoparametrical points fall outside experimental attainability.

Keywords: 4-nitrophenyloxirane, arenesulfinic acids, correlation analysis, isoparametrical points, compensation ef-
fect.

Introduction of aryloxiranes with arenesulfonic acids, inten-
It is a topical problem of the chemistry to de-  sive interaction of the effects of the structure of
termine the rate laws of reactions under the ac- the acid reactant and the temperature is mani-
tion of cross-varied factors (the structures of re-  fested, which allowed the first experimental ob-
actants and catalysts, medium, temperature, pH,  servation of the isoparametricity phenomenon [8]
pressure etc.). For study of the joint effects of the in its enthalpy—entropy compensation effect
structure and temperature we chose oxirane ring  (CE) [9].
opening reactions which are of interest from both We report here the results of cross correla-
theoretical and practical viewpoints. The specific  tion analysis of the kinetic data on the reactions
organization of the atoms in the oxirane ring, of 4-nitrophenyloxirane with Y-substituted
combined with its strain and unsaturated nature, arenesulfinic acids YCeH4SO2H (Y = 4-CH3s, H,
are responsible for a wide variety of practically 4-Cl) in dioxane at 298, 308, 323 K:
important reactions of oxirane substrates with
compounds from different classes [1-5]. These 4-NO2CsHaCH(O)CHz + YCoHaSOH — )
reactions are widely used in organic synthesis,as ~ — 4-NO2CeHsCH(OSOCsH4Y)CH20H
well as in production of polymers, pharmaceuti- Results and Discussion

cals, and pesticides, and also underlie a number The products of reactions (1) were isolated
of biochemical processes, in particular, the phys-  at kinetic conditions as stable ductile yellow-or-
iological process of detoxification of metabolites  ange oils. The yields of the major products were
of exogenous substances. The oxirane ring is @ practically quantitative (90-95 %) by HPLC.
structural element of many biologically active  Their structures were studied by means of *H
substances of both synthetic and natural origin.  NMR spectroscopy and found to be in corre-
We showed previously [6, 7] that, in the reactions  spondence  with  2-arylsulfinyloxy-2-(4-nitro-
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phenyl)ethanol. Analogous 2,2-disubstituted eth-
anol derivatives (primary alcohols) are also
formed in related reactions of aryloxiranes with
arenesulfonic acids [6] and HNO3 [10].

To measure reaction rates, the interaction be-
tween reactants was stopped by the addition of an
HBr solution in glacial acetic acid to a kinetic
sample. After 30 min, the unreacted amount of
HBr was determined by potentiometric titration
using an AgNOs solution. The reaction Kinetics
was examined using more than tenfold amounts
of arenesulfinic acids (HA) with respect to the in-
itial concentrations of 4-nitrophenyloxirane (S):
[HA] >> [S] = (3 + 7) 10 mol dm. In all cases,
the observed pseudo-first-order reaction rate con-
stants (Kobs, S'*) remained constant up to 70-80 %
conversion of the epoxide (determination error
was no higher than 5 %). The reaction was found
to exhibit the first order with respect to epoxide.
At the same, linear relationships between kobs and
[HA]? were observed (r>0.996), which pass
through the origin of coordinates. Thus, the ki-
netics of the reactions of interest is described by
the equation

d[S]/dt = Kobs [S] = ks [S] [HA]?, (2
where Kobs (51) and ks (dm® mol? s) are pseudo-
first-order and third-order rate constants, respec-
tively.

The ks constants were found from the linear
relations Kobs = ks[HA]? at four or more HA con-
centrations. Table 1 summarizes the values of ks
for reactions (1) and the py' values calculated by
the Hammett equation for partial reaction series
(RS) at fixed temperatures. Note that py' de-
creases with increasing temperature; this fact is
indicative of the nonadditivity of combined ef-
fects of substituents Y and a temperature factor
in cross-reaction series (1). Between pv' and re-
verse temperature (1/T, K1) performed a linear
relationship due to the principle of polylinearity
(PPL) [8]:

oy =(-8.6£0.9) + (3.2 £0.3)-10%T,
$=0.032,r=0.996, n = 3.

In the graphical representation of egn. (3), the

slope of the straight line, which is named as the

cross interaction coefficient gy, is @ measure of

the nonadditivity of the simultaneous effects of

Y and temperature in the cross RS (1). It follows

©)
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from egn. (3) that the isoparametric tempera-
ture — the isoparametric point (IPP) — at which
the substituents Y exert no effects on the reaction
rate (ov' = 0) is T = 372 K. The data presented
in Table 1 indicate that such a temperature is not
attainable in the cross RS (1).

Table 1. Rate constants ks x 10? (dm® mol2 s*) and py"
values in the Hammett equation for the reactions of
4-nitrophenyloxirane with arenesulfinic acids
(YCsH4SO2H) in dioxane at different temperatures

k3-10% (dm® mol2 s?)
Y(ov) 298 K 308 K 323K
n-CHs (-0.17) | 0.351 +0.002 | 1.07 + 0.01 | 3.84 + 0.01
H (0) 0.92+0.04 |2.12+0.02|6.54 +0.04
n-C1(0.23) | 2.76+0.02 |5.48+0.01| 13.4+0.1
Py’ 22+01 |1.78+0.01|1.36+0.02
r 0.999 0.999 0.999

To evaluate the effect of temperature on the
rate of reactions (1), we used the Eyring equation

log (ks/T) = Ar=o" + Br7(1000/T),  (4)

where AT =" = log (ke/h) + ASy*/2.3R,
BrY =—AHy*/2.3R (kg is the Boltzmann constant,
h is the Plank constant and R is the gas constant).
As arule, the transmission coefficient is accepted
equal to 1 for the heterolytic reactions, so that it
was omitted in eqgn. (4).
Table 2 summarizes the parameters of eqn.
(3) for the reactions of 4-nitrophenyloxirane with
arenesulfinic acids, as well as the enthalpies
(AHY?), entropies (ASy”*) and free energies
(AGvy7) of activation calculated using these pa-
rameters. A change in the slope BrY in eqn. (4)
with Y is consistent with the above-mentioned
nonadditive effects of the structure and tempera-
ture on the rate of reactions (1) and are described
by eqgn. (5):
BrY =(-3.25+0.07) + (3.5 + 0.4)cyv,
$s=0.126,r=0.992, n = 3.
The slope coefficient of eqgn. (5) is close to the
value of the cross interaction coefficient pytin
eqn. (3). As it follows from eqn. (5) the value of
BrY=0at IPP oy"'=0.93. Almost the same value
of this IPP, where AHy” = 0, follows from eqn.
(6):
AHvy* = (62 £ 2) + (-67 + 10)oy,
$=2.87,r=0.989,n=3.

()
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The change ASy” upon varying substituents
Y is described by linear relation

ASy* = (-75 + 4) + (-178 + 24)cy,

$=6.83,r=0.991,n=3.

Table 2. Coefficients of eqn. (3) and activation
parameters AHy”, kJ/mol, ASy*, J/(mol K), and
AGy7?, ki/mol, for the reactions of 4-nitrophenyloxirane
with arenesulfinic acids (YCsH1SO2H) in dioxane at
different temperatures

(1)

- Y
Characteristics 4-CHs H 4Cl
A= 8.1+0.6 | 6.08+0.04 | 4.36 +0.07
-Br¥ 3.9+0.2 | 3.15+0.01 | 2.50 +0.02
r 0.999 0.999 0.999
S 0.035 0.002 0.004
AHy* 75 60 48
-ASy* 42 81 114
AGyT=208" 87 84.5 82
AGvyT=308" 87.5 85 83
AGyT=323" 88 86 84

Relations (3) and (5)—(7) illustrate examples
of observing the PPL in a cross RS (1). An im-
portant demonstration of the PPL is the linear de-
pendence of the change in AHv* and ASy* under
the effect of substituents Y, which reflects the en-
thalpy-entropy CE:

AHvy* = (90.6 £ 0.5)-10% + (375 + 6)ASv*,
s=2306,r=0.999, n=3.

The slope coefficient of eqn. (8) is a measure
of the value T = 375 K, which corresponds to
the one calculated using eqn. (3). To estimate the
joint effect substituents Y and temperature have
on the rate of reactions (1), we used a cross cor-
relation equation for a two-parameter variant of
PPL:

log ks = log ks* + py*'oy + Br™(1000/T) + ©)

+ qYTGy(].OOO/T),

where ks* is the rate constant under standard con-
ditions (oy =0, T = o K), pvy* and B™ are the
parameters of standard reactions at 7=« K and
oy = 0, respectively, and gvr is the cross interac-
tion coefficient. The following polylinear regres-
sion was obtained in processing the kinetic data
in Table 1 in accordance with eqgn. (9):

log ks = (9.3 +0.2) + (-9 + 1)oy + (-3.38 +
+0.07)-1000/T + (3.3 % 0.4)cy-1000/T,

$=0.022, R =0.999, F = 1368, n = 9.

(8)

(10)
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Here, R is the multiple correlation coefficient and
F is Fisher’s test. Regression (10) describes cross
RS (1) to a high degree of accuracy, as is evi-
denced by its statistical parameters and the corre-
spondence of the value of cross interaction coef-
ficient gvT to its values in egns. (3) and (5). Be-
cause of the difference between this coefficient
and zero, regression (10) is characterized by iso-
parametric properties, the quantitative character-
istics of which are IPPs with respect to the con-
stant of substituent oy =-Bs*Yqyt =1.02; to
temperature T = (—qvt/py™)-10® = 367 K, the
value of which differs negligibly from the ones
presented above; and the rate constants at these
points: log k3™ = log ks — pv*Br*/qyT = 0.10, k3'*
= 1.26, dm®-mol2.st. At the isoparametric (iso-
kinetic) temperature 7' = 367 K, the rate of the
process should not be affected by substituents Y
in acids (pv" = 0), while at the IPP oy = 1.02,
the rate of the process should not depend on tem-
perature: BrY = 0, and thus AHy = 0. Eqn. (5)
shows that Br¥ = 0 at oy corresponding to the iso-
parametric values, which are 0.93. This IPP can-
not be attained, due to the deficit of strong elec-
tron-withdrawing  substituents Y  with
Yoy = 1.02. The IPP with respect to temperature
7" =367 K also falls outside experimental attain-
ability.

In terms of activation parameters, the nonad-
ditive effects of structure and temperature in RS
(1) can be analyzed using the equation (11):

AGYT = AGy7™™ + ay®'oy + br™T + cyrovT,  (11)
where AGyt™ is the free activation energy under
standard conditions (cy =0and T = 0 K); ay* and
bt are the parameters of standard RSes at 7= 0
K and oy = 0, respectively; and cyr is the coeffi-
cient of cross interaction. In calculating the coef-
ficients of eqn. (11) using the values of AGy+” in
Table 2, we obtained the regression (12):

AGy7”= (68 +3) + (-41 + 17)oy + (0.058 +
0.009)T + (0.10 + 0.05)Toy,
$=0.281,R=0.988, F=142,n=9.
The following are the isoparametric criteria of re-
gression (12): IPP with respect to temperature
PO = _ayYcyr = 410 K, which is consistent
with the values of 7 calculated using eqns. (3),
(5), and (10); another IPP with respect to the con-
stant of substituent oy'P©® = — br¥/cyt =-0.58, in

(12)
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addition to the IPP oy = 1.02 calculated above;
and the isoparametric value of AGy7*'" = AGy™
— ay’br/cyr = 92 kd/mol. At the IPP 7P =
410 K, the free activation energy AGyt” should
not depend on the effects of substituents Y, due
to the full compensation in the change of the en-
thalpy and entropy components of AGyt* at this
temperature: SvAH? = TPO§yAS?, 5vG*P =0,
and AGyr™ =const=92kJ/mol. At the
IPP =-0.58, AGyt” does not depend on tempera-
ture if the activation entropy ASy* = 0 and free
activation  energy in  the  expression
AGyT = AHv* — TPASy7 is determined by its
enthalpic term: AGvt™" = AHy* = 92 kJ/mol.
This is confirmed by eqgn. (7), which shows that
ASy” = 0 when oy = -0.42 (close to the isopara-
metric value) and egn. (8), where AHy” is
90.6 kJ/mol (i. e., AGvr™" is equal to AHy” at
ASy” = 0).

Conclusions

Thus, in the framework of the CE, owing to
the dual nature of AGyt*, by widely varying sub-
stituents Y in arenesulfinic acids it is possible to
pass from the extreme state of reaction system (1)
in which at the ov'"© = -0.58 point the contribu-
tion from the entropic factor to the free energy
activation disappears (ASy” = 0) to the equally in-
teresting extreme state at the ov'” = 1.02 point, at
which there should be no contribution from the
enthalpic factor (AHy” = 0). The variations in the
free energy of activation AGyt~ itself (Table 2)
are comparatively small as a consequence of
the CE.
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CyMicHuii BIUIMB CTPYKTYPH i TeMniepaTypH Ha NIBHAKICTh peakniil 4-HiTpodeHiIOKCHpaHy 3 apeHCyJIb(i-

HOBUMU KHMCJIOTAMHU Y Ai0KCaHi
1. B. lllmaneko, 1. B. CagoBa

BuBueHO BIUIMB CTPYKTYpH i TEMIEpaTypH Ha IMIBUIKICTH Ta BIIbHY €HEPTil0 aKTHBALii peakiii 4-HiTpopeHiIoK-

cupany 3 Y-3amimieHuMu apeHcynbdiHoBumu kuciaotamu Y CsHaSO-H B miokcani npu 298, 308 i 323 K. IlpoBeneHo
MepeXpECHU KOPENAIiHHNN aHai3 pe3yabTaTiB 60raTropakTOPHOTO KIHETHYHOT'O eKCIIEPUMEHTY. BeTaHOBIIEHO, 10 3a-
BISIKM HEaIUTHBHOCTI CyMICHUX e(eKTiB 3aMiCHHKIB Y 1 TeMIepaTypy IepexpecHa peakiiifHa cepist MposBIIsie i30mapa-
METPUYHI BIACTHBOCTI, KITbKICHIMHU XapaKTEPUCTHKAMH SKUX € 130MapaMeTpUdHi TOUKH 1010 KOHCTAaHTH 3aMiCHUKIB Y
(ov™=1.02; 6v™M© =-0.58) ta Tremneparypu (7" = 367 K; TO = 410 K). [1pu izonapameTpuuniii Temneparypi nisuI-
KICTb ITPOIIECy 1 BiIbHA €HEprisl aKTHUBAIIi He 3aJie’kaTh BiJ e()eKTiB 3aMiCHUKIB Y Yepe3 MOBHY KOMIICHCAIII0 y 3MiHi 11
eHTaNbIIHOrO i enTpomiiiHoro kommonenTa: SyAH? = TGOS AS?, 5y AG* =0, AGy1*™ = const (Ig kyt = const, py" = 0).
B izonapamerpuuniii Touni oy = 1.02 mBuaKicTh NpOLECY HE MOBUHHA 3aJIEKATH BiJl TEMIIEPATYPH, [0 MOMKIIUBO, SKIIO
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AHy* = 0. B izonapametpuuniii Touni ov"®@ = -0.58 BinbHa eHepris akTHBAllii He 3AJIEKUTH BiJl TEMIIEPATYPH 3aBJIAKH
Tomy, o ASv* = 01 AGy7" ' = AHy?”. Vi 1ii i3omapamMeTpruHi TOUKH BUXOAATH 38 MEK] €EKCIIEPUMEHTAILHOI JTOCSKHOCTI.

KarouoBi ciioBa: 4-HiTpodeHinokcupaH, apeHCyab()iHOBI KHCIOTH, KOPEIALIHHNI aHaIi3, i3011apaMeTpUYHi TOUKH,
KOMIICHCAIlITHUH e(eKT.

VK 547.541:544.421.032.76

CoBMecTHOe BJIHsIHHE CTPYKTYPBI H TeMIepaTypbl Ha CKOPOCTH peakuuii 4-HNTpoeHnI0KCHpPaHa ¢ apeH-
CyIb(UHOBBIMH KHCJIOTAMH B THOKCAHE

. B. llImansko, U. B. CagoBas

W3ydeHo BIUMSIHUE CTPYKTYPHI H TEMIIEPATyphl HA CKOPOCTH ¥ CBOOOIHYIO SHEPTHIO aKTHBALUN PEAKINH 4-HUTPO-
(enmnokcupana ¢ Y-3aMemeHHpIMA apeHCyabGrHOBEIMU KucioTamu Y CsHsSO2H B nrokcane mpu 298, 308 n 323 K.
[IpoBeneH mepeKpecTHHIN KOPPEIAIUOHHBINA aHaIH3 Pe3yJIbTaTOB MHOTO(AaKTOPHOTO KHHETHYECKOTO SKCICPUMEHTA.
BrLsgBiIeHO, 9TO BCIIEACTBHE HEAIIUTHBHOCTH COBMECTHBIX 3(deKToB 3amectureneit Y M TeMIepaTyphl MepeKpecTHas
PEaKIMOHHAS CepHsl MPOSABIIET U30MAapaMeTPUIeCKre CBOHCTBA, KOMTMIECTBEHHBIMH XapaKTEPUCTHKAMH KOTOPBIX SIBIISI-
I0TCSA H30TIapaMETPUYECKHE TOUKH 110 KoHcTanTe 3amMecTuteneil Y (v = 1.02; oy1©@ = -0,58) u o Temneparype (71" =
367 K; TII®) = 410 K). IIpu n3onapaMeTpHdecKoi TeMmepaType cBOOOIHAS SHEPTHs aKTHBAIUHU (CKOPOCTh HPOIecca)
He 3aBHCHT OT 3 (HekToB 3amecTuTeseH Y M3-3a MOJHON KOMIICHCAIIUH B U3MCHCHUHU €€ UIHTAIBITUITHOTO M DHTPOITHHIA-
Horo Tepma: dyAH” = THIO §,AS? SyAG™MI = 0, AGyr "I = const (Ig kyt = const, py" = 0). B usonapamerpuueckoii
Touke oy = 1.02 ckopocTh mpomecca He JOJDKHA 3aBUCETh OT TEMIIEPATYPHI, YTO BO3MOXKHO, ecii AHy* = 0. B usomna-
pamerpudeckoii Touke ov@ = -0.58 cB0G0HAs PHEPrHs AKTUBALIMK HE 3aBUCHUT OT TeMiepaTypsl (ASy” = 0; AGyr™ 1l =
AHv?). Bce 9Ti H30mapaMeTpHIECKHIE TOYKU BEIXOIAT 3a IIPEAEIIBI SKCIIEPHMMEHTAIBHOM JOCTHXHMOCTH.

KiroueBblie cjioBa: 4-HUTPO(ESHIITOKCHPAH, apeHCYIb(QUHOBBIE KHCIOTHI, KOPPEIAINOHHBIA aHAJN3, N30TIapaMeT-
pHUYECKHE TOYKU, KOMIICHCATHOHHBIH 3P deKT.
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