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Abstract  Cr(VI)-4,4'-bipyridine complex(4,4'-bipyridinium dichromate) was synthesized by the reaction of
4,4'-bipyridine with chromium trioxide in H,O, and characterized by IR, ICP. The oxidation of benzyl alcohol
using 4,4'-bipyridinium dichromate 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. In the
presence of hydrochloric acid(HCI solution), 4,4'-bipyridinium dichromate oxidized substituted benzyl alcohols
(p-CH3;, H, m-Br, m-NO,) smoothly in N,N'-dimethylformamide. Electron-donating substituents accelerated the
reaction, whereas electron acceptor groups retarded the reaction. The Hammett reaction constant(o ) was
-0.63(303K). The observed experimental data have been rationalized as follows; the proton transfer occurs
after the prior formation of a chromate ester in the rate determining step.
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[Fig. 1] Mechanism of the oxidation of substit-uted benzyl
alcohols by quinolinium dichromate
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Temp: 40°C-80°C, 10°C/min(FID)

Flow rate: N(7mL/min)
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cr B A, v(Cr-O-Cr)-& 770cm”, 760cm” H-o| 4] &
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[Table 1] Elemental analysis of 4,4’-bipyrid-inium dichromate
Complex Elemental
Calculated C H N (0] Cr
(C10HsN,H),Cr,07|(45.27)| (3.42) | (10.56)|(21.14)|(19.61)
(M.W=530.42) % % % % %
Found
45.10 | 3.38 10.37 | 21.50 | 19.60
(C10HsN2H)-Cr>0,

3.2 4,4'-Bipyridinium dichromate?| s&E H
stoll T2 WA YmBO| MBHIS T
4,4'-Bipyridinium dichromate®} &322 AkshiES-of
A Hmel mEulg o] ool WA A
1.00x10”moleo|| T3} 4,4"-bipyridinium dic- hromate2] 5
L5 WHIA|7|HA DMF -gufstel A 22t ¥-g-A1A GC
2 B3 A1} 1Y 490 7o L}E}LHME}
4 4-bipyridinium dichromate 5.00x10” mole%!
Gagof th-gotz AU S| =9 2 4~
A3, 1.00x10"moled w] 71%, 1.50x 10”mole2]
2.00x10" mole o] 91%, 2.50x10° mole o 91%E Z+
2 et o5 B 2417 ol FREE 48 gol
AAJstS H it Ad A} 4.4 b1pyr1d1n1um dichromate
) SRl 219 O 4 e 288

9L, WRSAIZRS. R E 2o EABE & 5 )

w] g
-5-0] 42% 9]
o 82%,

Transmittance (%)
—
—
_{
Loy
-_T’-:'i;—

4000 3500 3000 2500 2000 1800 1500 1400 1200 1000 800 600 400
Wavenumber {¢m?)

(32 3] 4g4-ulmlelgls tlazojol=e] 29) =g
(IR) [(C 10H3N2H)2Cl‘207]

3] IR spectrum of 4,4 -bipyridinium dichromate
[(C10HsN-H)>Cr,07]

[Fig.

465

Yield (%)

40

35 ~8=10mol
—4—15mol
10 = 20mol

—#=25mol

0 50 100 150 20
Time( min)

(32 4] 44-vaejdE tazeolEE o835 wWld o
Erpp et

[Fig. 4] Oxidation of benzyl alcohol by 4,4’-bipyridinium
dichromate
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[Table 2] Summarized results of oxidation of benzyl
alcohol using 4,4’-bipyridinium dichromate in
various solvents”

Yield of
bp %t benza-
Solvents Co” | 25°C | idehyde | "

(%"
cyclohexene 82.5 222 33 1.6
1,4-dioxane 101.3 2.21 35 1.8
carbontetrachloride 76.8 2.24 56 1.6
chloroform 61.2 4.81 84 1.9
dichloromethane 39.8 8.93 86 2.0
acetone 56.3 20.70 88 1.6
N,N’-dimethylform- | 152.3 37.00 91 2.0

amide

a) Benzyl alcohol (1.00x 10'2mole) and 4,4’-bip-yridinium
dichromate (2.00x10mole) were combined in various
solvents and then the mixtures were stirred at room
temperature.

b) Boiling point at 760 torr. c) Dielectric constant. d) 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 4.4 -bipyridinium dichromate”
in the presence of acid[HCl]C>

. 105k(sec'l)
Substituents 303K 308K 313K
p-CH; 5.89 7.19 8.38
H 4.51 4.90 6.29
m-Br 2.49 3.10 4.11
m-NO, 1.93 2.39 293

)1.00x10"'mole. b)1.00x10”mole. ¢)5.00%10 mole.

[E 4] % 49] A3 913 F2L50] Askabst vhebul

[Table 4] Activation parameters for the oxidation of

substituted benzyl alcohols in Table 3

Substituent AH™ AS” AG™

ubstituents (KJmol™)  (Jmol'K™")  (KJmol™)

p-CH 28.07 245 101.045

H 32.10 228 102.276

m-Br 36.00 218 103.502

m-NO, 41.05 205 104.680
3 F 59 E 604 A ZE 7SR B2 A4S,
At Z2iE H7EE wio} BlwsiEE, p-CHs oA k Zhol

Zashgla, AAE W A87] mBr mNOoA k gk
27kt B0 Hok SEARTA A A S)
ZAE E0) GO AL S EHAYIE
Ao Azt
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[Table 5] Rate constants for the oxidation of substituted
benzyl alcohols” using 4,4-bipyridinium dichromate”

‘ 10°k(sec™)
Substituents 303K 308K 313K
p-CH; 4.01 4.29 5.18
H 3.62 492 4.52
m-Br 2.89 3.33 4.00
m-NO, 2.68 248 333

2)1.00x 10" mole. b)1.00%10>mole.

[E 6] & 59] X8 W Am-25] 418t B3} wfeole
[Table 6] Activation parameters for the oxidation of

substituted benzyl alcohols in Table 5

Substituents AH 1 ASi 1 AGi
(KJmol™) (Imol K™) (KJmol")
p-CH; 18.35 -265 102.230
H 17.60 -250 103.095
m-Br 20.05 -245 103.500
m-NO, 22.00 -210 104.110

et 3 79F 3 8oflA] AF S HrhehA] Ghar A
A sEE =2 A% p-CH; £ m-Br, m-NOo|A| k
ghol AsHA 9] FE7) W& wie} A Zol7} gl AL
2 Ko} ABkA| 9] FE7} ASES &Ll Ao dRE
wAA] g Ao Az

2]
=

[# 7] 44-v]0)2|dE HIEHo|EE o] &3k X% Hl

AT LT HSE HE A5
[Table 7] Rate constants for the oxidation of substituted
benzyl alcohols” using 4,4’-bipyridinium dichromate”

. 10°k(sec™)
Substituents 303K 308K 313K
p-CH; 4.18 445 5.20
H 3.57 4.07 4.95
m-Br 2.93 3.13 4.90
m-NO, 2.75 2.98 3.92

)1.00x 10" mole. b)3.00x10>mole.

[&# 8] 3 69] 2|2 wid
[Table 8] Activation parameters for the oxidation of

=
dEF

o 3¥s} 243} setole

substituted benzyl alcohols in Table 7

Substituents AH 1 AST 1 AG#]
(KJmol™) (mol' K™) (KJmol")
p-CH; 19.90 -240 102.236
H 22.95 -255 103.455
m-Br 24.88 -218 103.635
m-NO, 25.40 -225 104.285
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