Journal of the Korea Academia-Industrial https://doi.org/10.5762/KAIS.2018.19.8.378
cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 19, No. 8 pp. 378-384, 2018

CoH/;NHCrOsClol 2J3F €3 &79] Ashkgox] S8
w7l E

1 1* A XR2
t—'.*%:'_’&, ?:!%'&! , 7::'—!-‘5
'ZYcstm mYsH, tattistm AlAHSEIZ St

Kinetics and Mechanism of the Oxidation of Alcohols by
CoH,NHCrO:Cl

Young-Cho Park', Young-Sik Kim", Soo-Jong Kinr’
"The School of General Studies, Kangwon National University
2Depaltment of Advanced Materials & Chemical Engineering, Halla University

L
= IS 7] 7HA] £ St Al GHNHCIO:ClS: ©]-8-3te] Wid d5&9] Abshike-& S4% 23, v
L (e), ©] S7Fgtel w} vk F&o] F7Hth 11 A= DMF (NN-H g 2 5oln| = g
AEFzdA otk DMF &v 3lollA CHNHCrO:ClES: o]-&3ke] o] 714 damg&Fo
CoHyNHCrO:Cl e 43, o4 d3E, dx 43g 9 o|A 4ZE&HFE 10 Ul-&3h= Ldls
2 ATz ZEAQ] AFSHAIATE DMF &0 8toll A CGHNHCrO;CLE: o]-8-8te] of#] 7HA] dsi&-/of Mgl Akt
& 349 A7, GHNHCrOClE o) da&5 EA) stllA il 438, 4 438, da 4= al
A Ak HS0s Z0lE o]8-3F DMF 41 3ol A, CoHNHCrO:Cl> wi2
m-OCHz, m-Cl, m-NOy) & EHA 02 AsIA AT H4 ) 2552 B 3}
WS £E2 Z7MA2 1, Hammett HHAE (p) 362 - 0.69 (308K) ©IRAth ¥ Ao &3.8-0] Abauk
AN A asl Hel7t dofyith

(n o
‘T
olo
tlo
E\
oX,
ot
b3
“:\_l‘

Abstract CoH;NHCrO;Cl was synthesized by reacting CoH7NH with chromium (VI) trioxide. The structure of the
product was characterized by FT-IR (Fourier transform infrared) spectroscopy and elemental analysis. The oxidation
of benzyl alcohol by CoH;NHCrOsCl in various solvents showed that the reactivity increased with increasing
dielectric constant(e) in the following order: DMF (N,N'-dimethylformamide) > acetone > chloroform > cyclohexane.
The oxidation of alcohols was examined by CoH;NHCrO;Cl in DMF. As a result, CoH;NHCrO3;Cl was found to be
an efficient oxidizing agent that converts benzyl alcohol, allyl alcohol, primary alcohols, and secondary alcohols to
the corresponding aldehydes or ketones (75%-95%). The selective oxidation of alcohols was also examined by
CoHsNHCrO;Cl in DMF. CoH7NHCrOsCl was the selective oxidizing agent of benzyl, allyl and primary alcohol in
the presence of secondary ones. In the presence of DMF with an acidic catalyst, such as H.SO4, CoH7NHCrO;Cl
oxidized benzyl alcohol (H) and its derivatives (p-OCHs, m-CHs;, m-OCHjs, m-Cl, and m-NO,). Electron donating
substituents accelerated the reaction rate, whereas electron acceptor groups retarded the reaction rate. The Hammett
reaction constant (p) was -0.69 (308K). The observed experimental data were used to rationalize hydride ion transfer
in the rate-determining step.
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Fig. 1. IR spectrum of CoH7;NHCrO;Cl
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Table 1. Elemental analysis of CoH;NHCrO;Cl
Elemental [%)]
Complex
C H N (6] Cr
Caculated 40.68 3.03 5.27 31.96 19.06
Found 40.56 3.06 5.09 3248 19.12
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Table 2. Summarized results of oxidation of benzyl
alcohol by CoH;NHCrOsCl in DMF”

b) Yield of .
e’ at Time
Solvents 25°C benzalde- M)

hyde(%)”

cyclohexene 2.22 30 2.0
1,4-dioxane 2.21 35 2.0
carbon tetrachloride 2.24 55 3.0
chloroform 4.81 85 3.0
dichloromethane 8.93 85 3.0
acetone 20.70 90 2.0
DMF 37.00 95 3.0

a)Benzyl alcoholl.OOXLO'zmole) and CoH;NHCrO;Cl1(2.00% 10’2mole)
were combined in various solvents and then the mixtures were stirred
at room temperature.

b)Dielectric constant.

c)Yields were caculated on the basis of GC data.
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Table 3. Oxidation of benzyl, allyl, primary and

secondary alcohols by CoH;NHCrO;Cl in

DME”
Hydroxy compounds COC;ZJ;);:;S T;;S T(‘:;e
benzyl alcohol benzaldehyde 95 3.0
cinnamyl alcohol cinnamaldehyde 95 2.0
decyl alcohol decyl aldehyde 90 1.5
1-dodecanol 1-dodecanal 80 1.5
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phenethyl alcohol acetophenone 50 2.0
4-decanol 4-decanone 90 2.0
2-octanol 2-octanone 60 1.5
2-heptanol 2-heptanone 35 3.0

cyclohexane-
cyclohexyl methanol carboxaldehyde 75 3.0

a)Alcohols(1.00x10”mole) and CoHNHCrOs;CI(2.00x107 mole) were
combined in DMF and then the mixtures were stirred at room
temperature.

b)Yields were calculated on the basis of GC data.
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Table 4. Selective oxidation of benzyl, allyl, primary
alcohols in the presence of secondary
alcohols by CoH,NHCrO;Cl in DMF?

Mixtures of hydroxy Yields(%)b) of Time
compounds aldehyde/ketone (h)
benzyl alcohol / 85/ 20 10
4-decanol
benzyl alcohol /
phenethyl alcohol 75710 30
cinnamyl alcohol / 05 / 15 20
4-decanol
cyclohexyl methanol / 20/ 15 10
2-heptanol
1-dodecanol /
2 2.
phenethyl alcohol 80725 0

a)Alcohols(1.00x10”mole) and CoHNHCrO5;CI(2.00x107 mole) were
combined in DMF and then the mixtures were stirred at room
temperature.

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



A7 &8 3= A A19d AsE, 2018

3.5 CoH/,NHCrOsCIZ2 0|28t X|
=59 Mg £ nEt

Table 504 Vel vle} 2o

1=

s
ol
o =
olo

7] &9 AAE FE A87] p-OCHs, m-CH:9lA k
kol Z718t3ith Table 6914 yEhdl wle} o) AH™
b gel @, ASTF ol ghe Al

Table 5. Rate constants for the oxidation of substituted
benzyl alcohols” by CoHNHCrO;CIY in the
presence of acid[H,SO4]"

. Rate constant 1 Osk(s'])
Substituents
303K 308K 313K

p-OCH; 591 7.26 9.40
m-CH; 5.62 6.90 9.30
H 4.56 548 6.89
m-OCHj; 3.33 4.65 6.27
m-Cl 2.20 3.15 4.63
m-NO, 1.19 1.25 2.41

a)5.00x10”mole.  b)5.00x10”mole. ¢)5.00x10mole.

Table 6. Activation parameters for the oxidation of
substituted benzyl alcohols in table 5

) AH” AS” AG”
Substituents n el -1
(KJmol") (Jmol'K") (KJmol")
p-OCH; 32.3 -111 71.2
m-CHj 35.7 -110 70.1
H 25.4 -131 71.5
m-OCH; 40.8 -95 73.6
m-Cl 48.6 -80 74.9
m-NO, 47.1 -76 75.4
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Fig. 2. The Hammett polt for the oxidation of substituted
benzyl alcohols” by CoH/NHCrO;CI” in the
presence of H,SO,” at 308K. a)5.00x10mole.
)5.00x10”mole. ¢)5.00x10”mole.
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