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Abstract

The selective catalysis of manganeseporphyrins for the aerobic oxidation of the diffetdritddds of methyl cyclohexane was reported. The
effects of the peripheral substituents of metalloporphyrins and the reaction conditions on the catalytic selectivity were also investigdteohdt wa
that manganeseporphyrins are effective catalysts for the aerobic oxidatiefidi@ds of methyl cyclohexane. The results showed that the increase
of reaction temperature and pressure is benefited to selective oxidation of secortopils, and the concentration of catalysts does not signif-
icantly influence the oxidation selectivity of every gradelCbond. The electron-contributing substituents on porphyrin rings assist the selective
oxidation of the secondary-&H bonds, while the electron-withdrawing substituents are favorable to selective oxidation of the terfihbo@ds.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction 2. Experimental

The selective oxidation of alkanes has been extensively appli- The reagents were all obtained commercially without further
cated in the synthesis of chemical industry, medicine, spicepurification except that pyrrole was redistilled before use. Man-
and fine chemicalfl—-4]. Therefore, considerable efforts have ganeseporphyrins shownhig. 1were synthesized and purified
been made to investigate the methods of high-efficient selectivaccording to documented procedufs], their structures were
oxidation of alkanes under mild conditiofs-7]. Metallopor-  confirmed by IR, UV—vistH NMR and elementary analysis.
phyrins have recently been reported to be efficient catalysts in The methyl cyclohexane oxidation reactions were carried
the hydroxylation of alkanes; however, this catalysis system isut in a 500 mL semi-autoclave in which air was continuously
mostly employed to oxidize substrate with sole active centerfiowed. In a typical experiment, 350 mL of methyl cyclohexane
[8,9]. Few reports can be found on the direct selective oxidaand 5.0 mg of catalyst were added to the autoclave pressured to
tion of the different kinds of €H bonds of the same substrate 0.8 MPaby air. The reactants were stirred continuously at €40
[10-13] especially the aerobic oxidation of the low gradetC ~ for 2 h. After reaction completed, the autoclave was cooled to
bonds. room temperature. Then, oxidation products were detected by

It has already been reported by our group that the simpl&C-FID equipped with a 0.5mm i.dx25m PEG20000 and
metalloporphyrins have the excellent catalytic performances foHPLC with an UV (216 nm) detector and a Zorbax SB-C18
the oxidation of hydrocarbons with air in the absence of any4.5 mmx 250 mm) column.
assistant reductants or co-catalyit8—16] In this paper, the
selective catalysis of metalloporphyrins for the aerobic oxida-3 Results and discussion
tion of different G-H bonds of hydrocarbons in the system of =*

manganeseporphyrin—methyl cyclohexane—air was mvestlgatejg 1. The oxidation of methyl cyclohexane under the

in detail. . )
catalysis of manganeseporphyrins
* Corresponding author. Tel.: +86 731 8821314; fax: +86 731 8821667. Under the catalysis of the manganeseporphyrins, the
E-mail address: ccguo@hnu.net.cn (C.-C. Guo). oxidation products of methyl cyclohexane were identified
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Table 1
Effect of time onS
Time (min) Yield of tertiary Yield of secondary S
C—H products (%) C—H products (%)
30 0.63 1.89 3.33
60 1.36 4.19 3.25
90 2.33 7.21 3.23
120 5.45 17.04 3.20
150 5.75 17.97 3.20
180 6.21 19.38 3.20

Reaction condition: TPPMnCI, 5mg; methyl cyclohexane, 350 mL; pressure,
0.8 MPa; temperature, 15C.

products of different €H bonds of methyl cyclohexane over
time were listed infable 1
As can be seen that the oxidation products yields of both
by GC-MS and LC-MS. This reaction was shown insecondary and tertiary-@& bonds increased rapidly before
Fig. 2 120 min, and then slowed down. BSithanged little and main-
The products 1-5 were quantified by GC, and 6-8 by HPLCtains at 3.20-3.33, which means ti$akeeps invariable when
There are three kinds of-@1 bonds in methyl cyclohexane. the reaction time increases. Therefore, itis reasonable to employ
Product 1 was obtained by the oxidation of tertiaryfChond  § for evaluating the effect of manganeseporphyrins on the cat-
of methyl cyclohexane, and products 2-5 were obtained by thglytic oxidation of methyl cyclohexane. Consequently, the yield
oxidation of secondary €H bonds. Product 6 came from the of both secondary €H products and tertiary-€H products can
oxidation of 2, and the products 7 and 8 were the deep oxidatioBe calculated according to the data obtained at the moment when
products of 4 and $,18]. Therefore, products 2—8 were clas- the reaction occured for 120 min.
sified as oxidation products of secondaryHfCbond. From the
above analysis, it can be concluded that no primarii®@onds
oxidation reactions happened. Meanwhile, the yields of different-3- [/luence of temperature on selectivity
C—H bond products were calculated by the amount of methyl o )
cyclohexane which was converted to corresponding products, Influence of temperatu_re on the oxidation products of differ-
and the selectivity ratio of tertiary-G4 and secondary-cH (S) ent G-H bonds was investigated. The corresponding results were
was determined and defined as follows:

Fig. 1. Structure of T{-R)MnPPCI, R=0H, OCH, CHgz, H, CI.

the yield of all tertiary G-H bond oxidation productshe number of all tertiary €H bonds
~ the yield of all secondary-&H bond oxidation producfshe number of all secondary-& bonds
_ theyield of product 1 "
the whole yield of products 2—8

illustrated inTable 2 It can be seen when temperature increased
from 130°C to 150°C, S decreased from 5.2 to 3.2, indicat-
There exist 1 tertiary €H bond and 10 secondary-€l bonds ing that the selective oxidation of secondaryHCbonds can

in methyl cyclohexane. be enhanced by increasing of temperature. This may be caused
by the activation energy of different-& bonds. The activation
3.2. The changes of selectivity over time energy of secondary-H bond is relatively higher than tertiary

C—H bond, therefore, secondary-8 bonds oxidation products
When the temperature was at 180 the pressure at 0.8 MPa canbe more easily obtained than tertiartCbond under higher
and 5mg TPPMnCI as catalyst, the changes of the oxidatiofemperature.

OH
Metalloporphyrin OH O Q
- = + + + + + MOOH
Air 0
O
3 4 5 6

1 2
'\‘HOOC)\/\/COOH + HOOCAI/\/COOH

7 8

Fig. 2. Oxidation of methyl cyclohexane under the catalysis of metalloporphyrin.
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Table 2 Table 5
Influence of temperature dh Influence of peripheral substituents of manganeseporphyrf on
Temperature°C) Yield of tertiary Yield of secondary S Metalloporphyrins Yield of tertiary Yield of secondary S
C—H products (%) C—H products (%) C—H products (%) C—H products (%)
130 2.09 4.02 5.20 T(p-OH)PPMnNCI 0.43 2.03 2.12
135 3.11 6.92 449 T(p-OMe)PPMnCl  1.30 4.19 3.10
140 4.00 9.75 410 T(p-Me)PPMnNCI 3.14 8.47 3.71
145 4.18 11.96 3.49 TPPMnNCI 4.00 9.75 4.10
150 5.45 17.04 3.20 T(p-Cl)PPMNCI 6.52 14.16 4.60
Reaction condition: TPPMnCI, 5 mg; methyl cyclohexane, 350 mL; pressure, Reaction condition: catalyst, 5mg; methyl cyclohexane, 350 mL; temperature,
0.8 MPa; reaction time, 2 h. 140°C; pressure, 0.8 MPa; reaction time, 2 h.
Table 3 form” which causes partial deactivation of metalloporphyrin
Influence of pressure o since excessive metalloporphyrin exists in the reaction system
Pressure (MPa) Yield of tertiary Yield of secondary S [16,19] Therefore, the available manganeseporphyrin maintains
C—H products (%) C—H products (%) invariablely and accounts little for the changeSothe definite
06 3.44 6.89 499 Mmechanism needs to be further studied.
0.8 4.00 9.75 4.10
1.0 4.06 13.09 310 3.6. Influence of peripheral substituents o
1.2 5.84 20.85 2.80 A f perip f

manganeseporphyrin on selectivity

Reaction condition: TPPMnCI, 5 mg; methyl cyclohexane, 350 mL; temperature,

140°C; reaction time, 2 h. Five manganeseporphyrins with different peripheral sub-
stituents were used as catalysts to study the ratio of selectivity of
3.4. Influence of pressure on selectivity different G-H bonds. Results iffable 5show that the electron

contributing groups, such as —OH, —Og Hetc. on the man-

The pressure from 0.6 MPa to 1.2 MPa was investigated tganeseporphyrin ring assist the selective oxidation of secondary
reveal the relationship betweéhand the concentration ofO  C—H bonds, While the electron withdrawing group is favorable
in the reaction system. Seen frofable 3 S decreases from for the selective oxidation of tertiary-& bond.
5.0 to 2.8 with the increase of pressure, which means that spe- The mechanism by which metalloporphyrins activated oxy-
cific oxidization of secondary-€H bonds can be improved by gen is proposed as folloW&0-22}
the increase of pressure. Since concentration of oxygen was
positively related with the pressure and the oxidation productgPM" C|—>2F’|\/|I
of secondary €H bonds could be over-oxidized to carboxylic —cr
acids, the secondary-&1 bonds could be continuously oxidized  The active intermediate [PM=0]** attacking substrate led
with abundant oxygen. However, oxidation products of tertiaryto oxidize G-H bonds[13,23]. Electron withdrawing groups
C—H bond, just like 1-methyl cyclohexanol (product 1), could on porphyrin ring could make active intermediate unstable, and

| Oz [PM“'OZPM'”]—>[2PM'VO]

not be further oxidized. strengthened its oxidizing ability to extract the hydrogen on ter-
tiary C—H bond, which resulted in higher oxidation selectivity
3.5. Influence of the amount of catalyst on selectivity of tertiary C-H bond.

Table 4shows the oxidation results of different-8 bonds  3.7. Preliminary mechanism analysis of selective oxidation
when the catalyst concentration ranges from 3.0 mg to 15.0 M@y different C—H bonds
Although the oxidation products of different®& bonds were
differed with the change of the catalyst concentrati®ifiuc- Present research showed that the oxidation reaction of alka-
tuating between 2.9 and 3.2 did not altered apparently. Onges catalyzed by metalloporphyrin is kept to the classic rad-
possible reason may be the so-called “catalyst-inhibitor trangeal chain mechanisr®,23-25] While at the initial stage of
methyl cyclohexane aerobic oxidation, metalloporphyrin turns

Table 4 into high-valent oxo-metal radical cation [PX40]**, which
Influence of the amount of catalyst 8n is responsible for the velocity of the reaction. The selective oxi-
Amount of Yield of tertiary Yield of secondary S dation of different GH bond is mainly affected by two factors:
catalysts (mg) C—H products (%) C—H products (%) activation energy and regioselectivity of differenti& bond.

30 172 16.07 294 Obviously, the activatio_n energy of secondaryHC bond is

5.0 545 17.04 320 Qreater than that of tertiary-@& bond, so the factors such as
10.0 5.92 20.43 2.90 temperature, catalyst activity can affect the activation energy.
15.0 4.09 12.78 3.20  Forthe selective oxidation of secondaryt€bond, higher tem-

Reaction condition: catalyst, TPPMnCI; methyl cyclohexane, 350 mL; temper- Perature ‘F_de stronge_r catalyst activity is preferred. Though the
ature, 150C; pressure, 0.8 MPa; reaction time, 2 h. pressure in the reaction system does not affect the two factors,



K.-W. Xu et al. / Journal of Molecular Catalysis A: Chemical 243 (2006) 194—-197 197

it can shift the equilibrium of the reaction. Therefore, it can [5] V. Ishii, T. Iwahama, S. Sakaguchi, K. Nakayama, Y. Nishiyama, J. Org.
change the oxidation selectivity of different-& bonds. We are Chem. 61 (1996) 4520-4526. .
currently studying how the regioselectivity affects the selectiv- [6] R-A. Periana, G. Bhalla, W.J. Tenn Ill, JH.Y. Kenneth, X.Y. Liu,
Lo . . . O. Mironov, C.J. Jones, V.R. Ziatdinov, J. Mol. Catal. 71 (2004)
ity in our laboratory, and the findings will be reported in due

7-25.
course. [7]1 W. Buijs, Top. Catal. 24 (2003) 73-78.
[8] R. Martins, M. Neves, A. Silvestre, A. Silva, J. Mol. Catal. 137 (1999)
4. Conclusion 41-47. i
[9] K.T. Moore, LT. Horvath, M.J. Therien, Inorg. Chem. 39 (2000)
3125-31309.

Metalloporphyrins play important roles in the selective oxi-[10] J.E. Lyons, P.E. Elis, H.K. Harry, J. Catal. 155 (1995) 59-73.
dation of methyl cyclohexane with diverse-B bonds, soitis [11] C.C. Guo, X.Q. Liu, Z.P. Li, D.C. Guo, Appl. Catal. A: Gen. 230 (2002)

significant to study the factors influencing their activity. And the =~ 53-60.

reaction conditions are also important factors which can inflult2l R-C. Bruce, J.R. Thomas, S.S. Kenneth, J. Am. Chem. Soc. 108 (1986)
ence the selective oxidation of different8 bonds. Therefore 7281-7286. .
' ' [13] C.C. Guo, G. Huang, Z.P. Li, J. Mol. Catal. A: Chem. 170 (2001)

it is potential to get desired products by using specific catalyst = 43_49.
and controlling the reaction conditions. [14] C.C. Guo, X.Q. Liu, Y. Liu, Q. Liu, M.F. Chu, X.B. Zhang, J. Mol.
Catal. A: Chem. 192 (2003) 289-294.
[15] J.Y. Ma, C.C. Guo, Chin. J. Chem. Eng. 56 (2005) 835-840.
[16] C.C. Guo, M.F. Chu, Q. Liu, Y. Liu, D.C. Guo, X.Q. Liu, Appl. Catal.
A: Gen. 246 (2003) 303-309.
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