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ABSTRACT

A novel amino alcohol-based Ir bifunctional complex acts as an efficient catalyst for oxidative lactonization of 1,4- or 1,5-diols with a substrate-
to-catalyst molar ratio of 200−1000 in acetone or butanone. The reaction proceeds with broad functional group tolerance to give lactone in
high yield at room temperature. The catalyst precursor Cp*IrCl[OCH2C(C6H5)2NH2] is isolated and characterized by a single-crystal X-ray analysis.

The oxidative lactonization of diols is useful for the synthesis
of a variety of natural products.1,2 The reaction is considered
to proceed via two steps: the initial chemoselective oxidation
to hydroxy aldehyde, which is in equilibrium with the lactol,
and then oxidation of the lactol to lactone (Scheme 1).

A common approach for this reaction is to use a stoichio-
metric amount of silver carbonate on Celite.1,3 This reagent,

however, is not free of problems, as often a large excess
(10-26 equiv) of expensive silver salts is required and the
reagent is inhibited by sulfide groups.3 To date, several
catalytic reactions have been developed,4 and the reactions
required high temperatures (>180°C)4a,f or co-oxidants such
as tolane,4b PhBr,4c R,â-unsaturated ketone,4d,e,j,kallyl methyl
carbonate,4g or N-methylmorpholineN-oxide4h,i to be per-
formed under lower temperature. During the past decade,
some catalytic reactions5 using clean cooxidants such as
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acetone,5a,7b,c hydrogen peroxide,5b or molecular oxygen5c

were reported; however, there is much room for improvement
of the catalytic activity and selectivity. We now disclose a
new efficient method using a novel metal-ligand bifunc-
tional catalyst6,7 and acetone or 2-butanone as a cooxidant.
This method is high-yielding, clean, operationally simple,
and chemoselective. Therefore, it meets the standards for
the contemporary of organic synthesis.

Treatment of a mixture of pentamethylcyclopentadienyl-
iridium chloride dimer [Cp*IrCl2]2

8 and 2,2-diphenylglycinol9

in CH2Cl2 with aqueous KOH solution at room temperature
for 30 min under argon afforded the dark red Ir catalyst in
quantitative yield. Thus, when a 1 M solution of 1,2-bis-
(hydroxymethyl)benzene (1a) in dry acetone (13.6 mol equiv)
containing the Ir catalyst (S/C) 200) was stirred at room
temperature for 4 h, phthalide (2a) was obtained in quantita-
tive yield.10 The reaction of1ausing reagent grade of acetone
proceeds equally well, giving the lactone quantitatively
(Scheme 2).

A variety of 1,4- or 1,5-diols can be transformed to the
corresponding lactones in high yield (Table 1). The reactions
of 1b-d gave corresponding lactones without epimerization.
In the case of unsymmetrical diol1gand1h, the less hindered

hydroxyl groups were oxidized selectively to give2g and
2h. The reaction of 1,4-pentanediol (1f) gaveγ-valerolactone
(2f) in 88% yield. 2-(3-Hydroxypropyl)phenol (1j) also
afforded2j in 95% yield.

Since transfer hydrogenation of ketones is reversible, a
substrate concentration as low as 0.1 M is required for ob-
taining high yield in the transfer hydrogenation of aceto-
phenone in 2-propanol (2-propanol/ketone substrate)
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Table 1. Oxidative Lactonization of Diols Catalyzed by an Ir
Catalyst4a

a Unless otherwise stated, the reaction was carried out at room
temperature using a 1.0 M solution of diol (1.0 mmol) in acetone. Diol/Ir
) 200:1.b Isolated yield.c Reaction using 50 g of1e in 140 mL of
2-butanone (4.0 M) under reflux with S/C) 1000.d Reaction using a 2.0
M acetone solution.e The reaction was carried out using a 0.25 M solution
of 1g in CH3CN containing 4 molar equiv of acetone.f Determined by1H
NMR.
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136:1).6a On the other hand, the reaction using a 0.27 M
solution of 1a in toluene proceeds quantitatively in the
presence of a slight excess of acetone and the Ir catalyst4
(acetone/diol substrate/4 ) 2.5:1:0.005), while 2 molar equiv
of oxidant is required by the stoichiometry for the oxidative
lactonization of diols. Therefore, a 50 g scale reaction can
be performed easily with high concentration with S/C) 1000
to give2e in 89% yield after distillation (Table 1, entry 6).

To test the tolerance of functional groups,1awas oxidized
in acetone containing an equimolar amount of coordinative
compound. The reaction proceeded without problems in
>92% yield in the presence of 1-tetradecene, methyl
decanoate, di-n-hexyl ether, benzyl cyanide, thioanisole, or
N-methylpyrrolidinone. Moreover the acid-sensitive additive
such as styrene oxide or the trimethylsilyl ether of 4-bromo-
benzyl alcohol also remains intact during the reaction.
However, the addition of pyrrolidinone or 1-dodecyne
completely retarded the reaction.

Having succeeded in catalytic lactonization, we then turned
our attention to the elucidation of the catalyst structure. A
catalyst precursor Ir(III) complex3 that was prepared from
a 1:2 mixture of [Cp*IrCl2]2 and 2,2-diphenylglycinol in
CH2Cl2 with triethyamine was isolated as a yellow crystal
after recrystallization from chloroform. The single-crystal
X-ray analysis illustrated in Figure 1 indicates that the 18
electron Ir(III) complex has a distorted octahedral coordina-
tion environment with Cp*, amino, alkoxide, and chloro
ligands. Noteworthy is the very short Cl‚‚‚HN distance of
2.71 Å, which is ascribed from intramolecular hydrogen
bonding. Although this preformed mononuclear Ir complex
3 does not possess catalytic activities by itself, treating the
complex3 with aqueous KOH in CH2Cl2 gave the active
catalyst4, which catalyzed the lactonization of1a in acetone
to give 2a quantitatively at room temperature for 4 h.

In summary, we have accomplished the practical synthesis
of lactones from diols catalyzed by a novel Ir catalyst. Further
investigation for enantioselective reaction is ongoing.11
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Figure 1. ORTEP plot (50% probability ellipsoids) of the
molecular structure of Cp*IrCl[OCH2C(C6H5)2NH2] (3).
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