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ABSTRACT, Kinetic studies for the nucleophilic substitution reactions of benzyl halides(para-
substituted benzyl bromides and benzyliodide) with substituted pyridines in MeOH-MeCN mixtures
have been carried out in order to elucidate the reaction mechanism. Cross interaction coefficient,

pxy values suggested that the reactions between benzylhalides and substituted pyridines exhibit an

y),
coefficient a, s, afs values were illustrated. Kinetic results were compared between potential energy

dissocitive Sy2 mechanism, Hammett (px, Brensted Sy and solvatochromic correlation

surrface model and quantum mechanical model. The quantum mechanical approach showed to be
consistent with kinetic results,
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Table 1. Second order rate constants, k{xX10¢M™2
sec™), for the reations of Benzylbromides (Bb} and
Benz vliodide (BI) with Pyridines in MeOH-MeCN
mixtures at 50°C
o | o
viv
| @B

X=P| P—

—EHQ CHa H |m—Br|P—CN

100 P-CH; | 152 | 50.5 | 32 11.9| 5.31
H 76.71 21.4 | 13.5 | 4.701 2. 24
P-Ci 31.6 7.40; 4.20| 1.4l 0.513

90 | P-CH; | 210 |54.7(38.0)|13.6| 6.91
H 113 | 26.8)|16.0| 5.60 2.58
P-C1 50.1; 10.9 | 5.47 | 1.77] 0.793
80 | P-CHy | 263 (69.2|43.2( 15.8 7.24
H 158 | 38.0(22.9| 7.80f 3.47
P-Cl 81.316.219.33 | 2.79 1.12
70 PCH; | 355 |85.1]|52.5]| 16.6] 7.40
H 214 [50.1]29.6| 10.0, 3.98
P-Cl | 138 [290.5]|17.2] 4.17} 1.82
50 P-CH; | 631 | 141 [83.2|26.3| 11.5
H 437 91.4 52.5156.1 6. 46
P-Cl | 263 50.11 27.5| 7.24] 2.89
100 117 32.4] 21.8 | 7.08 3.40
90 174 44,2 28.718.99 3.75
80 208 47.5 32.9 1 9.09 4.47
70 BI 315 67.4] 40.5 | 11.7 5.11
50 478 83.9 61.1|15.9 6.55

At

23 9%g 45 A5 ZeE ¥5 Hammett
FAAL oy & F3le] Tabe2d] 29 gt

px el 25 &9 & ve W AL Ao
Ao Aq AYA 2 FE 7| A28 3FH o] Fol
Lol AFAY g T4 N YA ¥3A
o] AAHRE-& 2ol P},

=& 7139 At AR WA dTF F
e B Ak ol A¥IAY A= 7)A
9 A&7 AAEA A4S o AAP-E o
e}, Fig.19) MeOH ol 4 w23 WA= A4
2 Aol 9 wr-go) W3 Bronsted" TAE 31
Edl & AA4GE Bolx Y. 474 o
# 49 X 2r|ZF P—NH, & proton accepter §
29 71 27 ojlmz



418 KR - FOR
Table 2. The Hammett py values*
MM | Y=P—CH, H P—Cl 2.5t o
100 —1.10 —1.16(—1.17)* —~1.34
90 —112 —-L24(-126) -137 {
80 —1.18  —1.25(—1.27)  —1.40 20
70 —-1.27 —1.30(—1.36) —1.44 o &
50 —1.32 —1.39(—1.40) —1.47 i /
« Correlation Coefficient; r>0.998. ¢ py values ! 5: e
for the Benzyliodide substrates. o /‘
g o 4
Table 3. The Bronsted fy values M
MeOH —p_ L ]
MO | y—p—cH H P—Cl < B
100 0.24 0.24 0.28 0.5+ .
-O- = b -Cll
9% 0.25 0.27 0. 29(0. 998) - © 3
80 0.24 0.25 0.28 A Te s
70 0.25 0.28 0.30 ool ® Oy
50 0.26 0.28 0.30 20
« Correlation Coefficient; r>0.998. /HJ
2 4 6 8
Table 4, The Hammett py values® PKa (Pyridine)
MeOH | X=P N Fig. 1, The Bronsted plots for the reactions of
(v/v)% | —NH,; P—CH; H m—Br P-CN Benzyl bromides with Pyridines in MeOH.
100 -1.70 —2.08 —2.20 -—-2.31 -—-2.5%
-1.57 =176 -—2. -2. -2 .. =
7 | 102 -115 —121 —Ls2 —1.52  Table 4ol ASt Zol oy & BF ] %T 2
50 | —0.951 —1.12 —-1.20 —-1.40 —1.36 olz Yod VYA S5 A wAz 2

¢ Correlation Coefficient; r>>0.995. ° Correlation
Coeflicient; r=0.992.
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Table 5, The cross interaction constants, p;;, for
the reations of Benzylbromides with Pyridines in
MeOH-MeCN mixture

({f,’}ﬁgg 100 9% 8 70 S0
ox | —-119 —1.28 —1.27 —1.33 —1.39
v | —216 —198 —1.68 —L27 —1.23
oxrt | —0.61 —0.62 —0.58 —0.43 —0.43

¢ Correlation Coefficients; r>0.999.

Table 6. Solvatochromic Coeflicients a, s, and afs
values for the reations of Benzylbromides with Pyi-
dines in MeOH-MeCN mixtures

Y [X=P-NH, CHy, H m—-Br P—CN
8 —3.44 —3.15 —3.11 —2.45 —2.39

P— | s —4.8 —49 —507 —3.98 —3.95
CHs|ats 0.70 063 0.61 067 0.6l
r 0.990 0.960 0.982 0.960 0.962

a —3.60 —4.02 —2.92 ~1.81 —2.16

g | s-48 310 -38 -167 —2.74
als 0.77 1.30 0.7 108 0.79

r 0.987 0.980 0.975 0.969 0.967

8 —~3.18 —3.26 —2.44 —2.86 —2.40

pc)| ® —262 —332 -146 -3.03 —1.83
afs 118 0.89 1.2 0.9 1.31

r 0,990 0.989 0.976 0.977 0,993

r=Correlation Coefhcients,
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Fig. 2 Potential energy surface for nucleophilic sub-
stitution of Benzyl Bromide.
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