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ABSTRACT. Kinetic studies on the reaction of isoquinoline with para-substituted benzylbromides were con-

ducted under various pressures (1~1000 bar) in acetonitrile. From the rate constants obtained, the activation
parameters such as AV*, AB¥, AH*, AS¥, AG™ and Ea were evaluated. Reaction rate increasing the pressure and
temperature. The activation compressibility coefficient and the activation entropy showed negative values. From
the substituent effect and the results, it was found that the reaction proceeds through Sy2 mechanism, but the
structure of transition state was slightly changed with subtituents and pressure.
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Table 1. Second-order rate constants (k;) for the reaction
of para-substituted benzylbromides with isoquinoline in a-
cetonitrile at 20, 25 and 30 °C under various pressures
Y-CH Temp kyx10° (1- mol ' - s7Y)
«HBr (CC) 1 bar 200 bar 500 bar 1000 bar

20 0799 0939 1.080 1.261

pCH; 25 0997 1115 1313 1.479
30 1212 1357 1535 1.667

20 0582 0722 0864 1.046

p-H 25 0776 0903 1.046 1.210
30 0952 1112 1213 1.382

20 0392 0517 0.651 0.835

p-NO, 25 0535 0.659 0.780 0.949
30 0676 0801 0944 1.104

Ao] 12 A g on
Ink, =A+Bp+Cp? 3)

Gy} AL o) i vl glek GAlew
3 QAL e 7o) 94

AV* = —RT(B +2Cp) @)

7 1sH(1719)) stellAd 9] BAsHRET AV =
3} 7o) Fofzlc}.

AV§ =-RTB ®)

w3 AVTY gtHezy =
AB* & The-3} 2t

AB* = —(24V*/dp); = 2RTC ©)

243 sha-EAS

23} Haakew el 93 3 AS B Crez
BE] AV, AVT 8 ABTE AjAtsle] Table 20 £
3ot

A% ¥ DE

OlAEeln ERmaHFERO IS, & o7
A 714 BESNARSY FT 25 5614x10°°
M2 3tolon], AAAQ olaFEHe Fx&
6.88x1072 8.19x107% z28)% 103x10"* M= Hk
SAFHt. FUF SoleEYEY) Ui &x
£ 20, 25 ¥ 30°CEZ #xIst9 8] =1, 200,
500, 1000 bar)ell A A7 H=el -8 AHEste] A
AZPIA L2 Zrhshe AREE 24



152 G - MEEET - EHIE

Table 2. Activation volume parameters for the reaction of para-substituted benzylbromides with isoquinoline in

acetonitrile at 20, 25 and 30 °C under various pressures

—AV* (mL - mol™") —AB* 3
Y-l Cl,Be Temp ( AB X 10 .
o 1 bar* 200 bar 500 bar 1000 bar  (mL-mol™"-bar™)
20 185 15.4 10.7 2.93 1.56
p-CH, 25 17.0 142 9.82 2.58 1.45
30 15.6 126 7.98 1.25 1.43
20 24.6 203 138 3.08 215
pH 25 187 155 10.8 2.86 1.58
30 15.7 13.0 8.88 2.06 136
20 32,0 26.5 182 427 2.73
p-NO, 25 236 19.7 137 3.84 1.98
30 21.4 177 12.1 2.80 1.86
*_AV," at 1 atm
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Fig. 1. Pressure dependence of Ink; for the reaction of
i'soquinoline with para-substituted benzylbromide in the
actonitrile at 25°C. (#: p-NO, ®:p-H &: p-CHs)
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Fig. 2. Arrhenius plots for the reaction of isoquinoline
with benzylbromide in the acetonitrile under various pres-

sures. (#-: a bar @ 200 bar : 500 bar X-: 1000 bar)
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Table 3. Activation thermodynamic parameter for the reaction

cetonitrile at 20, 25 and 30 °C under various pressures
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of para-substituted benzylbromides with isoquinoline in a-

Temp AH*a _As*b AG#C Ead
(C) 1 bar 200 500 1000 1 bar 200 500 1000 1 bar 200 500 1000 1 bar 200 500 1000
20 284 248 226 181 207 218 224 239 891 887 884 88.0

pCH; 25 283 247 226 181 206 217 223 237 896 894 890 888 308 272 251 205
30 283 247 225 180 208 219 225 239 912 909 90.6 90.4
20 340 295 226 182 191 204 226 243 899 894 89.0 88.7

pH 25 339 294 226 181 191 204 226 243 908 904 900 897 364 319 251 206
30 339 294 225 181 191 205 227 243 918 914 913 90.9
20 379 299 250 182 181 206 o 242 902 902 897 891

pNO; 25 378 299 250 182 181 205 °. 242 917 9L1 907 902 403 324 275 206
30 378 299 249 182 181 206 242 926 922 91.8 914

*AH®: kJ - mol %, "AS™: J - mol™! - K™%, °AG*: kJ - mol ", *Ea: kJ - mol *
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Fig. 3. Isokinetic relations for the reaction of isoqu-
inoline with para-substituted benzoylbromides in a-
cetonitrile at 25°C. (®: 1 bar -®: 200 bar &: 500 bar
& 1000 bar)
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Fig. 4. Hammett plots for the reaction of isoquinoline
with para-substituted benzylbromide in actonitrile under
various pressures. (#: p-NO: @ p-H &: p-CH3)

SAH* =T, §AS* )]
p-CH; : Ty, = 366.15 K

p-H: Ty =351.15K

p-NO, : Ty, =316.15K

Table 4. Pressure effect on p-value for the reaction of
para-substituted benzylbromides with isoquinoline in a-
cetonitrile at 25 °C

Temp Pressure (bar)

O
25 1 200 500 1000
p* -0261 -0221 -0216 -0.182

® Hammett reaction constant.
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