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Oxidation of 3,5,5-trimethylcyclohex-3-en-1-one (1) with molecular
oxygen catalyzed by metal phthalocyanines (Pc) and 5,10,15,20-
tetraphenylporphyrins (TPP) including Mn(II), Mn(I1I), Fe(Il),
Fe(11T), Co(I1), Cu(II), and Ru(Il) to 3,5,5-trimethylcyclohex-2-ene-
1,4-dione (2) was studied. TPPMn(III)Cl showed an excellent
catalytic activity, affording 2 in 93% yield and 12500 turnover
number.

A number of transition metal phthalocyanines and por-
phyrins are known to activate molecular oxygen by re-
versibly bonding to the metal center.! Such oxygen carrier
metal complexes have been worthy of remark not only
as catalyst for oxidation of organic compounds, but also
as models for oxygenase enzymes.?> In the oxidation
reactions, much attention has been focused on the epo-
xidation of olefins and hydroxylation of alkenes using
transition metal phthalocyanines and porphyrins.* How-
ever, little is known about other efficient and practically
useful oxidation reactions.’

3,5,5-Trimethylcyclohex-2-ene-1,4-dione  (oxophorone,
2) is well known as an important key intermediate for
the syntheses of carotenoids® and flavoring substances.”
During the course of our synthetic study of natural
products, a substantial quantity of oxophorone (2) was
required because of limited amount of supply from nat-
ural sources.® One obvious and direct approach to this
problem would be oxidation of isophorone and the other
would be oxidative transformation of 3,5,5-trimethyl-
cyclohex-3-en-1-one (f-isophorone, 1), which is readily
available in large quantities by imidazoline-catalyzed
deconjugation of isophorone.’ However, the former oxi-
dation was difficult and the latter transformation em-
ploying some oxygen carrier metal complexes as a catalyst
suffered from poor yield and low turnover of catalyst.'®
Now we disclose herein that oxidative transformation of
p-isophorone (1) into oxophorone (2) is greatly enhanced
by the use of 5,10,15,20-tetraphenylporphyrinatoman-
ganese (TPPMn) as the oxygen carrier catalyst.

Oxidation of S-isophorone (1) was effected with molec-
ular oxygen catalyzed by a variety of metal phthalocyan-
ines (Pc) and 5,10,15,20-tetraphenylporphyrins (TPP) in
the presence of triethylamine and water'* in 1,2-dimeth-
oxyethane (Scheme 1).12 The product yields were quan-
titatively determined by GC using an internal standard.
The results obtained are summarized in the Table. TPP-
V({IV)=0, Pc -and TPP-metal [metal Ni(II) and Cu(1I)]
were less active (Entries 3,4,13 and 15) or inactive (En-
try 12), except 1,2,3,4,8,9,10,11,15,16,17,18,22,23,24,25-
hexadecachlorophthalocyanine Cu(Il) [CL,,PcCu(1l})]
(Entry 6). Better catalytic activity of Cl,,PcCu(ll)
may be attributable to the chlorinated electron-poor

phthalocyanine ligand. PcMn(Il), PcFe(II), PcCo(Il),
TPPRu(II)C=0, TPPCo(II) and TPPFe(III)Cl showed
moderate catalytic activity (Entries 1,2,5,10,11 and 14).
Among metal complexes employed, TPPMn(III)Cl was
most effective for this oxidative transformation (Entries
7 and 8). In Entry 8, the turnover number reached 12500
and the isolated yield of 2 is 92 %. The same result was
obtained in the presence of TPPMn(II)!? (Entry 9).
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Scheme 1

In the present oxidation, trivalent TPP-metal complexes
such as TPPMn(II)Cl and TPPFe(III)Cl showed cata-
lytic activity in the absence of reducing agents. In the
oxidation using a O,/ TPP-metal(III)Cl system, the initial
reduction of the TPP-metal(IIT) to TPP-metal(1l) is usual-
ly achieved by addition of reducing agents such as H,-Pt,*
superoxide(O,-),'* NaBH,,'? because it is known that
divalent metal complexes are active species in these cat-
alytic cycles.!® A plausible reaction pathway is shown in
Scheme 2, assuming the initial electron-transfer to TPP-
Mn(III) from an extended dienolate anion generated
from S-isophorone (1) and triethylamine to generate the
TPP-Mn(II).

Alternative trivalent manganese complex, chloro-N, N'-
bis(salicylidene)ethylenediiminomanganese [Mn(IIT)Cl-
salen]'® also catalyzed oxidation of 1 to give 2 in 81 %
yields (Entry 16). The mode of present oxidation would
be analogous to that of oxidation with N, N'-bis(salicyl-
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Table. Oxidation of f-Isophorone (1) to Oxophorone (2) with Mo-
lecular Oxygen Catalyzed by Pc Transition Metal and TPP
Transition Metal Complexes?®

Entry Catalyst Mol % of Time Yield of 2®
Catalyst Used (h) (%)

1 PcMn(II) 0.33 65 59

2 PcFe(Il) 13 8 55

3 PeNi(II) 33 65 7

4 PcCu(l) 33 65 9

5 PcCo(1l) 33 65 28

6 ClPcCu(l) 3.3 6.5 48

7 TPPMn(11DHCL 0.04 2 91

8 TPPMn(IINCl  0.008 9 93 (92)°

9 TPPMn(II) 0.04 2 93

10 TPPCo(II) 3.3 65 52

11 TPPFe(IIN)C1 33 6.5 46

12 TPPNi(II) 33 65 0

13 TPPCu(Il) 33 6.5 10

14 TPPRu(INC=0 3.3 65 44

15 TPPV(IV)=0 33 6.5 8

16 Mn(III)Cl-Salen  0.06 2.5 81

# Ogxidation of 1 (0.82 mol/L) was carried out at 25 °C under oxygen
atmosphere in the presence of Et;N (0.32mol/L) and H,O
(2.3mol/L) in 1,2-dimethoxyethane.

® Yields by gas chromatographic quantitative analyses.

¢ Isolated yield by column chromatography.

idene)ethylenediiminomanganese [Mn(II)-salen] by Co-
stantini and his co-workers.!?

Our oxidative transformation was applied to hept-4-en-2-
one (3a) and undec-3-en-6-one (3b) in order to under-
stand the generality of the oxidation. On treatment with
TPPMn(II1)CI (0.5 mo1%) in 1,2-dimethoxyethane/H, O/
Et;N under oxygen atmosphere, although the starting
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materials were consumed completely, the yields of the
oxidation products were moderate; hept-3-en-2,5-dione
(4a) and undec-4-en-3,6-dione (4b) were obtained from
3a and 3b in 25 and 41 % yields, respectively (Scheme
3). The compound 4a is known as aggression controlling
substance in bees.!”

TPP-Mn(IINCI/ O,
0 EtgN/Hy0/1, 2-dimethoxyethane (0]

25°C, 2 hr
25-41%

3 34 R 4

a Me
b Amyl

Scheme 3

The "H NMR spectra of 4a and 4b exhibited singlets at
0 = 6.92 and 6.88, respectively, indicating the geometry
of the double bond to be trans, since the olefinic proton
of diethyl fumarate is more deshielded (6 = 6.87) than
that of diethyl maleate (6 = 6.25).'®

In summary, among the studies on oxidation of f-iso-
phorone (1) with molecular oxygen catalyzed by metal
phthalocyanines and porphyrins, TPPMn(III)Cl revealed
the excellent catalytic activity, giving oxophorone (2) in
93 % yield with a turnover number of 12500. The present
method is practically useful for the synthesis of 2, because
TPPMn(III)Cl is commercially available and stable to
handle under atmospheric oxygen, as well as the simpli-
city of operation an high yield.

B-Isophorone (1), ° (E)-hept-4-en-2-one (3a),*° (E)-undec-3-en-6-
one (4a),'° TPPMn(II)!? and Mn(III)-salen'® were prepared ac-
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cording to the literature procedures. Cl,,PcCu(Il) was purchased
from Tokyo Kasei Co. Other metal phthalocyanines and porphyrins
were purchased from Aldrich Co. These catalysts were used without
purification. Melting points were determined with a Mettler FP62
hot stage apparatus and were uncorrected. IR spectra were recorded
on a JASCO FT/IR-7000 spectrophotometer. *H NMR spectra we-
re obtained in CDCI; with JOEL LA-400 (400 MHz) and Hitachi
R-24B (60 MHz) instruments with TMS as an internal standard.
J-Values are given in Hz. Mass spectra were run on Hewlett Packard
5992B and Hitachi M-80B spectrometers with a Hitachi MO101
data system. Gas chromatographic quantitative analyses were car-
ried out on a Hitachi 263-30 gas chromatograph equipped with 2 m
5% FFAP packed column with a temperature program of
100-200°C (5°C/min). .

Oxidation of f-Isophorone (1); Typical Procedure:

To a solution of p-isophorone (1; 500.0 mg, 3.62 mmol), Et;N
(142mg, 1.42 mmol) and H,0 (182 mg, 10 mmol) in 1,2-dimeth-
oxyethane (4.4mL) was added a solution of TPPMn(III)Cl
(0.195 mg, 0.29 umol) in 1,2-dimethoxyethane (0.2 mL). The mix-
ture was exposed to oxygen atmosphere under vigorous stirring for
9 h at r.t. The mixture was evaporated to give 790.1 mg of a crude
oil. The quantitative analysis of oxophorone (2) formed was achiev-
ed by adding ethyl phenylacetate (103.5 mg) as an internal standard
to the crude oil (153.4 mg) and diluting with EtOA¢ (2 mL). The
resulting solution was analyzed by GC; GC yield of oxophorone
(2): 93 %. The crude product (636.7 mg) was chromatographed on
silica gel using EtOAc/hexane (1:3) as an eluent to give pure 2
(408.2 mg, 92%); mp 24-25°C; Lit.” mp 15-16°C.

IR (film): v = 2980 (C—H), 1678 (C=0), 1621 (C=C), 1280 cm ™.
'HNMR: 6 =1.18 [6H, s, (CH;),C], 1.92 3H, d, J =2, CH,),
2.58 (2H, s, 6-H), 6.40 (1 H, br s, 2-H).

MS: m/z (%) = 152 (M ™, 38), 137 (3), 109 (10), 96 (78), 68 (100),
55 (2), 39 (35).

(E)-Hept-3-ene-2,5-dione (4a):

To a solution of 3a (66 mg, 0.59 mmol), Et;N (24 mg, 0.24 mmol)
and H,0 (31 mg, 1.7 mmol) in 1,2-dimethoxyethane (0.75 mL) was
added TPPMn(IIT)Cl (2.0 mg, 0.003 mmol). The resulting solution
was exposed to oxygen atmosphere under vigorous stirring for 2h
at r.t. The mixture was evaporated and the crude product was
chromatographed on silica gel using EtOAc/hexane (3:1) as an
eluent to afford 4a (19 mg, 25 %); oil.

IR (film): v =3045, 2970 (C-H), 1678 (C=0), 1618 (C=C),
1358 cm ™t

'HNMR: 6 =1.13(3H,t,J =7, CH,CH,), 2.38 (3 H, 5, CH,CO),
2.72(2H, q, /=1, 6-H), 6.92 2H, s, CH=CH).

MS: m/z (%) =126 (M™*, 16), 111 (4), 98 (12), 97 (100), 83 (43),
67 (27), 57 (21), 43 (85).

(E)-Undec-4-ene-3,6-dione (4b):

Following the procedure described above for the preparation of
4a, a mixture of 3b (54 mg, 0.32 mmol), TPPMn(IIN)CI (1.1 mg,
0.0016 mmol), Et;N (13 mg, 0.13 mmol), H,O (17 mg 0.94 mmol)
and 1,2-dimethoxyethane (0.41 mL) was stirred under oxygen for
2 h. Workup followed by purification of the oily product by chro-
matography on silica gel (EtOAc/hexane, 5:1) gave 4b (24 mg,
41 %); mp 37-38°C.

IR (film): v = 3045, 2980 (C—H), 1665 (C=0), 1160 cm 1.
'HNMR: 6 =090 (3H,brt,J=7,11-CH,), 1.13 3H, t, J = 7.6,
1-CH,), 1.25-1.38 (4 H, m, 9- and 10-H), 1.61-1.68 (2H, m, 8-H),
2.62-2.71 (4H, m, 2- and 7-H), 6.88 2 H, s, CH=CH).
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MS: mfz (%) = 182 (M™, 1) 153 (18), 125 (48), 111 (33), 97 (100),
83 (32), 55 (67), 43 (34), 29 (41).
HRMS: Found: M*, 182.1333; C,,H,,0, requires M, 182.1361.

(1) Jones, R.D.; Summerville, D. A.; Basolo, F. Chem. Rev. 1979,
79, 139.
Sheldon, R.A.; Kochi, J.K. Metal Catalysed Oxidations of
Organic Compounds; Academic: New York, 1981.
(2) Nishinaga, A.; Tomita, H. J. Mol. Catal. 1980, 7, 179.
(3) Ganeshpure, P. A.; Satish, S. Tetrahedron Lett. 1988, 29, 6629.
(4) Meunier, B. Chem. Rev. 1992, 92, 1411.
Tabushi, I.; Morimitsu, K. J. Am. Chem. Soc. 1984, 106, 6871.
(5) Higuchi, T.; Satake, C.; Hirobe, M. J. Am. Chem. Soc. 1995,
117, 8879.
(6) Mayer, H. Pure Appl. Chem. 1979, 51, 535.
Isler, O. Carotenoids; Brikhauser-Verlag: Basel, 1971
(7) Demole, E.; Enggist, P. Helv. Chim. Acta. 1974, 57, 2087.
Marx, J.N. Tetrahedron. 1975, 31, 1251.
Shibagaki, M.; Shibata, S.; Kaneko, H. Agric. Biol. Chem.
1981, 45, 2911.
Weyerstahl, P.; Meisel, T.; Mewes, K.; Negahdari, S. Liebigs
Ann. Chem. 1991, 19.
(8) Fujimori, T.; Kasuga, T.; Matsushita, H.; Kaneko, H. Noguchi,
M. Agric. Biol. Chem. 1976, 40, 303.
Kawakami, M.; Yamanishi, T. Agric. Biol. Chem. 1983, 47,
2077.
Strauss, C.R.; Gooley, P.R.; Wilson, B.; Williams, P.J. J. Ag-
ric. Food Chem. 1987, 35, 519.
Tatsuka, K.; Suekane, S.; Sakai, Y.; Sumitani, H. J. Agric.
Food Chem. 1990, 38, 2176.
Schlotzhauser, W.S.; Horvat, R.J.; Chortyk, O.T.; Notting-
ham, S.F.; Jackson, D.M. J. Essent. Oil Res. 1995, 7, 265.
(9) Ito, N.; Takemata, H.; Kinoshita, K.; Etoh, T. Japan Kokai
Patent 175954, 1989; Chem. Abstr. 1990, 112, 138649.

(10) Volger, H.C.; Brackmann, W.; Lemmers, J. W.F.M Recl. Trav.
Chim. Pays-Bas 1965, 84, 1203.

Becker, J.J.; Schulte-Elte, K. H.; Strickler, H.; Ohloff, G. Ger.
Patent 2457157, 1975; Chem. Abstr. 1975, 83, 96564.
Brenner, W. Ger. Patent 2525304, 1975; Chem. Abstr. 1976,
84, 58767.

Costantini, M.; Dromard, A.; Joffret, M. Fr. Patent 2657386,
1977; Chem. Abstr. 1977, 87, 184078.

Costantini, M.; Dromard, A.; Joffret, M. Fr. Patent 2335486,
1977; Chem. Abstr. 1978, 88, 104778.

(11) Itis known that the presence of water causes the oxidation to
accelerate, see Ref. 15.

(12) Inacontrol experiment in the absence of catalyst, f-isophorone
(1) was recovered unchanged.

(13) Tabushi, I.; Koga, N. J. Am. Chem. Soc. 1979, 101, 6456.

(14) Valentine, J.S.; Quinn, A.E. Inorg. Chem. 1976, 15, 1997.

(15) Costantini, M.; Dromard, A.; Joffret, M.; Brossard, B.; Va-
ragnat, J. J. Mol. Catal. 1980, 7, 89.

(16) Prabhakaran, C.P,; Pater, C.C. J. Inorg. Nucl. Chem. 1969,
33, 3316.

(17) Bain, Z.; Fales, H.M.; Blum, M.S.; Jones, T.H.; Rinderer,
T.E.; Howard, D.H. J. Chem. Ecol. 1984, 10, 451.

(18) Pouchert, C.J.; Campbell, J.R. The Aldrich Library NMR
Spectra. 1974, Vol. 111, p 39.

(19) Inaba, T.; Watanabe, S.; Abe, T.; Ubukata, Y; Sakamoto, M.;
Fujita, T. Abstract of Papers of the 39th Symposium on the
Chemistry of Terpenes, Essential Oils, and Aromatics. Utsuno-
miya, Japan. 1996; p 168.

Downloaded by: East Carolina University. Copyrighted material.



	C�¹U(1¶Ö«LŸs
	™¶é³fŽ
	‘¹’#R.


