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Abstract
The aim of this work is to study the reaction series “4-nitrophenol-2-(chloromethyl)oxirane (epichlorohydrin, ECH)-
N,N-dimethylaniline,” nucleophilic-electrophilic interactions in the system to compile a kinetic model of oxiranes
phenolysis. The catalytic phenolysis of epichlorohydrin was studied using kinetic methods, along with a similar
acidolysis reaction for comparison. The reaction Kinetics was studied in ECH excess, which acts simultaneously as
substrate and solvent, as well as in its binary mixture with tetrahydrofuran. The kinetic scheme of the reaction was
confirmed by studying the structure of the synthesized product using 1H NMR and gas chromatography-mass
spectroscopy. The regiospecificity of ECH phenololysis was concluded. The zero order of the reaction with respect to
the nucleophilic reagent and the first order of the reaction with respect to the amine were established. The effect of
solvent polarity on the reaction kinetics was examined. The Kinetic law of the reaction is the same as for the catalytic
acidolysis of epichlorohydrin. The kinetic features of the phenolysis and acidolysis of epichlorohydrin with varying
solvent polarity were analyzed. It was confirmed that the initial stage of the reaction - amine quaternization - has an
Sn2 character. Nucleophilic-electrophilic interactions in the system were analyzed. The mechanism of nucleophilic
opening of the oxirane cycle was described in detail. Regiospecific phenolysis and regioselective acidolysis are
described by a single kinetic model that corresponds to the mechanism of transfer of the anion of a nucleophilic
reagent by an ion pair.
Keywords: epoxide cycle opening; 2-(chloromethyl)oxirane (epichlorohydrin); phenolysis and acidolysis; N,N-dimethylaniline
(tertiary amine); solvent polarity; regiospecificity and regioselectivity; NMR analysis; catalysis; nucleophilic-electrophilic
interactions; reaction kinetic model and mechanism.

®EHOJII3 2-(X/IOPMETHUJ/JI)OKCUPAHY B IPUCYTHOCTI TPETUHHUX AMIHIB:
HYKJIEO®L/IbHO-EJECTPO®I/IbHI B3AEMOI1

Cranicnas B. /lomaHcbkuiil, OsieHa M. llIBeal2*, Kcenis C. FOTinoBa3, ['eopriit M. Po3aHueB!?
1/loHeybkull HayioHabHUll yHIGepcumem imeHi Bacuas Cmyca, BiHHuys, Yxkpaina
2[ncmumym isuko-opzaHiuHoi ximii i gyeneximii im. JI. M. /lumeunenka HAH Yxpainu, Kuis, Ykpaina
3Incmumym opzanivHoi ximii HAH Ykpainu, Kuise, Ykpaina
AHoTaniga
3 MeTOW poO3pOo6GKM KiHeTM4YHOI Mojesi (eHoJi3y OKcHpaHy JocCaiJ)KeHa peakxniiiHa cepis «4-HiTpodeHOa-2-
(xnopmeTni)okcupaHn (emixsoprigpus, EXI)-N,N-guMeTu1aHiliH» Ta HyK/1eo@i/lbHO-eleKTpodiibHI B3aeMoAii B
cucremi. Karanituunuii ¢eHoni3 emixjsopriApuHy BUBYEeHMHA KiHETHYHMMHM MeTOJAaMH Ta MNOPiBHAHMH 3
AHaAJIOTIYHMMHU JAOCHif)KeHHAMM anmgosisy. KiHetuka peaknii gociaigkena B EXI' Ta ioro 6GiHapHid cymimi 3
TeTparizpodypaHoM B yMOBax 3HAa4YHOTI0 HaJJIMIIKY OKCHPaHY, OCKiJIbKM BiH 0JHOYACHO BUCTYMNaE€ i cy6cTpaTom, i
po3yuHHMKOM. KiHeTH4Ha cxema peaknii mifTBepJ)keHa BCTAaHOBJIEHHSIM CTPYKTYPH CHHTE30BAaHOT0 NPOAYKTY
merogamu 1H SIMP cnekTpockomii Ta ra3oBoi XpoMaro-Mac chneKTpoMmeTpii. 3po6J/ieHUil BHUCHOBOK IOJAO
periocnenudiynocTti ¢peHoizy EXT. BcraHOBJ/IEeHUI HYJ/IbOBUH NOPAAOK peaknii 3a Hyk/1eoi/IbHUM peareHTOM Ta
nepmivii NOpsAAOK peakxnii 3a amiHoM. [locaifpkeHMH BIUIMB MNOJISIPHOCTI pO3YMHHMKA Ha KiHeTHUKY peakiii.
KiHeTHyHMi 3aKOH peakuii Takuil camMuii, SIK i AJI1 KaTaJiTUYHOTO auMAoJi3y emixjoprigpuny. IIpoananizoBaHni
KiHeTHM4Hi 0c061MBOCTi peHo1i3y Ta an/01i3y enix/10priApyuHy 3i 3MiHOI0 NOJIAPHOCTI po3YMHHMKA. [liATBEep AKeHoO,
L0 NMOYaTKOBa CTajid peakuii - KBaTepHi3amia amiHy - Mae Sn2-xapakTep. IIpoaHanizoBaHi HykJseo@islbHO-
eIeKTpoQiibHiI B3aemoaii B cucreMi. [leTas1i3oBaHUi MeXaHi3M HyK/J1e0}i/IbHOr0 PO3KPUTTA OKCUPAHOBOTO LUKJIY.
Periocnenu¢iynuii ¢peHos1i3 Ta periocesleKTUBHMHM anuA0J1i3 ONMCYIOTHCA €AUHOI0 KiHETUYHOW MOJE/UII0, sKa
BiANOBiJa€e MexaHi3My nepeHOCy aHiOHa HyKJ1Ie0di/IbHOI'0 peareHTy iOHHOI IapoIo.
Knarouosi cnoea: po3KpUTTSI €MOKCUAHOTO LUKIY; 2-(XJlopMeTHJ)oKcupaH (emixsiopriapun); ¢eHosis Ta agupgonis; N,N-
JUMETHUJIaHIIH (TPpeTUHHUHM aMiH); MOJIAPHICTh PO3YMHHUKA; periocnenudivyHicTs Ta perioceseKTUBHIicTh; AMP-aHanis;
KaTasi3; HykJeodinbHO-eeKTpodisbHI B3aeMOo/il; KIHeTHUYHA MOJie/Ib Ta MeXaHi3M peakuiii.
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Introduction

The reaction of oxiranes with proton-donating
nucleophiles (HNu), such as carboxylic acids,
phenols, and alcohols, is a fundamental reaction in
organic chemistry [1-4], with wide applications in
the production of epoxy resins and their
derivatives, dyes, and pharmaceuticals [3-6]. One
of the most practically important oxiranes is

70 L hNe O

o)
ECH

., Nu/\/\m

epichlorohydrin (ECH, 2-(chloromethyl)oxirane).
The ECH molecule contains three electrophilic
centers, allowing facile synthesis of compounds 1-
3 with diverse functional groups (Scheme 1). The
ring-opening of ECH occurs regioselectively
[1; 4; 7; 8]. Regioisomers 1 and 3 are referred to as
“normal” products, whereas 2 is the “abnormal”
product. Notably, product 1 serves as a synthon in
the synthesis of epoxides [4; 8-11].
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Scheme 1. 2-(Chloromethyl)oxirane ring opening by proton-donating nucleophiles

Therefore, control over the regioselectivity of
the reaction is important in modern synthesis,
which imposes high demands on product purity
[12-16]. Tertiary amines are effective catalysts for
the reaction of oxiranes with proton-donating
nucleophiles, providing a high yield of isomer 1
[17; 18] and allowing a reduction in the curing
temperature of epoxy resins [19].

In cases where HNu is a carboxylic acid, the
reaction selectivity reaches 80-90 %
[4; 6; 8; 17; 20]. A feature of the phenolysis of ECH
is its regiospecificity [8; 13], when only the
product of the “normal” opening of the oxirane
cycle - chlorohydrin ether I - is formed, which in
a subsequent stage is converted into the
corresponding epoxide. Thus, the phenolysis of
ECH catalyzed by tertiary amines is a promising
system for the development of a kinetic model of a
regiospecific reaction.

The initial task in developing such a model is to
determine the reaction orders with respect to its
components. For most of the studied reaction

5+
RsN + HNu

R3NH e ¢ eNu

series [4; 6; 8; 21; 22; 23], the reaction order with
respect to the oxirane is first, regardless of its
structure, and first order with respect to the
catalyst. The reaction order with respect to HNu
varies from zero to first, depending on the reaction
series and the acidity of the reagent. In the
presence of an excess of oxirane, the reaction
order with respect to carboxylic acids is
predominantly zero, while in reagent excess, it
increases up to first order. In a significant excess
of oxirane, the reaction order for phenols depends
on their acidity (pKa > 8 - first order; pKa < 8 -
zero order) [8].

To enable comparison of results from
analogous series with carboxylic acids and
phenols, the reaction series “4-nitrophenol (pKa =
7.15 [24]) - ECH - N,N-dimethylaniline (PhNMe;,
pKa 5.15 [24])" was selected. N,N-
Dimethylaniline was chosen as the tertiary amine
catalyst, whose moderate basicity minimizes its
contribution to the overall reaction via
deactivation by the acidic reagent (Scheme 2).
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Scheme 2. Tertiary amine quaternization in the reaction with HNu

A key point of discussion in developing the
kinetic model is the mechanism of oxirane
reactions with proton-donating nucleophiles
under base catalysis. Nevertheless, a common

feature in the mechanisms under discussion
[6; 8; 21; 22]) is the formation, by one route or
another, of ammonium salts in which the anion is
the nucleophile anion Nu- (Scheme 3).
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Scheme 3. Tertiary amine quaternization in the reaction with 2-(chloromethyl)oxirane and HNu
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Experimentally, the quaternization stage of
tertiary amines in the reaction with 2-
(chloromethyl)oxirane and AcOH (HNu) has been
confirmed by UV and visible spectroscopy for both
aromatic [18] and aliphatic amines [25]. Thus, the
study [18] of the reaction series “AcOH - ECH -
PhNMe;" by UV spectroscopy showed that the
concentration of PhNMe; decreases over time. The
irreversible and relatively slow conversion of the
amine corresponds to the formation of the
quaternary ammonium carboxylate, which can be
considered the true catalyst for the oxirane ring
opening, leading to the formation of the
corresponding chlorohydrin esters 1 and 3.
Therefore, in the case of phenolysis, it can be
assumed that the product of oxirane ring opening

R3N ®
I —  ~ RN cl
/\/G)\

o
W/\C| | Z1
0]
I (N 7o
0
IilNu

by tertiary amines in the presence of HNu is an
ammonium salt in which the anion is the
corresponding phenoxide anion (Nu-).

Previous studies [6;17; 21; 26] have shown
that in reactions with oxiranes, amines exhibit
nucleophilic character, with ring opening
occurring via an Sy2 mechanism, including a
contribution from the “borderline” Sy2 pathway
[4; 6; 26]. The mechanism that best explains the
available experimental data is the anion transfer
of the nucleophilic reagent by an ion pair
[6; 8; 17], in which the pathway of tertiary amine
quaternization in the reaction with 2-
(chloromethyl)oxirane and HNu is represented in
Scheme 4.
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Scheme 4. The paths of the tertiary amine quaternization in the reaction with 2-(chloromethyl)oxirane and HNu

Oxirane ring opening can proceed via two
pathways. Path I in volves the slow interaction of
the amine with the oxirane, leading to the
formation of the zwitterion Z1, which in a fast
subsequent step reacts with HNu to form the
carboxylate /phenoxide ion pair IP. Path Il initially
involves electrophilic activation of the oxirane by
HNu, followed by the quaternization of the amine
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to form the ion pair (IP). Quantum chemical
studies have shown that amines open the oxirane
ring only when it is activated by a proton-donating
reagent [6; 8; 21]. Further participation of the IP
in the reaction with both unactivated and
activated oxirane leads to the formation of
product 1 (Scheme 5).

HNu

Nu/\/\m + Rﬁ/\/\g Nu

OH OH

Scheme 5. Pathways for the ion pair (IP) transformation in the reaction with 2-(chloromethyl)oxirane and HNu

The aim of this work is to study the reaction
series “4-nitrophenol-ECH-N,N-dimethylaniline”
and nucleophilic-electrophilic interactions within
this system to develop a kinetic model of oxirane
phenolysis.

Results and discussion
The primary task in kinetic studies is to
determine the reaction order with respect to each

component. As noted earlier, in a significant
excess of oxirane, the reaction order for phenols
depends on their acidity [8]. Therefore, an
important aspect of this study is to determine the
reaction order with respect to 4-nitrophenol,
which has a pKa = 7.15 [24]. The kinetics of the
reaction of 4-nitrophenol with ECH were
investigated at different concentrations of
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PhNMe; in ECH (permittivity € = 22.6) and in its
binary mixture ECH : THF (1:1 v/v, € = 15.1). The
component ratio in the ECH: THF solvent was
chosen to maintain a significant excess of ECH. For
reactions proceeding via an Sy2 mechanism, or for
complex reactions with a rate-limiting Sn2 step in
the case of a neutral nucleophile, a decrease in
medium polarity reduces the reaction rate [4].
Thus, conducting kinetic studies in solvents of

different polarity allows experimental
067 A
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0,51 A 2 375
= 3 250
0.4] e 4 125
—
>~
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identification of the mechanism of the PhNMe;
quaternization step in ECH phenolysis. The
progress of the reaction was monitored by
measuring the change in reagent concentration
over time according to the method described in
the Experimental section. Kinetic curves
illustrating the effect of varying catalyst
concentration in both solvents are shown in
Figure: ECH (A) and ECH : THF (B).
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Figure. Plots of the residual concentration (a-x) vs. time (t) for the reaction of 4-nitrophenol [a = 0.46 (A) /
0.23 (B) mol/L] with ECH [s = 12.75 mol/L (A), 6.36 mol/L (B)] catalyzed by PhNMe: [b = 1.25-10-3 + 5.00-10-3 mol /L
in ECH (A) and [b = 2.50-10-3 + 5.00-10-3 mol/L ECH : THF (1:1) (B) as solvent; 353 K

The linear relationship observed in the plots of
reagent concentration versus reaction time
indicates a zero-order reaction with respect to 4-
nitrophenol in both solvents. Remarkably, the
initial segments of the kinetic curves exhibit a
slightly smaller slope, which corresponds to the
hypothesis of a slow quaternization step of the
tertiary amine and the formation of the ion pair
(IP) that catalyzes the formation of chlorohydrin
ether 1. Taking into account the established zero
order with respect to 4-nitrophenol and the
significant excess of ECH, the observed rate
constants (k.s) were calculated wusing the
following formula:

Solvent ECH

kops = (1.21 £0.16) - 1077 + (1.30 £ 0.06) - 107* - b

kobs = a—(:;—x) ’ (1)

The reaction order with respect to the catalyst
was determined by comparing the observed rate

constants with the corresponding catalyst
concentrations according to the following
equation:

kobs = Knon + Kcath, (2)

where knon and ke are the rate constants of the
non-catalyzed (s!) and catalyzed (L/(mol-s))
reactions, respectively.

Calculations according to equation (2) allowed
the determination of the catalytic and non-
catalytic reaction rate constants:

3)

r=0.999;SD=0.1-10"7; N=4

Solvent ECH:THF

kops = (1.96 +1.10) - 107 + (1.04 +£0.28)-10™* - b

(4)

r=0.990; SD=0.5-10"7; N=3

According to equations (3) and (4), a linear
dependence of kops on the concentration of
PhNMe; is observed, indicating the first order of
the reaction with respect to the catalyst.

The correlation between knon and ke shows
that the catalytic process proceeds much faster

than the non-catalytic one (k,on << kcge, )- This
allows ke to be calculated using a simplified
formula:

kobs = kcath (5)
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The rate constants for the catalytic phenolysis
of ECH (ko»s and k) are given in Table 1 and

compared with the corresponding constants for
benzoic acid with higher acidity (pKa = 4.18 [24]).

Table 1

Observed (ko»s) and catalytic (kcat) rate constants for the reaction of 4-nitrophenol / benzoic acid (a, mol/L) and ECH
(s, mol/L) catalyzed by N,N-dimethylaniline (PhNMez, b, mol/L) in ECH (¢ = 22.6) and ECH:THF (1:1v/v,e=15.1) as
solvents

Kobsr106,5 kear 10", L/(mols) Kobs106, 5~ kear 104, L/ (mol-s)
b-102, mol/L 4-Nitrophenol, 353 K
ECH (a = 0.46; s = 12.75) ECH : THF (a = 0.23; s = 6.36)
0.500 0.75%0.01 0.70%0.11
0375 0.62+0.01 0.63%0.05
0.250 0.44+0.10 1.30£0.06 0.44+0.02 1.0£0.3
0.125 0.275£0.009 -
Benzoic acid, 333 K
. 2 2
b-102, mol/L ECH (a = 0.300; s = 12.75) ECH:THF (a = 0.300; s = 6.36)
0.500 1.23:0.11 0.49+ 0,03 [20]
0375 0.95+0.04
a)
o0 0522003 1.7£0.1 0.9940.05
0.125 0.46+0.02

a) Keat is calculated by the formula (7)

For both acidic reagents, a decrease in solvent
polarity leads to a reduction in the reaction rate
constants, which is consistent with the behavior of
processes proceeding via an Sy2 mechanism in the
case of a neutral nucleophile. The reactivity of 4-
nitrophenol (pKa = 7.15) is noticeably lower than
that of benzoic acid (pKa = 4.18). Thus, in
analogous reaction series, an increase in the
acidity of HNu promotes the nucleophilic opening
of the oxirane ring.

An important aspect of studying nucleophilic-
electrophilic interactions in the
“ECH - HNu - RsN/IP” system is the comparison
of trends in reaction rate constants as solvent
polarity decreases and reagent acidity varies. A
comparative analysis was performed for 4-
NO,CsHs—OH, AcOH, and PhCOOH, whose acidity
constants differ by three orders of magnitude
(Table 2).

Table 2

Catalytic rate constants (kcat) for the reaction of HNu (pK.) and ECH (s, mol/L) catalyzed by PhNMez/BusN/n-BusNI in
the ECH (Kk’cat) / ECH:THF (1:1 v/V) (k"cat) solvents, and the ratio k’cat/k"cat

HNu / pKa catalyst TK K'eat -10", L/ (mol-s) K"ear 10", L/(mol-s) K'eat/K"cat

4-N02C¢H4-OH / PhNMe; 353 1.30£0.06 1.0+0.3 1.25

7.15 n-BusNI 353 1.4+0.2 2.0+0.2 0.70
PhNMe; 333 0.58+0.03 - -

AcOH / 4.75 BusN 333 1.23%0.02 0.81+0.04 [17] 1.52
n-BusNI 333 2.2+0.2 3.3%0.1 [27] 0.67
PhNMe; 333 1.7+0.1 0.99+0.05 [20] 1.76

PhCOOH /4.18 n-BuaNI 333 6.7+0.5 9.2+0.4[27] 0.73

The effect of changes in solvent polarity on the
reactivity of proton-donating nucleophiles can be
assessed by comparing the corresponding rate
constants with the pK, values of the reagents.
However, phenolysis and acidolysis were studied
at 353 and 333K, respectively. Therefore, a
convenient parameter for evaluating the influence

Kcat/K car = (23£0.3) + (—0.15 £ 0.04)pK,

of solvent nature on the phenolysis/acidolysis of
ECH is the ratio Kk'cat/k”car, which depends
primarily on the nature of HNu rather than on
temperature. Correlation equation (6)
demonstrates that the sensitivity of the reaction
catalyzed by PhNMe; (and by BusN in the case of
AcOH) to changes in the acidity of the reagent

(6)

r=0.954; SD =0.107

is relatively low; however, the statistical
correlation parameters, r and SD, confirm the
presence of a linear relationship between
‘cat/kK"cac and pK,. The negative sign of the
sensitivity parameter indicates that increasing the
acidity of the reagent enhances the effect of

increased solvent polarity on the catalytic rate.
Indeed, in more polar media, the extent of acid
self-association decreases, resulting in a higher
proportion of the monomeric form [28]. This
observation is consistent with the involvement of
electrophilic activation in the reaction between
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HNu and the oxirane under tertiary amine
catalysis (Scheme 4). Taking into account the
more complex mechanism of oxirane ring opening
(Schemes 4 and 5), at the initial stage of the
reaction, when attacked by the initial nucleophile,
the Nu- anion is formed in situ from the acidic
reagent. The nucleophilicity of this anion is
determined by the nature of the acid, ie., the
higher the pKa value of the reagent, the greater the
nucleophilicity of the anion. The data in Table 2
and equation (6) suggest that the rate of oxirane
ring opening by HNu reagents, when a tertiary
amine is present in the initial reaction system,
depends to a greater extent on the acidity of the
reagent than on the nucleophilicity of Nu-.
Furthermore, the significant role of electrophilic
assistance indicates that the amine quaternization
step is slow, and its rate depends both on the
nucleophilic properties of the amine and on the
degree of acid activation of the oxirane ring.
Table 2 presents the catalytic rate constants for
the reaction under discussion when the initial
catalyst is n-BusNI - an ionic compound in which
the nucleophilic center is I-. Since the nucleophilic

K car (n — BuyNI) /K cqe (PhNMe,) = (8.2 + 0.8) + (—1.0 + 0.2) pK,

opening of the oxirane ring follows patterns
characteristic of an Sy2 mechanism, a decrease in
solvent polarity in the case of a charged
nucleophile leads to an increase in the reaction
rate. Indeed, the reduced solvation of the anionic
nucleophile in a less polar solvent facilitates the
reaction. However, the acidity of the reagent has
little effect on the ratio k'cat/k"car = 0.7. That is, in
the case of tetraalkylammonium salts, the rate of
oxirane ring opening is primarily influenced by
the nucleophilicity of I-/Nu- rather than by the
acidity of the reagent. Therefore, the interaction of
the oxirane with a proton-donating nucleophile in
the presence of an ionic catalyst can proceed via
both Path I'and Path Il (Schemes 4 and 5), with the
contribution of Path I being greater due to the
significant excess of ECH. At the same time, the
contribution of Path II to the overall reaction
increases with increasing acidity of the reagent.
Indeed, the ratio K'cat(n-BusNI)/k'ca:(PhNMey),
which quantitatively characterizes the influence of
the nucleophilic properties of the initial catalyst
on the rate of ring opening, depends on the acidity
of the HNu reagent, as shown by equation (7).

(7)

r=0.989; SD=0.335

The relatively high value of the coefficient
associated with pKa (-0.993 +0.150) and its
negative sign indicate an increased contribution of
Path II to the overall reaction for more acidic
proton-donating nucleophiles.

Therefore, the effect of solvent polarity on the
rates of oxirane phenolysis and acidolysis
confirms that the oxirane ring-opening step
proceeds via an Sy2 mechanism. Phenolysis and
acidolysis of epichlorohydrin follow the same
kinetic patterns, which is consistent with a unified
catalytic mechanism - namely, the anion transfer
by an ion pair mechanism (Schemes 4 and 5).
When a tertiary amine serves as the initial
catalyst, nucleophilic opening of the oxirane ring
occurs predominantly through interaction with
the oxirane activated by HNu. In the case of an
ionic catalyst, ring opening proceeds via both
pathways. Higher acidity of the reagent favors the
reaction to a greater extent than an increase in the
nucleophilicity of the Nu- anion formed in situ
during the reaction.

Experimental
Purification of substances.
4-Nitrophenol was recrystallized from water
(m.p. 114-115 °G; lit. 114 °C [29]).

Benzoic acid was recrystallized from water in
the presence of activated carbon (m.p. 121-
122.5°C; lit. 123 °C [29]).

N,N-dimethylaniline was dried for 24 hours
over NaOH (10 g of granulated NaOH was taken
per 100 ml of amine) and distilled under reduced
pressure (b.p. 193 °C, np= 1.5578; lit. b. p. 193-
194 °C, np=1.5581 [29]).

ECH was dried by double distillation over
sodium sulfate for 20 hours, and the fraction with
b.p. 116-116.5 °C was collected; lit. 116 °C [29].

Tetrahydrofuran was purified from peroxides
as follows: a 10 % aqueous solution of Na;S03 was
added, shaken, and left for 20-30 minutes. The
inorganic layer was separated using a separatory
funnel, dry NaOH was added to the organic layer,
and the mixture was left overnight.
Tetrahydrofuran was then decanted from the
alkali and distilled over sodium at atmospheric
pressure (b.p. 65-65.5 °C; lit. 66 °C [29]).

Kinetic measurements. To study the reaction
kinetics, 4-nitrophenol (or carboxylic acid) and
catalyst solutions were prepared in the solvent
(ECH or ECH:THF) using accurately weighed
amounts. Then, 2 mL of the 4-nitrophenol solution
and 1 mL of the catalyst solution were placed in a
two-compartment flask. The flask was immersed
in a water heating bath for 10 min at the desired
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temperature. The two solutions were then quickly
mixed inside the flask and returned to the bath for
the required reaction time. The initial time of the
reaction was defined as the moment of solution
mixing. At the end of the required exact time, the
reaction was stopped by addition of 10 mL of cold
(0 = 5°C) isopropanol : water mixture (1:1 v/v).
The contents of the flask were quantitatively
transferred to the titration vessel and diluted with
water. The amount of unreacted 4-nitrophenol
was determined by pH-potentiometric acid-base
titration with a 0.1 mol/L NaOH solution.

Analysis of reaction products. 'H NMR spectra
were recorded at 298 K on a Varian Mercury Plus
300 MHz device in deuterated chloroform.
Chemical shifts were determined on the § scale
from tetramethylsilane as an internal standard.
The authenticity of the obtained spectra of
corresponding reaction products was confirmed
by the chemical shift calculations using the
ACD/ChemSketch  software package. The
formation of only product [ (3-chloro-2-
hydroxypropyl ether of 4-nitrophenol) was
established. tH NMR spectra (300 MHz CDCl3), 6,
ppm: 7.56d/d (4H, C¢H4), 4.15m (1H, CH),
3.95d/tr (2H, CHy), 3.50 d/tr (2H, CH:Cl).

Gas chromatography mass spectrometry (GS-
MS) of product I (3-chloro-2-hydroxypropyl ether
of 4-nitrophenol was recorded using an Agilent
5809 Series II 5972 instrument (electron impact
ionization), eluent: methylene chloride. Observed
m/e (I, %): 81 (23.1) [CH(OH)CH237Cl]*; 79 (71.0)
[CH(OH)CH23:Cl]*; 61 (77.6) [CH=CH3sCl]*; 51
(9.0) [CH237Cl]*; 49 (28.0) [CH235CI]*

Conclusions

The kinetic behavior of the phenolysis of 2-
(chloromethyl)oxirane in the “4-nitrophenol
- ECH - N,N-dimethylaniline” system was
investigated in both ECH and the less polar solvent
mixture ECH:THF. A zero-order dependence on
the proton-donating reagent and a first-order
dependence on the amine were established.
Similar reaction orders were determined for the
acidolysis series “PhCOOH/AcOH - ECH - N,N-
dimethylaniline” in the same solvents. For both
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