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ABSTRACT. The reaction rates of substituted quinolines (6-Clqui., qui.) pvithbstituted benzoylchloridepCHs,

p-H, p-NO>) have been measured by conductometry in acetonitrile, and the rate constants are determined at various tem-
peratures (10, 15, 20, 26) and pressures (1, 200, 500, 1000 bar). From the values of rate constants, the activation
parameters (E&V *, AH™, AS™, AG™) and the pressure dependence of Hammetlues were determined. The rate
constants increased with increasing temperatures and pressures, and are further increased to introduction to the electron
acceptor substituents in substrgieNQ©.) with quinoline. The activation volume and the activation entropy are all neg-

ative. And the Hammett values are negative for nucleophip ) and positive for the substrafe ] over the pressure

range studied. The results of kinetic studies for pressure and substituent show that these reactions proceed through a typ-
ical Sy2 reaction mechanism and “associativg@"Sfavoring bond formation with increasing pressures.
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AV, = -RTB (4) Pressure(bar)
: EQAV¢ o Fig. 1. Pressure dependence df;lfor the reaction of 6-
OBT= O op D’ZRTC ®) chloroquinoline and quinoline witp-substituted benzoyl-

chlorides in acetonitrile at 2& (6-Cl-qui.: ¢ -: p-CH;, -H -:
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Table 1. Activation volume parameters for the reactiop-stibstituted benzoylchlorides with 6-chloroquinoline in acetonitrile at
various temperatures and pressures

Y-C¢H,-COCI Temp. ~AV (mL - mole’) ~ARx1G

(°C) 12 200 500 1000 bar  (mL - mole* - barl)
10 28.8 27.4 25.1 21.4 7.49

o-CHs 15 29.3 30.8 26.9 20.6 12.7
20 31.1 315 27.3 20.4 13.8
25 32.6 275 25.7 22.8 5.93
10 29.0 25.6 24.4 22.4 3.94

oH? 15 31.0 25.6 24.6 22.9 331
20 325 27.3 25.9 235 481
25 33.8 26.3 24.9 22.7 4.47
10 29.3 27.9 25.9 22.4 6.98

NG, 15 33.9 31.4 275 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

AVhen the-AV* at 1atm appears teAV,".
bp-H: Benzoylchloride
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Table 2. Activation thermodynamic paramefeiar the reactions gf-substituted benzoylichlorides with substituted quinoline in

acetonitrile at 28C under various pressures

p-CHs; > p-H > p-NO, &2 2 x5l 3143k 9l
= ¢ 5 dAdeh =3 ASTE 2F 5 S veh
ILglem, FAS R ¢ Ftel] ulbet 3442815t p-CHs
< p-H < pNO, o= F7H81aL Alers & 5= AR
™, AG > FASTE] AT frAksb vrehar 9l
&5 o 4= Ul 3 Leffler 52 AH™9} AS™A
o] &] F<-=2) (isokinetic relationf the- 4 (8) 7
o) vehd 4= gl 2™, 7137 TisoF 5425 (isokinetic

temperature) 3}3ict.
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A (8L FH FEHEELE(Tw)E T3 234
6-chloroquinolinep-CHs(235.7 K), p-H(110.4 K), p-NO,
(164.3K) ¢]g)2m, quinoline: p-CHs(221.1 K), p-H
(273.3K), p-NO,(241.3 KR vJeh} 41325 (283.15,
288.15, 293.15, 298.15 Ky} SA] viepdom, 24
Sellu A= Tl AgA e} 7]1A ellA g FTtel
uje} 143e o 5= 1sieh. 5, A9 <1 75 quinoline
¢] 6-chloroquinoline®.x} 2] Vepda-g o 4= 313l
om, 714el A% pCHy>p-H > pNO, 292 27}t
et o] uf A el x] 2] gheef v B E AR
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=
o
E
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X-  Y-CeHas AH™ —-AS™® AG™® Ed
GHN COCl 1 200 500 1000 1 200 500 1000 1 200 500 1000 1 200 500 1000
CH/N pCH; 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 68.33

p-H® 6242 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 63.60

p-NO. 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 51.96
6-Cl- p-CH; 7162 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 72.77
CHN p-H® 6542 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 67.03
p-NO, 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 56.70

A\H*: KJ - molé?, PAS®: J - molé*- K, °AG™: KJ - mole?, “Ea : KJ - mole
p-H: Benzoylchloridepressure: bar
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Fig. 2. Pressure dependence of activation energy for the 6
chloroquinoline and quinoline with benzoylchloride in ace-

-AS(J « mol* + K™')
Fig. 3. The relation of activation entropy vs. activation vol-
ume for the reaction of 6-chloroquinoline and quinoline with
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Table 3. Hammetipy andpx values for the reaction between

substituted benzoylchlorides(¥6,COCI) and quinolines(X-

CsH/N) in acetonitrile at various temperatures and pressures

X-CoHN Temp. il
(°C) 1 200 500 1000 bar
10 0.918 0920 0923 0940
CHN 15 0.848 0.852 0.867 0.889
5 20 0.787 0.792 0.800 0.813
25 0.769 0.771 0.776 0.795
10 0.899 0.905 0911 0917
15 0.836 0.849 0.859 0.866
6-CICoHN
G 20 0.775 0.787 0.791 0.800
25 0.758 0.760 0.769 0.777
Temp. —Px
Y-CeH,COCI
o cc 1 200 500 1000 bar
10 1629 1.974 2060 1.832
15 1551 1.952 1.919 1.675
-CHyCsH.COCI
P-CH:CaHs 20 1564 1.905 1.965 1.709
25 1.387 1.739 1.848 1.581
10 1678 2.089 2203 1.936
15 1595 2.015 2.126 1.866
H.COCI
CoHs 20 1.619 2.008 2.105 1.817
25 1457 1.927 2.045 1.791
10 2.132 2.705 2.821 2.566
15 2194 25593 2.602 2.374
-NO,CeH/COCI
P-NOLCeH: 20 2.246 2.588 2.659 2.377
25 2033 2426 2522 2279

Aol FAHIEE efnlslaL, S(-)8 pgkel AT ke
Aol <ke] shxle] AAEE S8}, Table 344
Py Bk 27 <kel s eI glem, ghe] Ft
el ) py Fe AR Ao Fbeka g} o) 7]
9] Wk 4] 22 o] AAE Aol e FEE
onlah, §heo] F7i3tel] whe} 2| 37]o sk Az}
F 5| v2 Flsle] X3 A3t 32Tt v
FAA-e- VehAe}h, Hammettpol] o3k ob8) o]&a)e v}
o 213} 7ol el 4= glv)

9/]
B

AG" = —2.303RTpo (10)
£
+_ OAG O __ Pp0
ave = BE2-H=-2.303RTo T8 (11)
AV = 2.303RTg 220 (12)

PO’

ogf3t A= AVTRILR F¥ X3 A o7} B
75 AV Fhel F7kele] 2] (128 2 (0ploP)
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