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ABSTRACT. The reaction rates of substituted quinolines (6-Clqui., qui.) with p-substituted benzoylchlorides (p-CH3,

p-H, p-NO2) have been measured by conductometry in acetonitrile, and the rate constants are determined at var

peratures (10, 15, 20, 25oC) and pressures (1, 200, 500, 1000 bar). From the values of rate constants, the ac

parameters (Ea, ∆V�,  ∆H�,  ∆S�,   ∆G� ) and the pressure dependence of Hammett  ρ values were determined. The rat

constants increased with increasing temperatures and pressures, and are further increased to introduction to th

acceptor substituents in substrate (p-NO2) with quinoline. The activation volume and the activation entropy are all n

ative. And the Hammett ρ values are negative for nucleophile (ρX) and positive for the substrate (ρY) over the pressure

range studied. The results of kinetic studies for pressure and substituent show that these reactions proceed thro

ical SN2 reaction mechanism and “associative SN2” favoring bond formation with increasing pressures.
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∆V� = -RT(B + 2CP) (3)

∆V0
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∆β�= (5)
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∆V�K [\ ](-)! ^$ _`-r �� LM� �J

"#4
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|−∆V�|K �� LM� �� ÐÑ2z, �
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� LM2K TÒ@$ _`-z v9.

�� LM� �� |−∆V�|K ÐÑ2z vEF, :K

�� LM� �� "#�0 <YÐÑ� { |} I�

! LM� �J Ï¦ +,���! /2��(electros-

triction) I�! ÐÑ� !� Vt� Vi! È:M 9Ñ �

%Dz, �
 LM� �� "#�0 <YLM� /2�

∂ V
  ≠∆

∂P
--------------- 

  2RTC=–
Fig. 1. Pressure dependence of lnk2 for the reaction of 6-
chloroquinoline and quinoline with p-substituted benzoyl-
chlorides in acetonitrile at 25oC (6-Cl-qui.: -� -: p-CH3, -� -:
H, -� -: p-NO2,, qui.: -� -: p-CH3, - * -: H, -� -: p-NO2)

Table 1. Activation volume parameters for the reaction of p-substituted benzoylchlorides with 6-chloroquinoline in acetonitrile
various temperatures and pressures

Y-C6H4-COCl
Temp.
(oC)

−∆V � (mL · mole−1) −∆β×102

(mL · mole−1 · bar−1)1a 200 500 1000 bar

p-CH3

10  28.8  27.4  25.1  21.4  7.49
15  29.3  30.8  26.9  20.6  12.7
20  31.1  31.5  27.3  20.4  13.8
25  32.6  27.5  25.7  22.8  5.93

p-Hb

10  29.0   25.6  24.4  22.4   3.94
15  31.0  25.6  24.6  22.9  3.31
20  32.5  27.3  25.9  23.5  4.81
25  33.8  26.3  24.9  22.7  4.47

p-NO2

10  29.3  27.9  25.9  22.4  6.98
15  33.9  31.4  27.5  21.1  12.8
20  34.3  31.8  28.0  21.6  12.7
25  35.8  28.2  26.4  23.4  6.03

aWhen the  −∆V� at 1atm appears to  −∆V0
�.

bp-H: Benzoylchloride 
Journal of the Korean Chemical Society
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G� Sera11, Lenoble11,13, Laidler2 y� !2� ∆V0
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�M psqK "#ij(k Û ��� @Ò: Ù "#

@$ _`-F, ∆V0
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! ̂ $ M

DK TUK ��� "#� :��"#! T© "#�

�Üq_ 9Ñ ��� "#: U&� @Ò$ _`-F,

∆V0
� < −20 mL · mol−1! ^$ _`-K TU :��@

: Ù "#E; �zS À v9. ��. £ �7�.K

/ fE; ∆V�^: ]! ^$ _`-z vEF, Æ�

f Ù ]! ^$ _`ÝE;� / fE; gno@E

; g�qrDK /ofP SN2 "#! Þß$ _`-

z vEF, +,��� !� /2�� I�M Ï; "

#� �3m$ u � v9.

�
��� ��� �� ����  !. ��! N

O � ��S �	����! "#� �� 2È4
5

�;<= wx�f ?@	A�B=§(∆H�, ∆S�, ∆G�,

Ea)$ ©Ë23 Table 2� _`-d9.

:X ∆H�^h �� LM� �� ÐÑ2z vEF,

p-CH3 > p-H > p-NO2 àE; á¸2R ÐÑ2z v]

$ u � vd9. G� ∆S�K [\ ]! ^$ _`-

z vEF, |−∆S�|K �� LM� �� ÐÑ2z p-CH3

< p-H < p-NO2 àE; LM2z v]$ u � vdE

F, ∆G�^h |−∆S�|! TÒ@� �¬2R _`_z v

]$ u � vd9. �â Leffler14 yh ∆H�� ∆S�¬

:! y4
�©(isokinetic relation)6 9] Ê (8)� �

: _`ã � vEF, 0ä0 Tiso.6 y4
�
(isokinetic

temperature)� 289.

δ∆H� = Tiso. δ∆S�) (8)

δ∆G� = δ∆H� − T δ∆S�

= Tiso. δ∆S� − T δ∆S� 

= (Tiso. - T) · δ∆S� (9)

:X y4�
(Tiso.)M ³å�
(T)� �h TU +,

I�_ ��0I��K æ�2R "#4
5�! �	

M çR qF, y4�
M ³å�
 �9 ÇR _`_

K TU "#4
K Ï; ZªY� !� �èqF, y

4�
M ³å�
 �9 �R _`_K TU�K Z)

;Y� !� Z);Y �è"#E; +,I�� 0P�

9K ¢E; �z qrv9.15

Ê (8)E;<= y4
�
(Tiso.)6 7� g�

6-chloroquinoline: p-CH3(235.7 K), p-H(110.4 K), p-NO2

(164.3 K) :dEF, quinoline: p-CH3(221.1 K), p-H

(273.3 K), p-NO2(241.3 K); _`_ ³å�
(283.15,

288.15, 293.15, 298.15 K) �9 éR _`aEF, ?@

	�CDK ê�� NO � 0H -�. ��LM�

�� ÐÑm$ u � vd9. Û, NO P TU quinoline

: 6-chloroquinoline �9 �R _`a]$ u � vd

EF, 0HP TU p-CH3> p-H > p-NO2 àE; LM2

89. : X ?@	�CD! ��� �J !�@$ �ë

~

~

Table 2. Activation thermodynamic parametersa for the reactions  of p-substituted benzoylchlorides with substituted quinoline 
acetonitrile at 25oC under various pressures

 X-
C9H7N

Y-C6H4-
COCl

∆H�a −∆S�b ∆G�c Ead

1 200 500 1000f 1 200 500 1000f 1 200 500 1000f 1 200 500 1000f

C9H7N p-CH3 67.05 66.68 66.30 65.92 76.19 75.08 73.27 71.18 89.74 89.05 88.12 87.10 69.47 69.09 68.71

p-He 62.42 62.00 61.60 61.18 87.45 86.51 84.91 83.06 88.52 87.82 86.96 85.96 64.84 64.41 64.01

p-NO2 50.75 50.49 49.95 49.55 116.5 115.0 113.6 111.3 85.41 84.70 83.77 82.66 53.16 53.16 52.36
6-Cl- p-CH3  71.62 71.19 70.67 70.36 66.70 65.87 64.98 61.80 91.43 90.77 90.07 88.79 74.03 73.61 73.08

C9H7N p-He 65.42 65.27 65.01 64.61 83.17  80.58 79.56  76.66 90.04 89.43  88.73 87.49 67.84 67.69 67.43

p-NO2 55.42 54.88 54.44 54.28 106.6 106.2 104.9 101.1 87.09 86.44 85.69 84.39 57.84 57.30 56.86
a∆H�: KJ · mole−1,  b∆S�: J · mole−1· K−1, c∆G�: KJ · mole−1, dEa : KJ · mole−1

ep-H: Benzoylchloride, fpressure: bar
2003, Vol. 47, No. 3
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Menschutkin "#! TU /:5�! ~@: "#Õ

�9 Ç0 XÔ� /:5��. ∆V�K /2�í� !
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`-F, |−∆V�|̂ : LM2� /2�� I�M VW Ç

R �+23 +,��! ��
 ÐÑ� �� |−∆S�|̂


 LM2R qr /:5�! ��
M LM2K |−∆V�|�

|−∆S�|! 5��©6 �� � � v9. Ì>_ �� �

	� �� "#Õ� /:5�! <YM �20 XÔ�

∆V�^� ñ�! �	M �ò ∆V�� ∆S�! 5��©

K 9Ñ ó¤³2R qô; ∆V�� ∆S�! 5��©K

�0��. !BM v]$ u � vd9. ��. "#

ij(k! ��� vr.K �0��.! ?@	<Y

�	(∆V0
�)! f+: �+m$ u � vd9.


���
 �� ���� Hammett ρρρρ
4
5�(k2)� 9] Ê (10)$ :+23 � �
� �

��. 0H! �� (ρY)� �� Hammett ρY ^� N

O ! �� (ρX)� �� Hammett ρX^$ ©Ë23

Table 3� _`-dEF, Ì� �� Hammett plot$

25oC� ��. �ëfE; Fig. 4� _`-d9.

0H� �� "#5� ρK gno@� �J ρ̂ (ρ>0)

� gnA�� �J ρ̂ (ρ<0)E; _�r ��� � v

EF,19,20 �� ! �	� �� "#! Ð
; /2:

ê õ�! Ç06 _`î9. ��. ρ̂ : �(+)P T

U /:5�! "# �¡� ]! 2/: p/qr gn

Fig. 2. Pressure dependence of activation energy for the 6-
chloroquinoline and quinoline with benzoylchloride in ace-
tonitrile at various pressures (6-Cl-qui.: -* -: 1 bar, -� -: 200,
-+-: 500, -− -1000, qui.:  ö� ö: 1,  ö �ö: 200,  ö� ö: 500,
ö� ö : 1000).

Fig. 3. The relation of activation entropy vs. activation vo
ume for the reaction of 6-chloroquinoline and quinoline wi
p-substituted benzoylchlorides in acetonitrile at 25oC, 1 bar.
(−: 6-Cl-quinoline, ö: quinoline).
Journal of the Korean Chemical Society
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! o@: U&m$ !B2z, ](-)! ρ̂ P TU "#

! �¡� �! 2/: p/t$ ÷�9. Table 3�.

ρY ^h [\ �! ^$ _`-z vEF, ��: LM

m� �� ρY ^
 / fE; LM2z v9. :K 0

H! "# �¡� ]! 2/: p/S /:5� 7�6

!B2F, ��: LMm� �� ��0� !� /2:

ê õ�: VW LM23 ��0� �� Ð
M VW

Óø$ _`î9. Hammett ρ� �� �� !�Êh 9

] Ê� �: _`ã � v9.

∆G� = −2.303RT ρσ (10)

∆V� = T = −2.303RT σ T (11)

∆V� = 2.303RTσ T (12)

:>� g�K ∆V�^E; <= ��0 5� σM L

M��ù |−∆V�| ̂ : LM23 Ê (12)! g� (∂ρ/∂P)T

^: �! ^:qr �� LM� �J ρ̂ ! LM6 �

3 Ïz v9. :K ��: LMm� �� ��0! /

2:ê õ�: LM23 gn! o@: �pqK "#

ij(kE; ��� � v9.

NO ! ��0 I�� �� ρX ^h [\ ]! ^

$ _`-z vEô; NO ! "# �¡�K �! 2

/: p/qF, 0H! ρY ^� Æ� |-ρX|̂ : Ù ¢h

/:5��. "#�¡ ú�P HÑú�! �! 2/

: 5Üû p/t$ ÷2F, NO ! /2:ê õ�:

"#� ,U ��m$ !B�9. G� �
M LMm�

�� ρY, ρX ^: 9Ñ ÐÑ2K ¢E; _`ü ¢h �
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Table 3. Hammett ρY and ρX values for the reaction between
substituted benzoylchlorides(Y-C6H4COCl) and quinolines(X-
C9H7N) in acetonitrile at various temperatures and pressures 

X-C9H7N
Temp.
(oC)

ρY

1 200 500 1000 bar

C9H7N

10 0.918 0.920 0.923 0.940
15 0.848 0.852 0.867 0.889
20 0.787 0.792 0.800 0.813
25 0.769 0.771 0.776 0.795

6-ClC9H7N

10 0.899 0.905 0.911 0.917
15 0.836 0.849 0.859 0.866
20 0.775 0.787 0.791 0.800
25 0.758 0.760 0.769 0.777

Y-C6H4COCl
Temp.
(oC)

−−−−ρX

1 200 500 1000 bar

p-CH3C6H4COCl

10 1.629 1.974 2.060 1.832
15 1.551 1.952 1.919 1.675
20 1.564 1.905 1.965 1.709
25 1.387 1.739 1.848 1.581

C6H4COCl

10 1.678 2.089 2.203 1.936
15 1.595 2.015 2.126 1.866
20 1.619 2.008 2.105 1.817
25 1.457 1.927 2.045 1.791

p-NO2C6H4COCl

10 2.132 2.705 2.821 2.566
15 2.194 2.593 2.602 2.374
20 2.246 2.588 2.659 2.377
25 2.033 2.426 2.522 2.279

Fig. 4. Hammets plots for the reaction of 6-chloroquinolin
and quinoline with p-substituted benzoylchlorides in acet
nitrile at 25oC(6-Cl-qui.: -�-: p-CH3, - � -: p-H, -�-: p-NO2,
qui.: ö�ö: p-CH3, ö�ö: p-H, ö�ö: p-NO2).
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