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ABSTRACT. Ionic dissociation rates of a-chlorobenzyl ethyl ether in each solvent of toluene-dg
and carbon tetrachloride were measured by the method of dynamic NMR spectroscopy. The spin
system of these 'H NMR spectra was ABXs. The theoretical spectrum was calculated by copmuter
simulation of dynamic NMR spectra, which agreed very well with observed spectra. From this
computer simulation, the ionic dissociation rate constant %2 was obtained, and by Eyring plot with
it, slope and intercept length was gained, from which kinetic parameters were calculated. The
easiness of ionic dissociation depended upon solvent polarity. Activation enthalpy was 4. 7 keal /mole
in toluene-ds, 10.7 kcal/mole in carbon tetrachloride, and activation entropy was —35.8e.u. in
toluene-dg, —14.4e.u. in carbon tetrachloride. It was understood that though the 4H* value was
small, this ionic dissociation had an easier procession in monpolar solvents with increasing temper-
atures. Considering that the ionic dissociation could be thought as the first step of Syl mechanism,
attention might be paid to the results that the value of 4S* had a large negative value in comparison
with a small 4H*.
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1. INTRODUCTION

Recently, with the development of large-high-
speed computers, the dynamic NMR spectro-
scopic method has come to be applied in the
studies of rotation, inversion and rearrangement
of molecules, and in various studies of the ex-
change process rate. There had chiefly been a
number of studies in the exchange systems about
intramolecular rotation; but lately, the rate of
molecular ionization, or of ionic rearrangement
reaction has also been studied. One example is
the ionic dissociation rate measurement of a-
chlorodibenzyl sulfide by Oki and Arail-2.

In this process the fact that ionic dissociation
which
also brings an equivalence of diastereotopic
protons to the molecule, was applied. In other
words, if an organic halogen compound becomes

A

a solvent-separated ion pair C* " Cl- wvia

’,

S H

of a molecule results in racemization,

Ar

contact-ion pair C* Cl, it can also be made

] H
Ar

1
a solvent-separated ion pair CI-/C’ by in-

’

S H
version in the solvent. Ion pairs are racemizated
for each other. Accordingly it can even be said
that the proton exchange of ABSBA is always
occurring in stabilized molecules. According to
the above experiment, it has been confirmed
that: (1) The greater the polarity of the general
solvent, the faster the rate of ionic dissociation;
and (2) the ionic dissociation of the compound
results in both cation and chloride ion forrs.
The formula® applied to obtain the kinetic
parameter was

k=3 /6 (an)+ (dvan)®
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The value demanded for exchange of diaste-
reotopic protons in the solvent at coalescence
temperature, 4G.* could be obtained by apply-
ing % to the following formula

AG=4.75T,(10. 319+10g T, /£,)

and the value of 4G.* in carbon tetrachloride
at 80°C was 17.8keal/mole (up). We are
interested in this ionic dissociation because it
can be thought as the first stage of the Syl
type reation process.

Studies on the perfect line-shape analysis of
NMR spectra of the spin coupled system have
been multiplying in recent years; and in this case
chemical exchange rate is comparatively slow,
about 10~*~10%sec’, Then NMR signals show
a characteristic change, and by analysing this
line-shape of the changed signals, we can obtain
a kinetic process rate constant.

After that, we can also obtain activation
parameters of chemical exchange from the con-
stant. In this case, the activation energy E,
lies in the range of 7~30 kcal/mole. Recently,
in other experiments with more complicated
systems, some theoretical spectra could be ob-
tained, from which we can also obtain activation
parameters. The parameters give us some useful
data for the study of dynamic molecular
mechanism.

As the carbonium ion can be stabilized not
only by sulfur but also by oxygen, this study
tried to investigate the ionic dissociation rate of
a-chlorobenzyl ethyl ether that has an oxygen
in the B position of chloride substituent.

2. EXPERIMENT

Synthesis of a-Chlorobenzyl Ethyl Ether.
§~17 When 37. 5 grams of benzaldehyde and 0. 75

*} is rate constant, J is coupling constant and v is
chemical shift difference. Subscript ¢ is an abbre-
viation of coalescence, those that follow are the
same as this.
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Fig.1. The 'H NMR spectra of a-chlorobenzyl ethyt ether at 34°C: (a) in toluene—ds, (b) in carbon tetrachloride,
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Table1. TH NMR spectral data (8} of a-chlorobenzyl ethyl ether at 34 °C.

Solvent Reference CeHs- -CHCI- -CH- -CHs
Toluene-dg HMDS** 6. 77 (m) 5.98(s) 3.03~3.70(m) 0.77(2)
Carbontetrachloride TMS 7. 30(m) 6.43(s) 3.67~4.14(m) 1.30()

%Toluene-dg: CgDs-CDs; **HMDS: Hexamethyldisiloxane, m: multiplet, s: singlet, ¢: triplet.

grams of ammonium chloride were added to 49
grams of ethyl aleohol in a reaction flask, and
were agitated in order to react, the benzaldehyde
diethyl acetal was obtained by distillation of the
contents. Two molar times of acetyl chloride
and as a catalyst small quantity of thionyl
chloride were added to the benzaldehyde diethyl
acetal and they were agitated, Then excess
acetyl chloride, residual products and incom-
plete reactants were removed from the products
by a suction pump, and «-chlorobenzyl ethyl
ether was finaily obtained by wvacuum distilla-
tion.

Its density at 0°C was .968g/mi, Fig.1
demonstrates the 'HNMR spectra of a-chloro-
benzyl ethyl ether at 34°C and Tablel its
spectral data.

The Measurement of 'H NMR Spectra. The
a-chlorobenzyl ethy] ether was very unstable
in the air and so it immediately decomposed,
getting white smoke because of the reaction
with water. So the sampling was proceeded
using a drying box, or nitrogen gas atmosphere.

The concentration of a-chlovobenzy! ethyl
ather in each solvent in the NMR sample tube
was about 10 percent by volume. As an external
standard, HMDS in a capillary tube was put in
the toluene-dg solution in the sample tube. And
0.5 volume percent of TMS as internal reference
was added in the carbon tetrachloride solution.
The NMR spectrometer was HITACHI R-20B
with temperature variation accessory. The scan-
ning was proceeded over 600 Hertz and 300
Hertz. Toluene-dg in the ampoule (the French
Office of Atomic Energy) was used as received.
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GR carbon tetrachloride {Wako Chemical Co. )
was used after drying ever synthetic zeolite 48
hours. At low temperatures, cooled nitrogen gas
stream was sent to the spinner in the mean time
of NMR operation in order to protect the spinner
from freezing by dint of water in the air, The
cooling of nitrogen gas was done by exchanging
the heat with liguified nitrogen gas.

The measured temperature in the case of tolu-
ene-dy solution ranged from —356°C to 40°C,
and frem —40°C to 40°C in the case of carbon
tetrachloride. The temperature check of the
measuring process was achieved by Van Geet’s
temperature calibration method!®. In this method,
the chemical shift difference (4v) of each of
the two peaks of methanol at low temperatures,
and of ethylene glycol in high temperatures, was
measured. The temperature was calculated by
the following equations;

T=478.6—1.906| dv|, (for methanol)
T=466.0—1.69%4]dv], (for ethylene glycol)

The error of temperatures in this method was
+0.5°C. Avyp wes clacolated by following
equation

dvap= va(2Jsg+a)

where ‘Jap" was the coupling constant and ‘a’
the distance between two J43's in Hertz unit.
Computer Simulation of NMR Specira.
The computer programming that was partly
modified for the sake of theoretical NMR spectra
was owed to “General NMR Line-Shape Pro-
gram with Symmetry and Magnetic Equivalen.

ce Factoring” by Binsch'®, making use of the
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Density Matrix Method. The computer used
was one of the large size computers, HITAC
8800/8700 at the computer centre of the Uni-
versity of Tokyo, of which the plotter was a
Watanabe Guage KK,

Spin-spin relaxation time was calculated by
the equation:

To=1/ W12 ®

where Wj,; was a half-value width of a sharp
signal that had no exchange.

Chemical shift difference depended upon the
temperature change, 50 dv could easily be esti-
mated at optional temperatures, The procedure
was as follows: After the protons clearly re-
presented AB part of ABX; signals at the
proper temperature, their spectra were measur-
ed again at lower temperature, and examined
the drift which relied on these temperatures.
Finally, chemical shift differences were
estimated by extrapolation of these tendencies
at optional temperature, and thereafter Av
could be used in the computer simulation of

spectra.

3. RESULTS AND DISCUSSION

It is believed that the a-chlorobenzyl ethyl
ether maintains the following equilibrium in

nonpolar aprotic solvent:

H Ha
CHs—C —0—}13 -CH; =—
Ci Hs
H H
[CeHs— g[_— 0- (:J —CH;+Cl7) =
H
H Ha
C5H5-(:3 -0 —({.‘, -~CH,
Cl Ha

but these molecules exist as the mixtures of

MAOC

-56C

14°C

CJ

40C

Fig.2. The NMR spectra of A and B protons

(-OCHy-) according to temperature chan.

{a) Solvent: toluene-ds, reference: Ig-leIdeS, (b)

solvent: carbon tetrachloride, reference: TMS.
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their various conformers, and the chemical shift
that can be seen in the NMR spectra is measured
as the average of various conformers. Under
these circumstances it is considered that the
chemical shift difference of AB protons changes
in accordance with the changing temperature.

The NMR spectrum of a-chlorobenzyl ethyl
ether was a complicated ABX; spin system, and
the spectra of AB protons which had the spin—
coupling by -CHCl- and ~CH; at various
temperatures, can be seen in Fig. 2.

In the spectra, AB proton parts show the
-CHCl-, and
the -CHj parts as demonstrated, show little
change,

extreme changes, while CgHs-,

The 16 splitting patterns of AB protons are
shown in Fig. 3.

In the solvent toluene-dy at —56°C, 16 sharp
peaks are broadening more and more with
increasing temperatures, and also the spectra in
carbon tetrachloride has the same tendency as
that of tolune-ds.

To analyse the line-shaped spectrum, it is
necessary to apply the chemical shift difference,
coupling constant and T,. The coupling constant
of AB protons J4p equals 7.2 Hertz and there
was no temperature dependency as we expected,
but chemical shifts were paramagnetically shifted
with increasing temperatures.

The Hertz values in Fig.4 vy, vp and vy are

Hu

each chemical shifts of -—O—(!,‘- and —CH,.
H

NMR spectrum was measured in toluene—ds.

Each of the ABX,* proton peaks were shifted
to a low magnetic field, bit by bit, with
and vz showed the

most intense tendency and vx showed little

increasing temperatures.

shifting,
Fig.5 is also the chemical shift variations of

*X, protons; CHjs protons.
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ABX; protons depending upon temperature
changes in carbon tetrachloride, Here too,
chemical shifts were paramagnetically shifted
with increasing temperatures and vz showed
the greatest tendency but »y showed little
change.
(a)
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Fig.3. The 16 splitting patterns of AB protons that
had spin couplings with -CH- and =CHj: (a) toluene
~ds, (b) carbon tetrachloride.
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Fig.4. 'The relationship of chemical shifts vs. tem-
peratures in toluene-dg solution.
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Fig.5. The relationship of chemical shifts vs, tem-
peratures in carbon tetrachioride solution.
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Fig.6. The relationship of chemical shift difference

vs. temperature.
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Fig.7. The computer simulation results of the observed spectra in toluene-da.
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Fig. 8. The computer simulation results of the observed spectra in carbon tetrachloride.
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Fig.9. The relationship of log /T vs. 1/7T.

Fig. 6 is the relationship of chemical shift
difference (4v) versus temperature.
cansee that the chemical shift difference Jvap

Here we

of protons A and B is decreasing with increasing
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Table 2. Kinetic parameters about ionic dissociation
of a-chlorobenzyl ethyl ether.

Solvent 4H* 45*
Toluene—d8 4.7 keal/mole —35.8e.qu.
c,;{?::lm oride 10. 7 keal/mole —14.4 e

temperatures, This is because 4v is observed as
a means of variant possible conformers. In
Fig.6 dvsp is decreasing both in toluene-ds
and in carbon tetrachloride with increasing
temperatures,

From the coinputer simulation, we obtained
rate constant % in each solvent at various tem-
peratures. With the 2, Eyring plot is shown
in Fig.9. From the results of Eyring plot, the
following dynamic parameters were caleulated.

The small value of 4AH* and large negative
value of 4S* were considered to demonstrate
that the solvent molecular participation was
great during the transition state. We have to
pay attention to the large negative value of 45*
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in comparison with small 4H*. Also the fact
that 4H* in toluene-d8 is smaller that in carbon
tetrachloride, means that the easiness of ionic
dissociation is dependent upon the solvent
polarity. The kinetic parameters also support
the fact.

4. CONCLUSIONS

(1). The -CH,- part in NMR spectra of a-
chlorobenzyl ethyl ether is AB proton system.
This splitting pattern is an ABX; type, and
g0, at low temperatures 16 peaks can be seen
clearly.

(2) The chemical shift difference of proton
A and B(dv,p) is bigger in toluene-ds than in
carbon tetrachloride.

(3) The chemical shifts of proton A and B
are paramagnetically shifted with increase in
temperature,

(4) The calculated spectra agrees very well
with the observed spectra.

(5) The easiness of ionic dissociation in an
organic solvent depends upon solvent polarity,
and the kinetic parameters support this,

(6) The fact that the activation entropy has
a large negative value means that participation
of solvent molecules is great and, thus, must
be given special attention.

(7) The study of ionic dissociation is very
important. It can be said that the ionic disso-
ciation is the first step in the Syl mechanism,
and one can gain the necessary kinetic para-
meters by dynamic NMR spectroscopy.
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