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Transition metal complexes have been employed as homogeneous catalysts for the isomerization
of carbon-carbon double bonds.1 Recent reports have demonstrated the potential of rhodium
complexes to bring about carbon-carbon double bond migration which is difficult to bring about
otherwise.2 We wish to report that unsaturated cyclohexenones undergo aromatization via remote

double bond migration induced by rhodium chloride trihydrate (cf. eq 1). The transition metal

RhClg3H,0

EtOH (1)
Z 100°

catalyzed migration of systems such as 1 (see Table I) provides a convenient entry into a variety

of substituted aromatic systems.3

Aromatization of carvone (Table I, entry 2) was brought about over an eight hour period in
absolute ethanol containing a catalytic amount of rbodium chloride l:rihydral:e4 at 100°C (bath
temperature) in a sealed tube. NMR analysis of the reaction product revealed the presence of
an aromatic methyl group [§ 2.17 (s, 3H)] and an isopropyl group (6 1.18 (d, 6H, J=7 Hz),
2,78 (m, 1H, ArCH-)], and the complete absence of the olefinic and enone protons of carvone,
The amount of rhodium catalyst required for the conversion of carvone into 2-methyl-5-isopropyl-
phenol was approximately 0.08 - 0.11 equiv. Less than this amount of catalyst resulted in
incomplete migration and recovery of a substantial amount of starting enone. As illustrated in
equation 1 the double bond need not be adjacent to the ring system. The remote double bond
of 4-(4-pentenyl )--A2 -cyclohexenone (1) migrated to afford phenol 2 in 62% yield.

2545



2546 No. 29

Table I. Substituted Phenols

Entry Starting Material Product Yield (% )a

2
o H
2 78
o HO
o HO
o HO
Y OH

3A1 yields are for isolated chromatographically pure substances.

The following procedure illustrates the method. To a solution of rhodium chloride trihydrate
(19 mg) in absolute ethanol (50 ul) was added carvone (100 mg, 0.66 mmol) in 125 ul of absolute
ethanol. After heating at 100° (bath temperature) for 8 hr in a sealed tube under an atmosphere
of nitrogen the mixture was cooled and filtered through a pad of silica gel. Chromatography of
the crude product on silica gel gave 78 mg (78%) of pure 2-methyl-5-isopropylphenol.
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We have observed that unsaturated imines can be aromatized giving rise to substituted aniline

derivatives (Table II). Migration of the remote olefinic bond of conjugated imine 35 (f. eq 2)

Rh(l -
5 3H,0 @
EtOH/K2 co,
1]‘ 100° PhNH
Ph
3 4

readily occurred upon treatment with rhodium chloride trihydrate in absolute ethanol containing
excess anhydrous potassium carbonate at 100° in a sealed tube. In the absence of potassium
carbonate hydrolysis of the imine to the enone occurred and the corresponding phenol was obtained
as the major product in low yield. Under these conditions none of the diphenyl amine 4 could be
detected. The anhydrous potassium carbonate serves to remove the catalytic amount of hydrogen

chloride which is generated during the production of the catalytically active rhodium hydride species.6

Table II. Substituted Anilines

Entry Starting Material Product Yield (%$)2
1 50
PhNH
h
2 | 51
l“i PhNH
Ph
3 47
PhCH,N PhCH, NH

251 yields are for isolated chromatographically pure substances.
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The following procedure for the preparation of N-benzyl 2-methyl-5-isopropylamine is repre-
sentative. A solution of the benzyl imine of carvone5 (100 mg, 0.41 mmol) in 0.75 ml of absolute
ethanol containing rhodium chloride trihydrate (16 mg) and anhydrous potassium carbonate (80 mg,
0.56 mmol) was heated at 100° in a sealed tube for 30 hr. Workup followed by chromatography

on silica gel provided 47 mg (47%) of pure amine.
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