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The thiolysis of o f-epoxycarboxylic acids 1a —e by thiols 2a,b is more efficient in water than in dichloromethane or SFC. At pH 9.0 phenylthiolate
generally attacks the C- o carbon while at pH 4.0, and in the presence of InCl 3 (10 mol %), the thiolysis is exclusively C-  f regioselective. In
all cases, the processes are completely  anti-diasteroselective, and the corresponding products 3, 4, and 5 have been isolated in good yields.

Both water and catalysts have been recovered and reused.

According to the urgent need for an efficient and environ- By controlling the pH of the agueous medium, the
mentally benign organic chemistry, new catalysts must be catalyst’s efficiency can be regulated allowing a green, regio-
found and alternative and safe reaction media should be usednd stereoselective nucleophilic ring-opening of 1,2-epoxides
to achieve the best selectivities and yields at minimal to be realized. We have found that the best catalytic
environmental cost.We have been contributing to the efficiency of a Lewis acid such as In(lll), Zn(ll), Cu(ll), or
development of a green organic chemistry by realizing Al(lll) can be reached when the pH is below itXp
organic processes in wateor under solvent-free condition  hydrolysis constarnt.For example, the synthetic utility of
(SFC)? and we have generally focused our attention on the these results has been outlined by realizing the first one-pot
definition of one-pot multistep protocols for the synthesis regio- and stereoselective synthesis of norstatines in water
of target molecule&¢~¢3a-¢4n several cases, we have also Vvia Cu(ll)-catalyzed azidolysis af,3-epoxycarboxylic acids
realized the recovery and reuse of the catalyst to improve followed by in situ Cu(ll)-catalyzed reduction of the azido
the ecocompatibility of the process@s:34 group??

Thiolysis of 1,2-epoxides is an efficient and widely used
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which is present in many biologically active molecilaad Currently, our project deals with the study of the thiolysis
offers high synthetic versatility. A representative example of a,3-epoxycarboxylic acidéa—eby phenylthiol @a) and
is given by Diltiazem, one of the most potent calcium butylthiol (2b) by examining the influence on the regio- and
antagonists known, which is prepared by using as a key stepstereoselectivity of the reaction played by (i) the reaction
the thermally induced thiolyses of the appropriate cinnamic medium, (i) the catalyst, (iii) the pH of the aqueous medium,
ester oxide$? and (iv) the thiol employed. We intend to define an efficient

In the past few years we have reported new and environ- and green regio- and stereoselective procedure to access new
mentally friendly procedures for the thiolysis of 1,2-epoxides S-carboxy sulfides which can be used as precursors for target
showing that In(lll) and Zn(ll) salts are the most efficient heterocycles.

catalysts for this transformation under SE€¢in water at We started our study on the thiolysis of 1,2-epoxycyclo-
pH 4.0% and pH 7.C°° hexane-1-carboxylic acid (1a) by using a stoichiometric
We are currently involved in a project aimed at threen amount of phenylthiol (2a) at 30 °C, and the results are

preparation ofS-containing small and medium-size hetero- jllustrated in Table 1. We found that this reaction performed
cycles via one-pot multistep processes based on the thiolysis

of 1,2-epoxides. Within this area we have recently ac-

complished the one-pot synthesis of new heterocycles suc e n
as thiazolopyridinium saftéand 1,4-benzoxathiepin-2-ofies Table 1. Th|0|y3_|3 of 1,2-Epoxycyclohexane-1-carboxylic Acid
by using as thiols 2-mercaptopyridine and thiosalicylic acid, (1) by Phenylthiol 2a)

respectively. COOH COOH COOH
. . . - . . N PhSH 30°C ~SPh . “OH
Despite its valuable synthetic utility, thiolysis @f,S- 0 - .
epoxycarboxylic acid& o, 5-epoxycarboxyester$; 9 or o, 5- B (1.05 equiv) OH SPh
epoxycarboxyamidéshas been scarcely studiédnd it has 1a 2a 3a 4a
never been investigated in water as a reaction medium. .
Thiolvsis of b i id d their derivati reaction catalyst product®
iolysis 0 aﬁ-ep_oxycar oxylic acids and their derivatives o medium 10mol %) ¢ (h) 3a/da
has been studied in an organic medium under basic or acidic
conditions and in the presence or the absence of a Lewis ; 11:1128 gpﬁ 3'8; g 50““9550
acid (MgCb,’c CaCh,’® Yb(OTf)3,""9 and Ti(i-OPr)’d). All POLe \
! . 2 3 H,0 (pH4.0)  InCls 1.5 <1 >99
the processes carried out undg_r basm_condmons gave a 4 H,0 (pH 4.0) AICL 15 <1 68
preferential attack at the C-position, while under acidic 5 H,0 (pH 4.0) ZnCly 1.5 <1 40
conditions the G3 regioisomer was prevailing and thiolysis 6 H,0 (pH 4.0) CoCly 1.5 <1 14
proceeded with inversion or retention of the configuration 7 H,0 (pH 4.0) Cu(NOs); 1.5 <1 3
of C-a and C-fstereocenters. 8 DCM 15
9 DCM InCl; 1.5 <1 60
10 DCM InCl; 4 <1 >99
(5) Among many others: (a) Posner, G. H.; Rogers, 0. Am. Chem. 11 SFC ] 15
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R.; Hatsuda, M.J. Org. Chem2003,67, 4599—4601. (h) Magdalou, J..  2ain the presence of 10 mol % of IgZAICI3, ZnCh, CoClb,
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Chemistry, 2nd ed.; Wermuth, C. G., Ed.; Academic Press: San Diego, . . L. . .
CA, 2004; p 541. most efficient catalysts for the nucleophilic oxirane ring-

(7) (@) Chong, J. M.; Sharpless, K. B. Org. Chem1985,50, 1560— opening processes in water at pH 4.8ince all the ;1

1563. (b) Schwartz, A.; Madan, P. B.; Mohacsi, E.; O'Brien, J. P.; Todaro, : oA

L. J.: Coffen, D. L.J. Org. Chem1992.57, 851-856. (c) Inoue. H.; Nagao, hydrolysis constants of these Lewis-acid cataly§ts are Iarg'er
T. Chron. Drug Discoveryl993, 207—238. (d) Jacobsen, E. N.; Deng, L.; than 4, they should be able to express a high catalytic
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Woydowski, K.; Fleischhauer, J.; Shiffer, J.; LiebsherJJChem. Soc.,

Perkin Trans. 11999, 14;]9*153- (f) Aggarwal, V. K; Hyrgd), G, Pkicoul, The best result was obtained by using Q@O0 mol %)
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was totally regio- and stereoselectively formed (Table 1, entry exclusively, coming from the attack at the fCposition
3). With AICI;, 4awas exclusively formed but only a 68% (Table 2, entries 1, 3, 5, and f)-Hydroxy sulfides3 and4
conversion was reached (Table 1, entry 4). All the other were obtained in relatively short times, with completsi
Lewis acid catalysts employed gave lower conversions (3 diasteroselectivity and in all cases with excellent yields{85
40%) (Table 1, entries 5, 6, and 7). 95%). At pH 9.0 at 30°C 2a preferentially attacked the
The reaction ofla with 2a was performed in dichlo- ~ @-¢arbon oflc, 1d, andle (Table 2, entries, 4, 6, and 8),

romethane (DCM) and under SFC also. In the absence ofWNilé as expected, preferential attack at thef @enzylic
InCl3 no conversion at all was observed in both cases (Table position was observeq N the_c_ase of 1,2-epo>§1Ue§Ta_bIe
1, entries 8 and 11). The efficiency of InGhas lower in 2, entry 2). Under basic conditions the observed regiochem-

, 4 istry can be justified by invoking any@ mechanism while
DCM and the process requitd h togive productda (Table 4 . )
1, entries 9 and 10). Under SFC, when InGlas used as at pH 4.0 an § borderlinemechanism should be operating.

. . In the latter case electrophilicity at £is higher than that
catalyst, a 87% conversion was obtained after 1.5 h,3and P yatf :

44 f d'in 2 5/95 ratio (Table 1 12) W at C-a since a partial positive charge at tlfecarbon is
andaawere formed in a ratio (Table 1, entry 12). Water induced by the protonation of the oxirane ring, or by the

proved to be superior to the organic reaction medium (DCM) complexation of the carboxylic and oxirane oxygens by In-
and to SFC allowing the best efficiency to be achieved. Q).

These results open the route to the first catalgtiegio- Considering that alkylthiols have never been used under
and anti-stereoselective thiolysis af,-epoxycarboxylic  aqueous acidic conditions, we have also included in our study
acids in water. the thiolysis of representative5-epoxycarboxylic acidda—

The protocols for pH 4.0-InGlcatalyzed and for the pH ~ ¢.e by allylthiol (2b). 2b was chosen as a representative
9.0-promoted thiolysis by phenylthi®2§) were then applied  alkylthiol,® which possesses the allylic functionality, offering

The results obtained are illustrated in Table 3. As expected
Table 2. Thiolysis of o8-Epoxycarboxylic AcidsLb—e by |

Phenylthiol (2a) in Water Table 3. InCls-Catalyzed Thiolysis ofx,3-Epoxycarboxylic
OH SR Acids 1a—c,eby Allylthiol (2b) (1.05 molar equiv) at pH 4.0

O Hzo -
COOH COOH COOH COOH COOH
RB NG Phst RV * R1)y 5} ~SH (2b) %:QOH
R s

R2 S /Rz R2 bH

1 3 (C-0) 4(CP) : InCly (10 mol%), 30°C & >s—
1 5
entry epoxyacid pH catalyst T ' products’yield entry  epoxy acid T t yield
(10mol%) (°C) (h)  3/4 (%) O ® .
1 0 oond-0 InClL, 30 0.1<1/>99 95 T oo 0 20 =5
2 W 9.0 - 30 0520080 - @o
* 1a
2 o 30 1 90
3 /\/@/COOHALO InCl, 55 2 <1/>99 96 COOH
4 9.0 - 55 3 946 85 ®
1c
3 o 55 48 86
5 _<fQcoon 40 InCl 55 1.5<1/>99 94 <] -COOH
6 9.0 - 55 1 973 92 1e
1d
8 O coon 40 InCl 55 10 <1/>99 95 4 o o 5 45 s
9 9.0 - 55 72 57/43  95° \Ak

1e 1e

aReaction time relative to a conversiorf9%; 1.05 and 1.5 equiv of
2awere used at pH 4.0 and 9.0, respectivélRatios evaluated by GLC
analyses¢ Yield of the isolated major product.Isolated yields oBe and
4e.

aReaction time relative to a conversierf9%. " Yield of the isolated
products5.

the reactions o2b (1.05 equiv) were slower but in all cases
efficiency of the aqueous medium was confirmed both under INCls (10 mol %) was confirmed to be an efficient catalyst

basic conditions at pH 9.0 and at pH 4.0 in the IxCl ©) Alyithiors, although . —— .

. . . . ylthiols, although more efficient nucleophiles than the aromatic
Catalyz_ed proc_e;s. The pH playe_d a dramatic r(_)l_e In dlre_<_:t|ng ones? rarely have been used due to their higkafca. 11 while X, of
the regioselectivity of these reactions. Under acidic conditions aromatic thiols is ca. 6).

; ; _ ; ; _ (9) (@) Smith, M. B.; March, JMarch’s Advanced Organic Chemistry
(pH 4'0) the thIO|ySIS Ob"ﬁ epoxycarboxyllc aciddb—e 5th ed.; Wiley-Interscience Publication: New York, 2001. (b) Streitwieser,

in the presence of 10 mol % of InCyave adductgdb—e A. Chem. Rev1956,56, 571, cfr. 582.
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