Photocatalytic lactonization of diolsover platinum-loaded titanium oxide
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Abstract: A new catalytic route for lactonization of diolsasy developed by using metal-loaded JiO
photocatalyst. Especially, Pt-loaded rutile T&xhibited high photocatalytic activity with higklectivity. In
addition, it was found that heterogeneous acidysttaan accelerate this photocatalytic lactoniati
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1. Introduction

Lactones, which is cyclic esters, are importantabal intermediates or solvents in organic synteese
The dehydrogenative oxidation of diols is a promusisynthesis route for lactones. While several
heterogeneous catalysts for the lactonization Hasen reported,we have examined dehydrogenative
lactonization of diols at a mild condition withoebnsuming any other reagents by using photocatalyst
new methodology. In the present study, we found Btdoaded rutile Ti@ photocatalyst can promote the
lactonization for the dehydrogenative lactonizatidri,2-benzenedimethanol to phthalide (eq. 1) \witih
yield and selectivity, which can be also appliedvarious diols for producing lacton&ésTo our best
knowledge, this is the first report for the photadgtic dehydrogenative lactonization of diols with

hydrogen evolution around room temperature.
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2. Experimental

Three kinds of Ti@ powders supplied from Catalysis Society of JapHRCLTIO-8, anatase, 338
m?g; JRC-TIO-6, rutile, 100 Ag; and JRC-TIO-4, anatase and rutile, 50gnhwere employed as the
photocatalysts, where rutile and anatase are egfelr as (R) and (A), respectively. Metal loade®.Ti
(M/TiO,) samples were prepared by a conventional photaitémo method. The Pt loading amount was
0.1 wt%. The average particle size of the loadeddPioparticles was determined to be 2.1 nm by a CO
adsorption method.For each catalytic reaction test, 0.1 g of the iKdsTsample was used. Before the
reaction, the sample was photoirradiated for 20 lgim xenon lamp (PE300BUV) with an optical longpa
filter (A>350 nm), where the light intensity measured at 86615 nm in wavelength was 27 mW @m
After an argon purge, the reaction mixture, 200100 pmol of diol dissolved in 4 mL of a solvent,sva
introduced into a quartz reactor (46 JmThe reaction tests were carried out for 1 h @renunder
photoirradiation. Products in gas phase were apdlysy GC-TCD (Shimadzu, GC-8A) and those in liquid
phase were analyzed by GC-MS (Shimadzu, GCMS-QB202@ product amounts were determined by
each calibration curves, although only the amoudr2-¢hydroxymethyl)benzaldehyde was determined by
using the calibration curve of phthalide. As theoamt of hydrogen produced was large, it could ret b
determined precisely.

3. Results and discussion

Figure 1 shows the time courses of the productlgiéhl the lactonization of 1,2-benzenedimethanol
(1) over the Pt/Ti@ samples consisting of anatase or rutile zlpBotocatalyst in an acetonitrile solution. In
the initial period of the reaction over the PY/T8(A) photocatalyst, 2-(hydroxymethyl)-benzaldehy@g



was preferably formed and the yield of phthali@gdradually increased (Fig. 1a). Then, phthalideslbee
the major product after 2 h with a decrease ofyZhxymethyl)benzaldehyde yield. The yield of phidha
reached to 60 % in 3 h. This result indicates thghydroxymethyl)benzaldehyde is formed as an
intermediate, and phthalide is produced by furthedation. As for the gaseous product, only hydrogas
detected. Therefore, the lactonization of benzemetfianol to form phthalide proceeds via two-step
dehydrogenative oxidation (eq. 1). However, thectiea over the Pt/TIO-8(A) photocatalyst providexavl
selectivity to phthalide such as 60% after 3 h,dnly 25 % after 1 h. The carbon balance was akaosluch

as 60 % after 3 h, which means that formation deobyproducts or decomposition of the substrate an
products would also take place. On the other htred Pt/TIO-6(R) photocatalyst produced phthalilehie
yield of 90 % even at initial 1 h with high seletiy such as 90% (Fig. 1b), where the intermedate
(hydroxymethyl)benzaldehyde was not detected. Thahe Pt/TIO-6(R) sample consisting of rutile TiO
showed 3.5 times higher yield of phthalide than BtéTIO-8(A) sample consisting of anatase ZiO
although the BET surface area of TIO-6(R) (108gnis smaller than that of TIO-8(A) (338%y). The
Pt/TIO-4(A, R) photocatalyst consisting of both &@s& and rutile phases with low specific surfaea alid
not afford much phthalide. These results sugdedture rutile phase is suitable for this lactation.
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Figure 1. Time courses of products yields in lactonizatiéri @-benzenedimethandl) over the Pt/TIO-8(A) photocatalyst (a) and
the PUYTIO-6(R) photocatalyst (b). Products werghydroxymethyl)-benzaldehyd@) and phthalide3). Reaction conditions: 200
pmol of 1,2-benzenedimethanol, 4 mL of acetonitfld g of the Pt/Ti@photocatalyst. The wavelength of the irradiatight was
longer than 350 nm, and the light intensity wasr2¥ cnr? measured at 36015 nm.

It was also confirmed that the photocatalytic lattation can be applied to various diols such &s 1,
cyclohexanedimethanol, 1,4-butanediol and 1,5-pmdi®l. For these reactions, the PU/TIO-6(R)
photocatalyst exhibited higher activity than thelRD-8(A) photocatalyst.

Further, the addition of heterogeneous acid catatyshe reaction system was examined. The vyield of
phthalide increased when the.®kpowder sample was introduced to the photocatafgction mixture in
the coexistence of the Pt/TIO-6(R) photocatalys$te Bcid catalyst having weak acid sites such a®sAl
would selectively accelerate the photocatalytictiea rate without promoting the side reactiongpa@@ate
experiment evidenced that the acid catalysts itd&lf not promote the reaction without photocatalyst
confirming that the acid catalysis accelerateseastl one step during the photocatalytic reactidmichy
might be the second cyclization step.
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