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Abstract
Cr(VI)-heterocyclic complex (2,4’-bipyridinium chlorochromate) was synthesized by the reaction between heterocyclic com-

pound(2,4’-bipyridine) and chromium trioxide, and characterized by IR and ICP analysis. The oxidation of benzyl alcohol
using 2,4’-bipyridinium chlorochromate in various solvents showed that the reactivity increased with the increase of the dielec-
tric constant (), in the order : N,N-dimet-hylformamide (DMF) > acetone > chloroform > cyclohexene. In the presence
of DMF solvent with acidic catalyst such as hydrochloric acid (HCI solution), 2,4’-bipyridinium chlorochromate oxidized ben-
zyl alcohol (H) and its derivatives (p-CH;, m-Br, m-NO,). Electron-donating substituents accelerated the reaction rate, whereas
electron acceptor groups retarded the reaction rate. The Hammett reaction constant (o) was -0.67 (303 K). The observed
experimental data have been rationalize the proton transfer occurred followed the formation of a chromate ester in the rate-de-
termining step.

Keywords: chromate ester, hydride ion transfer, Hammett reaction constant( 0), rate-determining step. substituted benzyl alcohol.
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32 /THquinolinium dichromate, pyrazinium-N-oxide chlorochromate, tri-

groupTHS

pyridinium hydrochloride chlo- rochromate, naphthyridinium dichromate,
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Figure 1. Mechanism of the oxidation of substituted benzyl alcohols by
quinolinium dichromate [Q].
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Figure 2. 2,4’-bipyridinium chlorochromate [C;,HsN,HCrO;Cl].
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Figure 3. IR spectrum of 2,4’-bipyridinium chlorochromate [C;oHsN,
HGO:Cl).
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Table 1. Elemental Analysis of 2,4’-Bipyridinium Chlorochromate
[C1oHsN,HCrO;Cl|

Elemental (%)

Complex
C H N (6] Cr
Calculated
C1oHsN,HCIOSCl 40.91 3.08 9.57 28.49 17.94
Found 40.38 3.40 9.46 28.32 17.77

Table 2. Summarized Results of Oxidation of Benzyl Alcohol Using
2,4-Bipyridinium Chlorochromate in Various Solvents”

Yield of

Solvents et 25 C benzaldehyde (%)° Time (h)
Cyclohexene 2.22 30 1.4
1,4-dioxane 2.21 35 1.8
Carbontetrachloride 2.24 55 1.3
Chloroform 4.81 84 2.0
Dichloromethane 8.93 86 2.0
Acetone 20.70 89 1.5
N,N’-dimethylformamide 37.00 93 2.1

2 Benzyl alcohol (1.00 x 10”2 mole) and 2,4’-bipyridinium chlorochromate (2.00 x
107 mole) were combined in various solvents and then the mixtures were stirred
at room temperature.

® Dielectric constant.

9 Yields were caculated on the basis of GC data.
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Table 3. Rate Constants for the Oxidation of Substituted Benzyl
Alcohols” Using 2,4’-Bipyridinium Chlorochromate” in the Presence of
Acid [HCI]®

Rate constant 10°k (s™) AH™ A48T AG™

Substituents
303 K 308 K 313 K [KJ mol™)(J mol"K™)(KJ mol™)

p-CH; 5.89 6.80 7.98 26.04 -238 100.467

H 4.67 5.12 7.03 30.83 -242 100.890
m-Br 2.95 3.34 3.96 36.95 -223 101.970
m-NO, 1.62 2.75 3.11 41.02 -226 103.483

9 1.00 x 10" mole
» 1,00 x 10° mole
9 5.00 x 107 mole

Table 4. Rate Constants for the Oxidation of Substituted Benzyl
Alcohols® Using 2,4’-Bipyridinium Chlorochromate®

Rate constant 10°k (s™) JH™ 48T AG™
Substituents
303 K 308 K 313 K (KJ mol™)(J mol'K")(KJ mol™)
p-CH; 4.86 5.01 5.81 18.31 261 102.074
H 3.55 4.16 4.47 18.04 248 103.264
m-Br 2.89 3.79 3.36 20.08 250 103.492
m-NO, 2.32 2.69 3.48 22.12 217 103.980

9 1.00 x 10" mole
» 1,00 x 10° mole

Table 5. Rate Constants for the Oxidation of Substituted Benzyl
Alcohols® Using 2,4>-Bipyridinium Chlorochromate”

Rate constant 10°k (s™) AH™ A48T AG™

Substituents
303 K 308 K 313 K [KJ mol™)(J mol'K")(KJ mol™)

p-CH3 5.09 5.26 5.43 21.96 -238 101.998

H 3.15 3.73 4.84 22.93 -241 102.967
m-Br 2.95 3.34 4.81 23.79 -221 103.824
m-NO, 2.41 2.70 3.49 25.07 -236 103.944

9 1.00 x 10" mole
» 300 x 10° mole
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Figure 4. The Hammett polt for the oxidation of substituted benzyl
alcohols” by 2,4’-bipyridinium chlorochromate” in the presence of acid
[HCI? at 303 K [?1.00 x 10" mole, ®1.00 x 10 mole, 95.00 x 107
mole].
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Figure 5. Mechanism of the oxidation of substituted benzyl alcohols by
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