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ABSTRACT

A hydrophobic polystyrene-supported sulfonic acid was found to be effective for hydrolysis of thioesters in pure water. It was revealed that
the catalyst was much superior to other Brgnsted acid catalysts. Transprotection of thiols from thioesters to thioethers has been successfully
performed in water using this catalytic system.

Organic reactions in water without the use of any harmful hydrophobic interactions between the polymers and organic
organic solvents are of great current interest, because watesubstrates would play an important role in catalytic actitity.

is an easily available, economical, safe, and environmentally This idea encouraged us to use a hydrophobic polymer-
benign solvent. Although various catalysts have been supported catalyst in water. In this paper, we disclose that a
developed to realize organic transformation in watkrs hydrophobic polystyrene-supported sulfonic acid not only
still difficult to achieve recovery and reuse of the catalysts is a recoverable and reusable catalyst but also is much more
in many cases. On the other hand, organic reactions usingactive than other Brgnsted acids in the hydrolysis of
polymer-supported catalysts have received much attentionthioesters.

because of easy workup and reuse of the catatyBts: Thioesters are synthetically useful as well as biologically
polymer-supported catalysts that work efficiently in water, important compounds, partly because they are versatile
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protecting groups for thiols or carboxylic aciéglf general, 3600 mol %) (entries 5 and 6). In addition, a surfactant-
hydrolysis of thioesters to thiols and carboxylic acids is type Brgnsted acid such @sdodecylbenzenesulfonic acid
carried out under basic conditions. However, problems with (DBSA), which is effective for several organic reactions in
this method are that oxidation of thiols to disulfides is prone wateri® was also inactive (entry 7). On the other hand, it
to occur and that more than equimolar amounts of the was exciting to find that a hydrophobic polystyrene-supported
reagents are needed. Although acid-promoted hydrolysis ofsulfonic acid (PS-SeH, 0.462 mmol/g) prepared by sul-
thioesters provides an alternative important method, it is not fonation of 1% DVB cross-linked polystyrene (26800
common because of high activation energies for the acid- mesh) was effective for the hydrolysis (entry 8). However,
promoted hydrolysigg requiring the use of excess amounts a commercially available DOWEX 50W-X2 (a sulfonated,
of strong acids such as 6 N HEFurthermore, acid-catalyzed cross-linked polystyrene, H form, 4.41 mmol/g) was inef-
hydrolysis of water-insoluble thioesters in water without fective (entry 9). Whereas PS-3 scarcely swelled in
using organic cosolvents is extremely difficult to realize. water, DOWEX 50W-X2 swelled well in water because of
Therefore, we undertook development of an acid catalyst for the difference in sulfonic acid conteltThis result indicates
hydrolysis of water-insoluble thioesters. that the highly hydrophobic nature of polymer-supported

We examined the catalytic activity of various Brgnsted catalysts plays a very important role for catalytic activity.
acids in a model reaction of hydrolysis of dodecyl thiolaurate Another type of polymer-supported sulfonic acid, Nafion-
(Table 1). As expected, the hydrolysis did not proceed at all H,*> was found to be inactive (entry 10).

Interestingly, mixed solvents such as®1,4-dioxane

_ (1/1) and HO/toluene (1/1), giving 21% and 33% Yyields

_ ) ) ) ) under reflux conditions for 24 h, respectively, were not good
Table 1. Hydrolysis of Thioester with Various Brgnsted Acid for the PS-SGH-catalyzed hydrolysis of the thioester

Catalysts talyst (10 mol %) indicating that pure water is the most effective solvent system
catalys % . . . . . ..
CiiHzsCOSCraHzs Y T2 P), Gy 1p;,COOH + CroHasSH in this hydrolysis. This result is one of the characteristic
HoO, reflux, 24 h :
features of this system.
entry catalyst yield (%) Next, we investigated substrate generality in the PS50
1 None 0 catalyzed hydrolysis of thioesters in water (Table 2). The
2 TsOH 0
. e X |
4 CsF1780O3H 0
5 H,S04L° 0 Table 2. PS-SQH-Catalyzed Hydrolysis of Various Substrates
c ! LA
6 HCl 0 Rcosg PSSOHUOmOI%) o oo e
7 DBSA 2 H20, reflux, 24 h
% d
8 PS-SOH 69 entry substrate product yield (%)?
9 DOWEX 50W-x2 0 .
y d 1 C11H23COSCy2H2s5 C11H23COCH 95
10 Nafion-H 0 CiaHasSH g5be
d
2 NIMR yield. b In 3 N H,S0; (900 mol %).€ In 6 N HCI (3600 mol %). 2 CnhzsCOSE CribzsCOCH 93
410 mol % of SQH group. 3 CyyH3COSBU C11H23COCH quant.®
4 C11H23COSPh C11H23COCH 98
5 Ph(CH2)2COSEt Ph(CH2)2COOH 85
without a catalyst (entry 1) or with several Bransted acids 5 {5-PhCH=CHCOSEt  (£)-PhCH=CHCOOH 90°
(entries 2—6) under water-reflux conditions for 24 h, even 7 ACSC12Hps C1aHzSH quant.f (quant)9
when carried out in 3 N k8O, (the amount of the catalyst 8 AcSCH2Ph PhCH,SH 80
is 900 mol %) or 6 N HCI (the amount of the catalyst is 9 AcS(CHz)gPh Ph(CHo)aSH quant.
10 PhCOSC12Hxs C12HzSH ggehi
(5) Polymer-supported sulfonic acid catalyzed hydrolysis of oxoesters A H
has been reported; see: (a) Thomas, G. G.; Davies, O\N&ture 1947, 11 E:Ci © @:;s 99
159, 372. (b) Haskell, V. C.; Hammett, L. P.Am.Chem.S0c.1949,71, Ac H
1284. (c) Sakurada, I.; Sakaguchi, Y.; Ono, T.; Uedayi@kromol.Chem.
1966,91, 243. (d) Yoshikawa, S.; Kim, O.-K8ull. ChemSoc.Jpn.1966, ~  a|solated yield? 72 h.cContaining disulfide (2%)¢36 h.¢168 h.
39, 1515. Quite recently, we reported use of polymer-supported sulfonic f ynder air.9 PS-SGH (2 mol %), 48 h.' PS-SGH (20 mol %).i Containing
acids for oxoester formation in water: (e) Manabe, K.; Kobayashds. disulfide (5%).

Synth.Catal. 2002, 344, 270.
(6) Greene, T. W.; Wuts, P. G. MProtective Groups in Organic
Synthesis, 3rd ed.; John Wiley & Sons: New York, 1999.

(7) Bruice, T. C. InOrganic Sulphur Compounds; Kharasch, N., Ed; ; ; ; ;
Pergamon Press: London, 1961; Vol. 1, p 421 and references therein. reactions pr.ocee.ded.smqothly togive the C9rreSp°”d'”9 thiols
(8) Recently, we have developed the first example of Bransted acid Or carboxylic acids in high to excellent yields for various
catalyzed intermolecular direct thioesterification of carboxylic acids with tynes of thioesters. Although the reaction time was longer
thiols: limura, S.; Manabe, K.; Kobayashi, Shem.Commun2002, 94. yp N : 9 ger,
(9) For examples of acid-promoted hydrolysis of thioesters, see: (a) only 2 mol % of PS-SgH was enough to catalyze the

Garbiras, B. J.; Marburg, SSynthesisl999, 270. (b) Bergeron, R. J.;  hydrolysis (entry 7). It is also noteworthy that formation of

Wiegand, J.; Weimar, W. R.; Vinson, J. R. T.; Bussenius, J.; Yao, G.-W.; : . . . -,
McManis, J. S.J. Med. Chem.1999,42, 95, (c) Effenberger, F.; Isak, H. disulfides, which often occurs under basic conditions, was

Chem.Ber. 1989,122, 553. not at all observed even when the hydrolysis of the substrate
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shown in entry 7 was carried out under air atmosphere. In ||| NG
addition, PS-SgH was recoverablg and reu;able (faq 1). Table 3. PS-SQH-Catalyzed Transprotection of Thiols in
These results demonstrate that this hydrolysis of thioestersyyater

provides a general and useful method to deprotect thiols or nshe + oy PSSOMGOmOI%)
i i C
carboxylic acids. H,0, refiux, 48 h
PS-S0H (10 mol %) 1st: quant. entry RSAc R'OH (equiv) yield (%)?
CipHasSAC Cy2HzSH 2nd: quant. (1) b
Hz0, reflux, 24 h ard: quant, 1 CioHpsSAC PhaCOH (1.0) 91 (86)
2 C1oHas8AC Ph,CHOH (2.0) 90
It is a significant problem that racemization is often 3 CigHpsSAc  4-MeOCeH,CH,0H (20) 71
observed when hydrolysis of thioesters is carried out under 4 PhCHSAc Ph,COH (1.0) 8P

basic conditions. However, PS-g@®catalyzed hydrolysis

of an optically active thioester, ethyR}-(—)-2-phenyl- alsolated yield. 24 h.
thiopropionate, proceeded with only slight loss of enantio-
meric excess under water-reflux conditions (e¢®2)here-
fore, this is one of the advantages of the acid-catalyzed for dithioacetalization of a carbonyl compound (ed3):*>

hydrolysis of thioesters. To the best of our knowledge, this is the first example of
dithioacetalization using dithioesters.
(L PS-SO4H (10 mol %) (L 74%yield () . y
P97/ COSEl 1.0 reflux. 72 h P COH 93% ee PHOHO + Ao~ she PS-SO,H (10 mol %) p%;; @)
% ee
(1.1 equiv) HJ0, reflux, 24 h H

98% yield

By carrying out the hydrolysis of thioesters in the presence
of benzylic alcohols, transprotection of thiols was realized  |n summary, we have found that a hydrophobic polystyrene-
in water. The reactions proceeded smoothly to give benzylic supported sulfonic acid is effective for hydrolysis of thioesters
thioethers from thioesters in good yields (Table“B)t is in pure water and that the catalyst is much superior to other
interesting to note that, under the reaction conditions, Brgnsted acid catalysts, including a surfactant-type Bransted
opposite types of reactions (hydrolysis and dehydrat®h)  acid. Transprotection of thiols from thioesters to benzylic
occur in the same pot. This system provides an effective thioethers has also been realized in water using this catalytic
method for conversion of thioesters to benzylic thioethers system. This work will provide a new aspect of catalytic
without isolating the intermediates, thiols. organic reactions in water as well as an atom-econortfical,

In addition, an almost odorless dithioester instead of a simple, and practical method for hydrolysis of thioesters.
dithiol, which has an unpleasant odor, can be used directly
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