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3-Arylthiochromone derivatives were synthesized as new photo-

labile protecting groups, in which the photoreactivity was switch-

able based on oxidation of the sulfur atom (sulfide and sulfone);

the protected substrates 9,14 released the corresponding alco-

hols, amines or carbonxylic acids almost quantitatively under

UV-light in neutral condition and the photoproduct 10 showed

high fluorescence intensity.

Protection and deprotection reactions are essential in the

synthesis of multifunctional compounds. In many cases, these

reactions are carried out under acidic or basic condition, or

require highly reactive reagents, leading to the limitation of

use of protecting groups in the synthetic processes.1 From

these viewpoints, much attention has been paid to photolabile

protecting groups (PLPGs), which allow deprotection without

additional reagents and in neutral conditions.2 In addition, the

recent advances in solid-phase synthesis and combinatorial

chemistry caused intensive studies on this type of protection.

PLPGs are also utilized for construction of DNA microarray3

and for synthesis of peptides and caged compounds.2a

Chromone, quinolone and thiochromone derivatives have

attracted attention for their unique photochemical properties,

such as photoabsorption, photoreaction and photochromism.4

However there is no report on them for PLPGs. In order to

develop a new efficient PLPG, we especially focused on

thiochromone 1 and the oxidized compound, thiochromone

S,S-dioxide 2 (Chart 1). Compound 1 is easily converted to

compound 2, which may reveal difference in photochemical

nature. Thus, we investigated the synthesis and application of

1 and 2 as new PLPGs for alcohols, amines and carboxylic

acids.

2-Methyl-3-phenyl thiochromone 5
5 was prepared by using

a modified of the known procedure.6,7 Condensation reaction

of thiophenol with ethyl acetoacetate provided 2-methyl-thio-

chromone-4-one 3 (Scheme 1).6 Iodination of 3 with CAN and

I2 followed by Suzuki–Miyaura coupling of the resulting

iodide 4 with phenylboronic acid gave the desired compound

5.7 Allylic oxidation of 5 with SeO2 and the subsequent

reduction with NaBH4 afforded 2-hydroxymethyl-3-phenyl

thiochromone 1. Furthermore oxidation of the sulfur atom

of 1 with 2 equivalents of m-CPBA furnished thiochromone

S,S-dioxide 2.

Chloroformate derivative 6 or 7 was obtained quantitatively

by the treatment of 1 or 2 with phosgene solution prepared in

situ, and Aliquats 336. Protecting reaction of ethanol with the

isolated 6 or 7 using pyridine proceeded to give 8a or 9a,

respectively, in high yield.

The photodeprotection reactions were carried out in

CD3OD with an ultra-high pressure mercury lump filtered

through Pyrex glass (4280 nm) at room temperature and

monitored by 1H-NMR spectroscopy (Scheme 2). Sulfide

derivative 8a was stable under irradiation and was recovered

unchanged.8 In stark contrast, sulfone derivative 9a released

EtOH quantitatively within 0.5 h. Thus the oxidative state of

the sulfur atom plays a crucial role in photodeprotection.

Chart 1 Thiochromone 1 and thiochromone S,S-dioxide 2.

Scheme 1 Synthesis of thiochromone derivatives. Reagents and con-
ditions: (i) PPA (polyphosphoric acid), 100 1C; (ii) I2, CAN, CH3CN,
55 1C; (iii) PhB(OH)2 (1.5 eq), Pd(PPh3)2Cl2 (3.0 mol%), K2CO3

(3.0 eq), DMF–H2O, 80 1C; (iv) SeO2 (1.2 eq), chlorobenzene, reflux;
(v) NaBH4 (1.0 eq), MeOH, 0 1C; (vi) m-CPBA (2.1 eq), CH3Cl, r.t.;
(vii) phosgene solution (toluene), Aliquats 336 (1.2 eq), r.t.; (viii) 6 or
7 (1.5 eq), pyridine, r.t.

Graduate School of Materials Science, Nara Institute of Science and
Technology (NAIST), Takayama, Ikoma, Nara, 630-0192, Japan.
E-mail: kakiuchi@ms.naist.jp; Fax: +81 743 72 6089; Tel: +81 743
72 6080
w Electronic supplementary information (ESI) available: Experimental
procedures and characterization data for new compounds along with
NMR spectra (1H, 13C). See DOI: 10.1039/b801860j

This journal is �c The Royal Society of Chemistry 2008 Chem. Commun., 2008, 2103–2105 | 2103

COMMUNICATION www.rsc.org/chemcomm | ChemComm



Next, the photodeprotection reactions were examined for

various alcohols and amines using 7 (Table 1).9 The reaction

of protected primary alcohols 9a–c proceeded smoothly to

yield the corresponding alcohols (Table 1, entries 1–3). In the

cases of secondary alcohols 9d, e, prolonged time was required

for consumption of substrates but the desired alcohols were

released effectively (Table 1, entries 4, 5). Photoreactions of

the protected chiral and highly functionalized alcohols 9f–h

afforded menthol, steroid, and glucose analogues quantita-

tively without decomposition and changing stereochemistry

(Table 1, entries 6–8). As for primary and secondary amines

and peptide derivatives, the protection and photodeprotection

proceeded effectively (Table 1, entries 9–11).9 These results

demonstrated the utility of 7 in the preparation of peptide

compounds.

The photodeprotection reaction of 9a was also monitored

by UV-Vis and fluorescence spectroscopy (Fig. 1). As the

reaction proceeded, the absorption at near 365 nm increased,

and a new fluorescence emission at 440 nm was observed.

After the photoreaction, a work-up of the reaction mixture

gave the tetracyclic compound 10 as a yellow crystalline

compound, whose structure was determined by NMR spectro-

scopy and HRMS analysis.10 Thus the new absorption and

emission peaks are attributed to the new product 10. Irradia-

tion at 350 nm took longer to complete photodeprotection

compared with 313 nm, because of 10 bearing the strong

absorbance at near 350 nm. Interestingly, 10 has 100 times

stronger fluorescent intensity than the starting material 9a,

and the quantum yield for the emission is very high (about

0.85). Therefore monitoring of the reaction progress may be

possible by fluorescence spectroscopy.11

Sulfide 8a and sulfone 9a reveal different photosensitivities

as shown in Scheme 2. Thus, two OH groups of 1,4-butanediol

Scheme 2 Photoreaction of thiochromone derivatives.

Table 1 Photodeprotection of 9

Entry Substrate Alcohol or amine Irradiation time/h Yield (%)b

1 9a EtOH 0.5 499
2 9b C8H17OH 0.5 499
3 9c 0.5 499

4 9d 1.0 97

5 9e 1.0 98

6 9f 1.0 499 (98)c

7 9g 1.0 499 (99)c

8 9h 0.5 499 (99)c

9 9i C4H9NH2 1.0 97
10 9j Et2NH 1.0 98
11 9k 1.0 97

a The photoreactions were carried out at room temperature in CD3OD

by irradiation through a Pyrex filter (4280 nm) with an ultra-high-

pressure mercury lamp. b Determined by 1H-NMR spectroscopy.
c Isolated yield in parentheses.

Fig. 1 UV-Vis and fluorescence spectra upon excitation at 365 nm of

1.0 � 10�5 M methanol solution of 9a recorded after 0, 1, 3, 5, 7, 10,

and 15 min of irradiation.
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were masked separately with sulfone and sulfide derivatives to

give 11 for selective deprotection (Scheme 3). When the

photodeprotection reaction was carried out in the same con-

ditions as above, the sulfone moiety was selectively removed to

provide sulfide 12 in quantitative yield. The sulfide was easily

converted to sulfone 13, and the second photodeprotection of

13 proceeded smoothly to release 1,4-butandiol.

Thiochromone derivative is also a candidate as a photo-

labile protecting group for various carboxylic acid (Table 2).12

Aliphatic and aromatic carboxylic acids were completely

released by photo irradiation of 14a–d within 1.0 h. In these

reactions, compound 10 was also produced similar to the

reaction of 9, so photodeprotection can be confirmed by the

observation of the fluorescence emission of 10 under black

light.

In summary, we prepared novel photolabile protecting

groups, thiochromone S,S-dioxide 2, 7 for various alcohols,

amines and carboxylic acids. The photodeprotection proceeded

smoothly to release alcohols, amines or carboxylic acids almost

quantitatively under UV light. The protected substrates were

stable in dark conditions.13 The applications of thiochromone

type PLPGs to other functional groups as well as the elucida-

tion of the reaction mechanism are under way.14
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Scheme 3 Switching of photolabile ability. aThe photoreactions were
carried out at room temperature in CD3OD by irradiation through a
Pyrex filter (4280 nm) with an ultra-high-pressure mercury lamp.
bDetermined by 1H-NMR spectroscopy. cIsolated yield in parentheses.

Table 2 Photodeprotection of 14

Entry Substrate RCOOH Irradiation time/h Yield (%)b
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3 14c 1.0 499
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a The photoreactions were carried out at room temperature in CD3OD

by irradiation through a Pyrex filter (4280 nm) with an ultra-high-

pressure mercury lamp. b Determined by 1H-NMR spectroscopy.
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