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Abstract Cr(VI)-heterocyclic complex[Cr(VI)-isoquinoline] was synthesized by the reaction between of heterocyclic
compound(isoquinoline) and chromium trioxide, and characterized by IR and ICP analysis. The oxidation of benzyl
alcohol using Cr(VI)-isoquinoline 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)-isoquinoline oxidized
benzyl alcohol(H) and its derivatives(p-CHs, m-Br, m-NO,). Electron- donating substituents accelerated the reaction,
whereas electron acceptor groups retarded the reaction. The Hammett reaction constant(p) was -0.69(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.
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[Fig. 1] Mechanism of the oxidation of substituted benzyl
alcohols by quinolinium dichromate
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[Fig. 31 IR spectrum of Cr(VI)-isoquinoline[CoyH;NH),Cr,O7]
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[Table 1] IR Spectrum of Cr(VI)-isoquinoline

Wavenumber (cm™)
Compound Vasym. Vsym. v
v (N-H)|v (C-H)
(Cr-0) | (Cr-0) | Cr-O-Cr
(CoH;NH), | 950, 710
880 3450 | 3050
CI‘207 930 760

[Table 2] Elemental analysis of Cr(VD)-isoquinoline

Complex Elemental

(Ccall‘:‘lull\?:)d C H N 0 Cr
STV 1 45.73% | 3.38% | 5.19% |23.87% | 21.83%
CT207

Found | 45.30% | 3.32% | 5.72% |24.40% | 21.20%
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[Fig. 4] Chromatograms(GC) of (a)benzaldehyde
standard and (b)oxidation of benzyl alcohol
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[Fig. 5] Oxidation of benzyl alcohol by Cr(VI)-isoquinoline
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[Table 4] Rate constants for the oxidation of substi-tuted
benzyl alcohols” using Cr(VI)—isoquinolineb) in
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[Table 3] Summarized results of oxidation of benzyl
alcohol using Cr(VI)-isoquinoline in various

solvents”
at Yield of
Solvents o benzaldehyde [reaction tim
25°C Q)
(%)
cyclohexene 222 28 1.5
1,4-dioxane 2.21 34 1.7
carbontetrachloride 224 54 1.9
chloroform 4.81 86 2.1
dichloromethane 8.93 84 2.0
acetone 20.70 90 1.6
N,N’-dimethylform- | 37.00 94 2.0
amide

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

b) Boiling point at 760 torr. ¢) Dielectric constant.

d) Yields were calculated on the basis of GC data.

ek EOﬂ . o
thepresence of acid[HCI]
5 Bt
o] =73k . 10°k(sec )
= ° ]’e Substituents 303K 308K 313K
p-CH; 5.92 7.15 7.94
H 4.38 4.47 6.86
m-Br 2.29 2.78 4.54
m-NO; 1.81 2.26 2.79

2)1.00x10"'mole.  b)1.00x10”mole. ¢)5.00x10mole.

[Table 5] Activation parameters for the oxidation of
substituted benzyl alcohols in Table 4

Substituents AH” as” AG™
KImol™)  @mol'K™")  (KImol™)
p-CHs 27.24 245 100.547
H 30.64 224 100.974
m-Br 36.86 217 101.869
m-NO, 4058 214 103.176
I8 6, 7oA A EWE H7FekA] o2 A9, A

S H7HIE wfe} Hlas R, p-CH;s oA k gho] 3
4351931, AAE W= 2)37] m-Br, m-NO; oA k Fhol
5 371 Ao Hol, LmAATA A A Fule]
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[Table 71 Activation parameters for the oxidation of
substituted benzyl alcohols in Table 6
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Substituents AH 1 AST 1 AG #1
(KJmol™) (Jmol K7)  (KJmol™")

p-CH; 19.21 -257 101.524

H 17.85 -261 102.126
m-Br 19.96 2215 102.378
m-NO, 21.89 -223 103.965
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[Table 8] Rate constants for the oxidation of substi-tuted
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[Fig. 6] The Hammett polt for the oxidation of substituted
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Substituents 303K 308K 313K benzyl alcohols. by Crc()VI)— isoquinoline™ in the
presence of acid [HCI]” at 308K.
p-CH; 3.82 4.76 4.82 a) 1.00x10"mole. b) 1.00x10"mole.
H 3.37 3.84 5.04 ¢) 5.00x10”mole.
m-Br 3.02 2.96 5.16
m-NO, 2.81 3.10 4.09 aEoe B ASA7E E5he] Mahant S[4-7]0] B
2)1.00x10" mole.  b)3.00%10”mole. 3 I 194 W7 E&E 12ks|E W, Scheme I o] A
€ Y& AFA o] WSS o), =AY AA A 4
[Table 9] Activation parameters for the oxidation of o7} 2R A o7 Jojukn g 313} Ao a5
substituted benzyl alcohols in Table 8 9] 0-9]7] BtAo] FolLo] WAELE ARZE =O p
) AH™ AS” AG™ Zkol oA=h 12y Scheme IofAE 433} 32
Substituents Kimol™ Tmol 'K Kimol™
(KImol ) Umol'K) (Kimol) Ato] ¥hgE uj Azujo|E olxE27} WA FHH F
p-CH; 2033 263 101,879 sk Aejol A ABAIS] y-912]Q] Cr(VI)o] oFol&o]
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Mg o k%4 77 Aol ko o A} :
m-Br 25.20 218 102.685 o oﬂ»——i ]%]‘ ] ~_§—‘-]' }' —|0'1 P D‘%k ] 0:]]?%1:]—
m-NO, 26.05 247 103.792 a8BR By F39 p=-1.71 gkl vls|, & AFeA
AL =069 o] B e o gho] Lhehta, 4 o)
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[Fig. 7] Mechanism of the oxidation of substituted benzyl
alcohols by Cr(VI)-isoquinoline(IQDC).
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