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Recently1, Kinetic studies of the reaction of 
benzylbenzenesulfonate with pyridine in acetone 
were carried out by the electric conductivity 
method under 1 to 2,000 bars at 20 to 40°C. 
From the activation enthalpy, activation ent
ropy and activation volume, it was found* that 

this reaction precedes via the S^2 reaction 
mechanism in which the rate of the reaction 
was determined by C…N bond formation at the 

transition state. In this connection, we studied 
a similar system of more firmly central 5^2- 
type mechanism such as the reaction of /3-phe- 
nylethyl arene sulfonates with pyridine under 
high pressure at 40 to 60° C in acetonitrile and 

the purpose of this study was to investigate the 
pressure dependence of the rate constant of the 
reaction to give us some detailed information 
for the reaction mechanism. The reaction of 
jS-phenylethyl brosylate with pyridine in aceto
nitrile yields ^-phenylethylpyridinium brosylate 
quantitatively. Second-order rate constants for 
the reaction of ^-phenyl ethyl brosylate with 
pyridine in acetonitrile at various pressure and 
temperature are summarized in Table 1.

As shown in Table 1, the rate constants are 

increased by temperature and pressure and the 
rate constants are less than that of the reaction 
of benzyl benzenesulfonate with pyridine in 
which the rate constant1 at 40° C, 1, 000 bars is 
11.46X 10-4Z/mole, sec. The reason is large 
stability of benzyl cation by conjugation of 
electron of the ring after the departure of ben
zenesulfonate anion.

The activation volumes obtained from the slo-

Table 1. Second order rate constants, 104(Z,mol-1 
•sec-1), of the reaction of jS-phenylethyl brosylate 
with pyridine in acetonitrile at various temperature 
and pressures

P (bars)
T(°C)---------------------------------------------------

1 500 1000 1500

40 0. 517 0.671 0.823
50 1.091 1.259 1.607 1. 851
60 1. 813 2.085 2.671 3.170

Table 2. Activation volume (JV*) for the reaction 
of Q-phenylethyl brosylato with pyridine in acetonitrile 
at various temperature.

T(°C) 40 50 60

』卩누 (cm3/mole) -12. 33 -10. 33 一 9. 56
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pe of Fig. 1 which are related to the data 
calculated from eq. (1) are in Table 2.

〈지r诡) „ AV^
L矿丿厂一顷 ⑴

From Table 2, we found following results 
that the activation volumes, JV*, are all nega
tive at various temperature and the value of 
IIV치 decreased with increasing temperature.

These results are valuable for us to consider 
the physical meaning involved ineach item for 
reaction mechanism.

The is equal to 卩* 一卩o, where 
is the volume of the activated cpmplex, and 
卩o is the volume of reactants. Vq is composed 
of substrate Vi (jS-phenj4ethylbrosylate), nuc
leophile V2 (pyridine) and solvent V3 (acetoni- 
trile). But the apparent volume of complex is

P(bars)

the sum of the volume of activated complex 
(片)and solvent 卩3* (acetonitrile). In parti
cular, 卩3'수 (acetonitrile) is somewhat different 
from solvent V3 (acetonitrile). We can assume 
that the sum of the volume of Vi and V2 of 
reactants are not so different from that of acti
vated complex 卩보 even though the complex is 
시ectrically somewhat distorted but the volume 
of s시vents 卩广 (acetonitrile) are much different 
from that of initial state because the charged 
complex causes more electrostriction than the 
reactants.

As we mentioned above, if the complex is 
more charged than reactants, it is reasonable 
that activation volume (J is negative.

When temperature Is increased, the electres
triction is less effective than that of low tem
perature. Generally, a negative J would be 
expected for S^2 reaction where two molecules 
are brought together in the transition state.

of S^2 reaction of benzylbenesulfonate with 
pyridine in acetone at 40° C at various high 
pressure was 12. 97cm3/mole, and its value 
was about the same with that of this work. 
There are ample resemblance with the SN2 
Menschutkin reaction, for example, of the 
reaction of EtI with pyridine3 and that of cety
lbromide with pyridine in acetone at 40° C, 
in which 力卩* is 一15 〜一20cc per mole in 
both case.

The activation enthalpy, activation entropy 
and activation free energy for the reaction of 
j6-phenylethyl brosylate with pyridine are cal
culated from the equations reported1 and areFig. 1. The Plots of In^ as pressure.

Table 3. Activation enthalpy, activation entropy and activation free energy for the reaction of 0-phenylethyl 
brosylate with pyri처ne in actonitrile at 50° C

P(bars) 1 500 1000 1500
소 (Kcal/mole) 12. 36 11.10 10. 91 10.73

厶S혹 (e. u/mole) —38. 59 一 42.18 -42.30 一 42.58
/G埠(Kcal/mole) 24.83 24. 73 24.58 24.49

Journal of the Korean Chemical Society



(3-PhenyIethyl Bromohenzenesul比nate와 피리딘과의 고압반응에 관한 반응속도론적 연구 145

2.0

* x IO3 (deg시)

Fig. 2. The plots of In(為/T) 히s. 1/T.

given in Table 3.
The plots of In(쓰)against 点 at 1, 500 bars 

for the reaction of phenylethyl brosylate with 
pyridine at various pressure exhibit good line
arity as shown in Fig. 2.

The values of the activation enthalpy in 
Table 3 are calculated from the slopes in Fig.
2. As shown in Table 4, values decrease 
with the pressure increase and복 values inc
rease negatively. These phenomena can be de
duced that the SN2 character are predominant 
as the pressure increases because the Sn2 mec
hanism is predominant whenvalue is co
mparatively small and 力S' values negatively 
large.4-5 Comparison of AS^ for the reactiion 
of benzyl system with that of g-phenylethyl 
system shows that the latter is more negative6 
than the former. This result suggests that S应 

character in the transition state of the latter is 
greater than that of former system.

The isokinetic relationship between vs.
was well correlated and its temperature 

was 388° K (Fig. 3).
From all the above results, this reaction was 

found to be an SN2 type in which the rates of 
reaction are determined by C …N bond formation
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Fig. 3. The isokinetic relationship for the reaction 
of g-phenylethyl brosylate with pyridine in acetonitrile 
for pressure change.

at the transtion state.

EXPERIMENTAL

phenylethyl brosylate was prepared by the 
Tipson1 s3 procedure as f시lows：

While stirring the temperature was kept at 
0°C in a ice-water bath, 2. 73g (0. 022Af) of fi- 
phenylethyl alcohol was dissolved in ca. 40mZ 
of pure pyridine and subsequently 5. 71g (0. 022 
M) of />-bromobenzenesulfonyl chloride was 
gradually added at 0°C. After stirring for 3 
hours at 0°C, the mixture was poured into ice 
-water and then collected colorless crystals.

Recrystallization from w-hexane: Yields 65 
%, mp 57°C (lit」58〜59°C). Conductance 
measurements were used BARN STEAD Model 
PM 70 CB conductivity meter (U. S. A) and con
ductivity cell is composed of two parts, a 
glass cylinder of 4cc in volume in which two 
Pt circular plate electrodes are sealed, and two 
branched teflon tube of 6cm long and 4mm dia

meter.
The solvolysis reactions are always negligible 

with respect to the nucleophilic addition.
The reproducibility of the data (h and 人)) 
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was difficult to bedetermined, so the pseudo- 
first order rate constant was calculated from 
the Guggenheim equation.9
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