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Abstract: Mn(OAc);2H,0O mediated oxidative radical addition of P-diketones (acetylacetone, benzoylacetone, 1,3-
cyclohexanodione) and B-ketoesters (ethyl acetoacetate, ethyl benzoylacetate) to limonene produced chemo- and

regiospecificaly 2,3-dihydrofurans as a ca. 1.1 mixture of diastereoisomers in 72-86% isolated yields. On the other
hand, the reactions mediated by CAN produced the same products in lower yields (29-35%).

Introduction

The addition of organic free radicals to alkenes is a powerful methodology for construction of C-C bonds (1)
and among them the so-called “oxidative free radical addition” mediated by transition metal salts has enormously
increased in the last 30 years (2). Examples of the synthetic utility of this methodology are the preparation of 5-
butyrolactones and 2,3-dihydrofunas by the reactions of alkenes with carboxylic acids and B-dicarbonyl compounds,
respectively (3).

We reported (4) the chemo- and regiospecific formation of the natural product norbisabolide (2, R, =R, = H)
and related 8-butyrolactones in good yields by the oxidative radical addition of carboxylic acids to limonene 1 mediated
by CAN [cerium(IV) ammonium nitrate]. On the other hand, a group from India (5) published a similar reaction using
B-diketones (dimedone or acetylacetone), producing the 2,3-dihydrofurans 3 in moderate yield (Scheme 1). Recently (6)
we investigated the addition of ethyl acetoacelate (o limonene and the results were disappointing with Ce(TV), Fe(llD),
Co(II), and Cu(Il), but good when Mn(OAc);+2H,0 was employed.

* 0 whom correspondence should be addressed. E-mail: mmattos@iq.ulrj.br

247



‘ol. 9, No. 3, 2003 Manganese(lll) acetate and cerium(IV) ammonium nitrate mediated
oxidative radical additions

O
Rl% ? 2
Ry

OH
Ry
R, = H, alkyl, CI
R, R,=H CLCN
(50 - 75 %)

(NH4)2Ce(NO3)g

(0]
/l\ 0 (0]
(NHy4),Ce(NO3)g . :
i 0] 2
R], R2 = alkyl
(%_{Rz (46 - 48 %)
Ry

Continuing our interest in chemo- and regiospecific reactions of limonene (4, 6, 7). we describe here our

Scheme 1

results on the preparation of 2,3-dihydrofurans by reaction of limonene with diverse B-diketones and P-ketoesters
mediated by CAN and by Mn(OAc);2H,0.

Results

The reactions were performed stirring limonene (10 mmol) with the B-dicarbonyl compounds (10 mmol) in the
presence of CAN (20 mmol) to produce the corresponding 2,3-dihydrofurans in 29-35% isolated yield as a ca. 1:1
mixture of diastereoisomers (8) - detem ned by high resolution gas chromatography. As the yields were low, we
revisited the reaction using Mn(C Ac);e2H,: ) in the place of CAN and obtained the same products but in higher isolated
yields (72-86%) - Scheme 2 and Table 1 summarize the results.

In summary, in contrast with the literature information (3a, 5, 9), in our hands, Mn(OAc);e2H,O was better
than CAN to mediate the oxidative radical addition of B-dicarbonyl compounds to limonene. Furthermore the utilization
of the Mn(III) salt is also very convenient because it is a superior reagent in terms of atom economy (10) (its molecular

weigh is ca. half of the CAN to produce the same effect, ie., one electron transferring).
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R, R, conditions Yield (%)"
Me Me CAN / MeOH / 5°C / 90 min 29
Me Me Mn(OACc);e2H,0 / HOAc / 70°C / 90 min 86
Me Ph CAN /MeOH / 5°C / 90 min 35
Me Ph Mn(OAC)3e2H,0 / HOAc / 70°C / 90 min 80
-(CH,)s3- Mn(OAc)3e2H,0O / HOAc / 70°C / 120 min 86
Mc OEt CAN /McOH / 5°C / 20 min 35
Me OEt Mn(OAC)302H,0 / HOAc / 70°C / 90 nun 72
Ph OEt Mn(OAC)302H,0 / HOAc / 70°C / 90 min 76
*isolated yield.

Table 1. Yields of 2,3-dihydrofurans from the reaction of limonene and diverse p-dicarbonyl
compounds mediated by CAN and by Mn(OAc)3¢2H,0.
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