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Abstract

The oxidation of cyclohexane to cyclohexanone proceeded by adding hexylviologen as an electron mediator to an
air-equilibrated acetonitrile suspension containing cyclohexane as a substrate, benzoic anhydride as a cleaving reagent of the
dioxygen O=0O bond, and insoluble zinc powder as a reductant. When cyclohexene, rather than cyclohexane, was used as a
substrate for this system, alylic oxidation products, such as 2-cyclohexene-1-one and 2-cyclohexene-1-ol, and a C=C bond oxidation
product, such as cyclohexene oxide, were obtained. The oxidation mechanism was investigated by adding
3,5-di-tert-butyl-p-hydroxyltoluene(BHT) as a radical inhibitor into this system and discussed in relation to the redox properties of
the chemical species contained in this system. The active oxygen species for the oxidation of cyclohexene to 2-cyclohexene-1-one
and 2-cyclohexene-1-ol and that for the oxidation of cyclohexane to cyclohexanone and cyclohexene to cyclohexene oxide may be
benzoylperoxy! radical (CsHsCOOO ") and benzoylperoxide ions (CsHsCOOQ'), respectively.
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Tablel Structura formula and half-wave potential
(Ewo/V vs. Fc'/Fc) of reduction® of viologen in
acetonitorile at 25°C.

Viologen Sructural famula Eus
\Y
PDQ2 N -0.94
CH;CH,-CH,

R +
HV2 CH(CH s P—Q ,N(CHsCHs -0.83

+ +
QUGN o
R<F . + R_(F
FBV2* ,;QCHZ-\-/H\‘,N-CHZQ F -0.65
FF F F

%Concentration of viologen: 5x10™M, supporting
eectrolyte 0.1IM BusNCIO,4, scan rate: 100mvVs?,
working electrode: glassy carbon disk with 0.07 cm?

area.

[Cyclohexanone]/10*M

0
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E,,/V vsFc'lFc

Fig.1 Relation between the half-wave potential of
viologen and the amount of the produced
cyclohexanone in air-equilibrated aceronitorile
suspension containing 1x 10°M viologen, 7.3x
10°M  zinc powder, 4.2x 10°M benzoic anhydride

and 0.49M cyclohexane at 30°C (reaction time:8h).

Table 1|2V B4 1 47 L 3B KOS &
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Fig.2 Dependence of the amount of the produced
cyclohexanone on the concentration of BVZ in
air-equilibrated aceronitorile suspension containing
7.3x 10°M  zinc powder, 42x 10°M benzoic
anhydride and 0.49M cyclohexane at 30°C(reaction
time:8h).
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Fig.3 Dependence of the amount of the produced
cyclohexanone on the concentration of benzoic
anhydride in air-equilibrated aceronitorile suspension
containing 1x 10°3M BV?, 7.3x 10°M  zinc powder
and 0.49M cyclohexane at 30°C(reaction time:8h).
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Fig.4 Dependence of the amount of the produced
cyclohexanone on the concentration of cyclohexane
in air-equilibrated aceronitorile suspension containing
1x 10°M BV, 7.3x 10°M zinc powder and 4.2x

10M benzoic anhydride at 30°C(reaction time: 8h).
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Fig.5 Dependence of the amount of the produced
cyclohexanone on the concentration of zinc powder in
air-equilibrated aceronitorile suspension containing 1
x 10°M BV?#, 4.2x 10°M benzoic anhydride and
0.49M cyclohexane at 30°C(reaction time:8h).

Table 2 Amount of the oxidation producty(Q) of
cycloakane
Cyd alkane ?)fégﬁlcif’” QI10"M
o}
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dConcentration of reactants; 1x10°M  BV?,
7.3x10°°M zinc powder, 4.2x10°M benzoic anhydride
and cycloalkane (0.51M cyclopentane, 0.49M
cyclohexane and 0.39M cycloheptane, respectively).
Reaction temperature:30°C, reaction time:8h.
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Fig.6 Dependence of the amount of the oxidation
products(epoxide(1)(O), 1-one(2)([1)and 1-0l(3)(A))
on the concentration of zinc powder in air-equilibrated
aceronitorile suspension containing 1x10°M BV?,
4.2x10>M benzoic anhydride and 0.47M cyclohexene
at 30°C(reaction time:8h).
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Fig.7 Dependence of the amount of the oxidation
products(epoxide(1)(O),1-on(2)(L]) and 1-0l(3)(A))
on the concentration of benzoic anhydride in air-
equilibrated aceronitorile suspension containing
1x10°M BV?, 7.3x10®M zinc powder, and 0.47M
cyclohexene at 30°C(reaction time:8h).

3-3. BHT DHSHIZIE

PLEX Y, KRB TIZY 7 ettt ro7
UNMNLEREL TWD T VI AEOTEVERE R
L. v ruAFRrO TEEAR YV 7 uak Y
v a~nT 2D CHERERE L TWAHRE
THEOIEEREFERED 2 FEES AT 10, 11][FERIC
FRFIZRAEL TWD EHEE SNz, £Z T, N
RN T 2 BRIITEENLETH 505, 16
RFRFEOIE & OIENE, RUGHEE, WO T ¥
T NAEIEVERR B O LD O H 5] & P& %
ZEBIZHARDT=DIC, 3,5-V-t-T FL-p-b K
By hlxz i (4) BN 27 Vi Al L L
T L7,

CHs3

X
| =
(CH3)3C \7"~C(CHg)s

OH

I~

[Cyclohexanone]/10*M

0 10* 10° 107 10*
[BHT]/M

Fig.8 Dependence of the amount of the produced
cyclohexanone on the concentration of BHT(4) in
air-equilibrated aceronitorile suspension containing 1
x 10°M BV#, 7.3x 10°M znc powder, 4.2x
10°M benzoic anhydride and 0.49M cyclohexane at
30°C(reaction time:8h).
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Fig.9 Dependence of the amount of the oxidation
products(epoxide(1)(O),1-one(2)([1) and 1-0l(3)(A))
on the concentration of BHT(4) in air-equilibrated
aceronitorile suspension containing 1x10°M BV?,
7.3x10°M zinc powder, 4.2x10°M benzoic anhydride
and 0.47M cyclohexene at 30°C(reaction time:8h).
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Electrode potential/V vs. Fc'/Fc

Fig.10 Effect of the addition of BHT(4)(Solid line: OM, dotted line:1x 10°M, broken line:1x 10™M) on cyclic
voltammograms of O,-saturated acetonitorile solution(a), and that of (CsHsCO),0 ((Solid line: 0 M, dotted line:1
x 10°M, broken line:1x 10™M) on cyclic voltammograms of O,-saturated acetonitorile solution with 1x 10 M
BHT(b) containing 0.1M BusNCIO, as a supporting electrolyte at 25°C. Scan rate : 100 mV's*, working electrode :

glassy carbon disk with 0.07 cm? area
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EEZ BT,

4, £L®
n MR ORI T ~DOEFBENIR L TE
Fa U FERRNEF AT 42— 2 — L LTE
AL, A= RX—FFT FA 42 0,) BAEKT 5,
CTDA—=N—FF T FAF DT Y I ik
BHT (W IZ L VRSN D b OO, ZEFBREKY
((CeH5C0) ,0) & DEUSTED @ T8 (2 B

|5 i dE K
M OAFE T TR L BE&B: 7 ¥ /L (CH,C000 )

BIATDH, FLT, YZuantktro7 UL
ERELT 2-v7u~ttr-1-4 Q7R ED
T VN RS 2 AT D, WMEZEBET N
DS In IRICE > TRIEL 2V, b LT
TR~ DT VNIRRT AN EINR
TV DIZKIBEID In yREZTMLTHT UL
Mﬁé&%ié&btoé%__®7/WA#M§
PERREFEIL Zn I RSCA—/—FF L A AT
X o Tl BFEmT =7 (CHC000) [T S,
COWMEREFRT =4 PRV KRE LR
7=, vrua~ttroO_EESHLINTY 1
ANXP RV aANTE D C-HIEE BB LT
THRFV RO HDLWVIET FrEAKRTDS, 20
KEFHEORIEZ BFWRT =4 1% In BHKIZ
VB LENEETLILOD, V7 u~FkrD
- c§ R e VA= RN AN S = SN A V1))
C-H#H &0 & Z OIEMER & ORISTEN K E W

2. KiBFEO Zn yRZEM L TSI T
Bl L2 o 72, BAT@WIZ LD 0,0 DT 2 H V4l
OB NEVEERE R & FE O SOSPER /N S
T NT DEBEROSITR L TR E < 2
THEOIC, 7 aT IVl O L TiE%
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Scheme 1
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WD Uz, ARWFTEIC &L 0 3R S = OGS %
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