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Abstract  Cr(VI)-heterocyclic complex[Cr(VI)-2-methylpyrazine] was synthesized by the reaction between of
heterocyclic compound(2-methylpyrazine) and chromium trioxide, and characterized by IR and ICP analysis. The
oxidation of benzyl alcohol using Cr(VI)-2-methylpyrazine in various solvents showed that the reactivity
increased with the increase of the dielectric constant(e ), in the order : cyclohexene <chloroform <acetone
<N,N-dimethylformamide(DMF). In the presence of DMF solvent with acidic catalyst such as hydrochloric
acid(HCI solution), Cr(VI)-2-methylpyrazine oxidized benzyl alcohol(H) and its derivatives(p- CH3, m-Br,
m-NO2). Electron-donating substituents accelerated the reaction, whereas electron acceptor groups retarded the
reaction. The Hammett reaction constant(o ) was Cr(VI)-2-methylpyrazine= -0.65(308K). The observed
experimental data have been ratiolized. The hydride ion transfer causes the prior formation of a chromate ester
in the rate-determining step.

Key Words : Chromate ester, Hydride ion transfer, Hammett reaction constant(o ), Rate-determining, Step.substituted
benzyl alcohol.
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[Fig. 1] Mechanism of the oxidation of substituted benzyl
alcohols by quinolinium dichromate
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[Fig. 2] Cr(VID)-2-methylpyrazine[CsHsN,HCrO5Cl]
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[Fig. 3] IR spectrum of Cr(VI)-2-methylpyrazine
[C5H6N2HCI‘O3C1]]
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[Table 1] Elemental analysis of Cr(VI)-2-methyl-pyrazine

Complex Elemental

gai;“;?t;d c H N O Cr
sHeN,H-

CrosCl 26.05% | 3.06% | 12.15% | 36,24% | 22.50%
Found 26.32%| 3.37% | 12.29% | 35.39% | 22.55%
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[Table 2] Summarized results of oxidation of benzyl
alcohol using Cr(VI)-2-methylpyrazine in
various solvents”

Yield of
eat benza- .
Solvents 25°C Idehyde Time(h)
(%)
cyclohexene 222 32 1.6
1,4-dioxane 2.21 36 2.0
carbontetrachloride 2.24 57 1.7
chloroform 4.81 85 2.2
dichloromethane 8.93 87 2.1
acetone 20.70 91 1.7
N,N’-dimethylform- 37.00 94 22
amide

a) Benzyl alcohol(1.00x10”mole) and Cr(VI)-2-methylpyrazine
(2.00><10'2mole) were combined in various solvents and
then the mixtures were stirred at room temperature.

b) Dielectric constant.

¢) Yields were calculated on the basis of GC data.
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[Table 3] Rate constants for the oxidation of substituted
benzyl alcohols” using Cr(VI)-2-methylpyrazine”
in thepresence ofacid[HCI]”

Substituents Rate constant10’k (s™)
303K 308K 313K
p-CH; 6.01 7.82 8.19
H 5.05 4.65 6.22
m-Br 2.99 2.96 3.85
m-NO, 2.08 2.33 3.04

2)1.00x10" mole.  b)1.00x10°mole. ¢)5.00x 10 mole.

[Table 4] Activation parameters for the oxidation of
substituted benzyl alcohols in Table 3

[Table 5] Rate constants for the oxidation of substituted
benzyl alcohols” using Cr(VI)-2- methylpyrazineb>

Substituents Rate constant10’k s™h
303K 308K 313K
p-CH; 4.08 493 5.57
H 3.76 4.39 4.34
m-Br 3.01 3.12 3.95
m-NO; 2.58 2.79 3.24

a)1.00x 10" mole. b)1.00% 10 mole.

[Table 6] Activation parameters for the oxidation of
substituted benzyl alcohols in Table 5

Substituents AH 1 AS T 1 AG™ 1
(KJmol™) (Imol'K7) (KJmol")

p-CH; 18.12 -259 101.954
H 17.97 -251 102.890
m-Br 19.98 -247 103.120
m-NO, 21.93 -220 104.374

el 3 79} 3 S04 AF SohE AZSHA ok AL
319 FEE =9 AL, p-CH;2F m-Br, m-NOoj|A] k
ghol AstA| 9] w27} W mje} AA Ao} gle AL
2 Ko} 48k ¢] FE7) ARSES &kof Ao JkE
W34 ope Ao ek

[Table 7] Rate constants for the oxidation of substituted
benzyl alcohols” using Cr(VI)—Z—methylpyrazineb]

Substituents Rate constant10’k (s'l)
303K 308K 313K
p-CH; 4.89 4.79 5.39
H 3.25 3.98 5.06
m-Br 3.02 3.07 4.69
m-NO, 2.55 2.62 3.56

Substituents AH 1 AST 1 AG#I
(KJmol™) (Imol'K7) (KJmol")

p-CH; 26.89 -236 101.634

H 31.24 =227 101.257
m-Br 36.79 -234 101.154
m-NO, 39.97 =222 102.937

Egt 3 59F 3 604 A ZuiE H7leHA] ok 7,
: p-CH; ojl4] k o]

r_|>:,‘
4

Z0E H71HS mje} vl e,
]_—/l\_sl_(}jj\:ﬂ_’ ;‘(j;(]_g_ T?:]'-‘E— f(]:’:z]"7] m—Br, m-NOZOﬂA_] k %}:
| 23 2713 Aoz Hol, & AATHA oA AF Zuf

oN

[*]
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)1.00x 10" mole. b)3.00x10”mole.

[Table 8] Activation parameters for the oxidation of
substituted benzyl alcohols in Table 7

Substituents AH 1 AST 1 AGi
(KJmol™) (Jmol K7)  (KJmol™)

p-CH; 20.13 -240 102.468

H 23.07 -251 103.273
m-Br 2391 217 103.824
m-NO, 25.28 =227 104.572
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[Fig. 4] The Hammett polt for the oxidation of

substituted benzyl alcohols” by Cr(VI)-2-
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