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Abstract The synthesis of enantiomerically pure 5-menthyloxy- 
2(5B)-furanones is described as well as the 
diastereoselective 1,4-addition of thiols to these 
butenolides to yield new homochiral CQ-synthons. Kinetic 
resolution of 5-methoxy-2(5H)-furanone, with an enautiameric 
excess of 139, wae achieved by cinchonidine catalyzed 
thiophemol addition. 
The synthetic utility of the aeyzmetric th 01 additions is 
illustrated in an efficient route to enant 1 omerically pure 
(R)- and (S)-3,4-epoxy-1-butanol. 

Optically active 2,3-epoxyalcohols have served as starting materials in 

the synthesis of numerous complex chiral coappaunds x ever since the discovery, 

by Katsuki and Sharpless', of an efficient zmthod for their preparation by 

asyzmetric epoxidation. Similarly 3,4-epoxyalcohols might be applied as key 

chiral building blocks in synthesis. These developments have been hampered 

sofar by limited availability of enantiomerically pure 3,4-epoxyalcohols. 

In contrast to the asymmetric epoxidation of allylic alcohols, the 

titaniumtetraisopropoxide (Ti(OiPr).), diethyltartrate, t-butylhydroperoxide 

msdiated epoxidation of homoallylic alcohols gives rise to low to medium range 

enantiomeric excemes (e.e. '8 23-55%)= whereas chdcal yields are rather low. 

Similar results were reported for the formation of 3,4-epoxy-1-butanol using 

Zr(OiPr). instead of Ti(OiPr). (e.e. 40%).. For substituted hoztoallylic 

alcohols e.e.' s up to 77% have been reached=... 

Currently the most frequently applied route to optically active 3,4- 

epoxyalcohols relies on natural products as chiral starting materials. A 

convenient, though multietep conversion of S-malic acid (-1) into both (R)- 

and (S)- 3,4-epoxy-1-butanol (A) has been described by several groups~~~~' 

(scheme 1). An efficient enantioselective synthesis of (R)- and (S)-malic acid 

was developed by Wynberg and Staring. based on the cinchonidine catalyzed 

addition of ketene to chloral. 

Vandewalle and coworkersm reported a route to 2 and related CI-chiral 

synthons fram (S)-Erythrulose (1) containing the unnatural sugar 

configuration (scheme 1). 

Purthemore amtric syntheses of 1 are based on: 

i. kinetic resolution using a lipase catalyzed hydrolysis of esters of 

epoxyalcohols (e.e. 73% for recovered ester)xo. 

if. asymetric thiophenol addition to maleic esters zmdiated by cinchonidine 

followed by convereion into 5 (e.e. 81%)7. 
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Bxtensfve synthetic use of simple chiral building blocks such as 5 depends 

however largely on the availability of both enantiomers in an optically pure 

form. 

The limited success in asymmetric syntheses of 3,4-epoxyalcohols sofar 

urged us to develop a preparatively useful method for (R)- and (S)-3. 

Our methodology is based on 5-alkoxy-2(5H)-furanones (a), a new class of 

chiral synthons recently descrfbed.a~-x=-f' 

It can be predicted that due to steric shielding of the &-face of 2 addition 

reactions to the a,&unsaturated moiety in 1. will preferentially proceed 

stereoselective to the re-face. - 

This expectation has been realized in the Die18 Alder reactions of a variety 

of dienea with 2 with diastereoselectivities > 96%.x= 

Furthermore we found that 1,4-additions of amfnes to 2 provide 

S-aminolactones with exclusively a tram relationship between amine- and 

xenthyloxy-functfonalities. These adducts could be converted to enantio- 

msrically pUrQ aminodiols.as 

Based on these results we reasoned that new C4-chiral eynthons would bs 

acceesible by diastexeoselective 1,4-additions to 2 using appropriate nucleo- 

philes. We de6crfbe herein the asysmetrfc thfol addition to butenolfdes such 

as 1. and the asymnetric synthesis of optica1l.y pure (R)- and (S)-3,4-epoxy-l- 

butanol. 

Asvxmetrfc thfol udditions. 

Racemic 5-methoxy-2(5H)-butenolide 1 was prepared by acetalisa- 

tion of 5-hydroxy-2(5H)-butenolide 2 whfch was readily obtained by singlet 

oxygen photooxidation of fuxfuxal~~ (scheme 2). 

hcetslization of 1 with menthol yielded S-menthyloxy-?(%I)-butenolides 2 and 

u as mixtures of diastereofsomers (60r40 ratio). Crystallfsation (twice) 

from petroleum-ether or n-hexane provided enantiomerically pure z and z 

starting with l- or d-menthol respectively (scheme 2). 
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An epimerization of s to * and * to 104 takes place + eolution during 

the crystallization process. Thie epieeriaation cmn be accelerated by treat- 

ment with a catalytic amount of p-tolueneeulphonic acid. The procedure 

described here facilitates the formation of multigram quantitfee of enantio- 

mrically pure eynthona 9a and E as it makes separation of diastereoisomere - 

unnecessary. 

1,44ddition reactions of thiophenole to g, sa and e take place at room 

temperature in the presence of triethylamine to give a quantitative yield of 

adducte lla - llc and l2, 13 -- (scheme 3). 

R’ = RI’= H 

R’= “.R”= I-C(C”& 

R’ = RI’= CH3 

12 - 
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Complete diastereoselective Michael type addition occurred in all cases. Only 

on% diastereoisomer was obeenmd in the VI- and - +TM?hR spectra of 2 (and 2) 

whereas starting with a 60840 mixtuxe of E and E (or & and E) a 60840 

xiixture of diastereofsomers of 12 (or l3) was found. The tram-relationship 

between the alkoxy- and thiophenoxy-eubstituent was deduced from the 'El RRR 

coupling constant between the hydrogen atoms at the asynrmstric centers in the 

lactone ring. (Jnd,na < UN). Similar results were previously obtained in the 

additions of amines to 9a - .xa The absolute configuration at the newly foxmd 

chiral center is predicted to be R in the adduct 3 obtained from j& and S in 

the case of the adduct 3. This assignment is based on the absolute 

configurations of j+ and lOal%, the observed trans-dfaster%oselectivity and 

the X-ray analysis of the corresponding pyrrofidine adduct g.a**a%. 

This 1,4-adduct of & and pyrrolidine, obtained via an analogous prooedum, 

has the tram relative- and QR,SR-absolute configuration.a5 In accordance 

with these asnigrents we were able to convert 12 and 13 into S- and R- 3,4- 

epoxy-1-butanol respectively (vide infra). Although tbiol additions to 

buteuolides have been extensively investigated, especially iu connections 

with bioxdxtetic studies of the thiol group as Michael donora%, similar ad- 

dition reactions to S-alkoxy-butexolides have only recently been reported by 

Farina and co-workers. a7 Our nasults show that asymmtric thiol additions to 

chiral y-alkoxy-butenolfdes yield euantiomerically purei C4-chiral synthona in 

high yield under mild conditions. 

Xinetic resolution of S-methoxv-2f5H)-furanone. 

A number of studies on asymmetric thiol additions to achiral enones have b%%n 

described." Ruantioselective thiol additions to u,+uneaturated ketonena* and 

to maleic esters' catalyred by cinchona-alkaloids have been particularly 

successful. These reports prompted us to investigate the possible kinetic 

resolutiona* of racemic y-alkoxy butenolides 8 by means of asymmetric 

tbiophenol addition (schexe 4). 

As the thiol adduct 9 can be easily reconverted into butenolide g by 

treatment with base this approach would in principle allow the formation of 

both enantiomers of S without the use of a chiral auxiliary. 

SCBEME 4 

Li*lttI 
f&s : 

- 
77 

fc.a.=fO.f#~ 
THF 

HO OH 

1) (=&-St.Et,R 

W-g t 
*$_ 

(e.*.= 13%) 
2) LiM4~.lHF 

HO OH 

(It)-12 
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The addition of 0.5 equivalents of thiophenol to raceaic J-mthoxy-2(5H)- 

furanone (8) was perfoxmed at room temperature in the prereuce of a catalytic 

amount (0.8 ml(i) of I-cinchonid.ine as a ohfral base. Separation of the adduct 

and the remining startling material by distillation yielded (4S,!M)-g (fu]fa 

+ 0.7" (c-1.0, CziCl,)) aud butmolide (SR)-8 ([u]fo + 9.9* (crl.O,CEiCl~)). The 

optical purity and absolute configuration at the Ca cNra1 ceuter of _rS was 

determined via its lithiumaluminiumhydride reduction product j.&. ([a]% + 4.10 

(~1.4, CR&m)), Comparison with literature data v on 16 indicate an optical 

purity of 10.5%. 

The configuration at the metal chiral center in $_ and the optical purity of g 

was established in the following mauner. Mdftion of thiophenol in the 

presence of triethylaiuine followed by reduction with I&Al& yielded R-g 

([al% - S.OQ (c=l.4,cHaoH)). 
Provided no partial racemization takes place during thiol addition and 

reduction reactions (eee next part) and a linear correlation between enantlo- 

IIU3d.C excess and OptiCal pwCity ao is aswmd it can be deduoed from these data 

that the kinetic resolution catalymd by cinchonidine leads to (+)-butenolfde 

j_ with an enantiomeric excem of 13%. Furthermore the etereoeelective trans- 

addftion to S and the R-configuration in j& obtained from (+)-8 means that the 

(+)-enantiomer of 8 contains the R-configuration at the acetal chiral center 

(scheme 4). 

Although the optical purity of S obtained by the procedure deecribed here is 

rather low it is as far aa we know the first time that a cinchona-alkaloid 

catalyzed 1,4-addition has been applied for kinetic reeolution of butenol- 

ides. A8 & does not contain a chiral auxiliary alkoxy-group as compamd to $J 

and & we have now available for the first tinre partial enriched Waethoxy- 

2(5H)-furanone, a compound not easily resolved by classical meana. This allows 

a study of potential racemiaatfon via the Z-hydroxy-5-alkoxy furan tautoneric 

foxm of these promieing chiral synthons. PreUminazy reeults indicate that 

racemizatfon of f! does not readily takes place under neutral conditions. 
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a ART-WS-902 spectrometer. Elemental analyses were performed in the micro- 

analytical department of this laboratory. Diethyl ether (EtaO) and tetra- 

hydrofuran (TWP) were distilled from sodium benzophenone ketyl. All other 

solvents were distilled before use. EtjN was dried over RDH. d- and l- 

Menthol were purchased from Janesen Chimica. Optical rotations were measured 

on a Perkfn Klmer 241 Po1arimeter. Photooxidations of furfural and the 

preparation of 2 were performed using rose bengal or methylene blue as 

sensitizer and a 700 Watt high pressure mercury lamp (Hanau) analogous to 

procedures described before.*= 

!+Hydroxy-2(5H)-furanone (I) 

A solution of freshly distilled furfural (250 gr 2.6 mol) in 1.9 1 of methanol 

containing 0.050 g Rose Rengal was irradiated using a 7501 immersion lamp 

equipped with a water cooled -Jacket and a Rapton 500H filter. A small stream 

of oxygen gas was continuously passed through the solution. Irradiation was 

continued for approximately 26 h, while the conversion was monitored by Vi 

NNR. At 8 h interval16 small portions of seneitieer (10 mg) were added. After 

complete conversion the solvent was.removed by rotary evaporation to yield 280 

g of crude 1 that solified upon standing. This product was sufficiently pure 

for use as such in the next step. Recrystallization from CCL yielded white 

crystalline 1; m.p. 57.3-59.2*C; lit.'= m.p. 58.0~60.0°C 

S-Methoxy-2(5H)-furanone (3). 

A solution of 50 g(0.5 mol) of 5-hydroxy-2(5H)-furanone (I) in methanol (200 

ml) was heated at reflux for 3 days. The solvent was removed by rotary 

evaporation and the residue distilled to give 42 g (74%) of g as a colourless 

oil; b.p. 70-72Y, 2rma; lit.== b.p. 45-48*C, 0.1 mm, 'IS NM1 (CDCl,) 3.5 

(s,~H,CRS), 5.8 (s,lIi,C~-II),, 6.2, 7.2 (ARq,2R,J'=6Hz,Cn-H,Cs-?I). 

S-(l)-Wenthyloxy-2(5X)-furanone (9a). 

5-Hydroxy-2(5H)-furanone (4.08 g,40.8 mmol) was heated under stirring at 100- 

1lOOC with 8.06 g(51.7 mmol) l-menthol for 3 days. The excess menthol was 

removed by distillation (b.p. EO-90°C, 0.1 mm) and prolonged distillation 

yielded 5.34 g (55%) of butenolide 2 as a viscous oil; (b.p. 128-132V (0.1 

mm); mixture (60r40 ratio) of s and 9b) that solidified upon standing. IH NNR 

(CDCL) 0.7-2.0 (m,lBH,menthyl-H's), 3.60 (m,lH,C(R)O), 5.86 (s,0.4H,Cs- 

R(9b)), 5.97 (s,0.6H,Cs-H(Sa)), 6.10, 7.10 (dd,2H,J=6He,Cs-&C.-N). 

Two crystallisatfons of 7.25 g of 2 from petroleum ether (40/60) or n-hexane 

at -18V yielded 3.12 g (43%) of enantiomerfcally pure B as white needles. 

The combined mother liquors were evaporated to dryness. The remaining solid 

was redissolved in benzene and heated at reflux in the presence of a chta- 

lytic amount (0.3 mol%) of p-tolueneeulphonic acid during 1 hour. The solvent 

was removed in vacua and the residue crystallized twice as described above to 

afford additional 1.2 g of enantiomerically pure a (combined yield 60%)~ 

*I m.p.70.7-71.30C; [alao - 136.80 (c==1.o,cRc11); 

%H NMR (CDCL) 0.65-2.32 (m,18H, menthyl-H's), 3.58 (m, lA, C(H)O), 5.97 (8, 

1X, CS-H), 6.10 (d, 18, J=6.0 HZ, Clr-H), 7.08 (d, 1X, J-6.0 Hz, Ca-H); =‘C 
I?MR (CDCL) 15.51 (q), 20.57 (q), 21.93 (q), 22.87 (t), 25.04 (d), 31.17 (d), 

33.93 (t), 40.05 (t), 47.46 (d), 78.79 (d), 100.26 (d), 124.36 (d), 150.79 

(d), 170.46 (8); WRMS calcd. 238.157, found 238.155. Anal. Calcd for 

CI.HD~OIIS C, 70.56; H, 9.30. Found: C, 70.49; H, 9.18. 

5-j(d)-Wenthyloxy-)-2(5H)-furanone (lOa). 

Prepared as described for & using d-menthol: 

m-p. 74.2 - 74.4OC; [a]# + 139.7O (c 1.0, CHCla). 
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~iopheno~additions to y-alkoxybutenolides; typical procedure. 

To a solution of 1.0 g (4.2 mmol) S-(1)~menthyloxy -2(SIi)-furanone (9a) in 10 

ml of CHaClo wae added 0.46 g (4.2 -1) of thiophenol. The mixture was 

cooled to O*C and triethylamine (0.21 mmol) was added. The solution wan 

Subsequently etirred at O°C for 15 min. and at 2OY! for 1 hour, The 

rethylenechloride and triethylamine were removed in vacua to yield 5-(l)- 

menthyloxy-4-phenylthiobutyrolactone (l2) as a white solid; 1.44 g (100%) 

m.p. 77.8-78.0'C; (u]W' - 62.2O (c l.O,CHClr); +H NhRr 0.65-2.05 (m,18H, 

menthyl-H's), 2.34-2.41 (dd,lH,J=EiHz, J=3Hz), 3.01-3.08 (dd,lH,J=l5Hz, 

J=8Hx), 3.35-3.45 (m,lIi), 3.72-3.80 (m,lXi), 5.45 (s,lH,J=8Hs), 7.20-7.39 

(m,SH,aryl-H's). 

)-"C HWR: 15.41 (q), 20.66 (q), 21.95 (q), 22.85 (t), 25.29 (d), 31.04 (t), 

33.58 (t), 33.99 (d), 39.46 (t), 46.25 (d), 47.43 (d), 77.47 (d), 103.81 (df, 

127.67 (d), 129.17 (d), 131.31 (d), 132.32 (s), 174.05 (8). 

IR (KBr, cm-a)t 3100-2900 (C-H), 1800 (C-O), 1600 (C-C), 800-650 (aryl) 

HRMS calcd 348.176, found 348.175. 

5-(d)-menthyloxy-4-phenylthiobutyrolactone (l.3) 

m.p. 79.1-79.3'C, [ala0 + 60.6" (c 1.0, CHC1~); further data as deecribed 

above. 

Kinetic resolution of 5-methoxy-2(5H)-furanone #). 

To a eolutfon of 0.5 g (4.3 mmol) of thiophenol and 0.01 g l- 

cfnchonidine in 5 ml of toluene at O°C was added 1.0 g (8.3 nuuol) of 5- 

methoxy-2(5X)-furanone, After stirring at room temperature for 24 hour6 the 

solvent was remwed in vacua and the residue fractionated by distillation. 

There was obtained 0.4 g (40%) of (S-)-5-methoxy-2(SH)-furanone(8); b.p. 80- 

90' C, 0.1 mm, [cr]V + 9.9* (c 1.0, CHCls) and 0.3 g (20% based on 5) of 5- 

methoxy-4-phenylthiobutyrolactone (l5); b.p. 140-150°C, 0.1 mm, [u]S" +0.7' 

(C 1.0, CHClr). 

Compound 2 (0.3 g) wae reduced with L.iAl& in TKP as described below to 

yield (S)-2-phenylthio-1,4-butanediol (5-g); 0.23 g (90%); [ala0 - 5.0* (c 

1.4, C&OH) (optical purity 13%). In all respect8 (except for rotation) 

identical with (S)-E prepared from x. 

The addition of thiophenol to (Sf-3 wtk6 performed following the typical 

procedure described above to give (4S),(SR)-15 (IO00 yield): [ala0 - 0.80° (C 

1.0, CHCIJ,), =H NMR (CDCl~)r 2.21-2.48 (dd,lH,J-15Rz,J-3Hz,CI-R), 2.86-3.18 

(dd,lR,J=lSHz,J=8fie,CI_EI), 3.4 (s, 3H, CC&), 3.61-3.79 (m,lH,&-H), 5.2 

(s,lH, &-Ii), 7.20-7.40 (m,SIi,aryl-R's). 

Reduction of (4S),(5R)-15 with I&Al& in THP as described below yielded (R)- 

l.6, [ala0 + 4.1° (c 3.0, CH~OH) (optical purity 10.5%). 

Kn all respects (except for rotation) identical with (Sf-16 prepared from 2. 

2-Phenylthio-1,4-butanediol (J.6): 

To a stirred suspension of 0.27 g (7.0 mpmol) of LiAlHr in tetrahydrofuran 

under a nitrogen atmoephere at O*C was added 1.3 g (3.5 mmol) of 5-(l)- 

menthyloxy-4-phenylthiobutyrolactone (l2) diesolved in 20 nil of tetra- 

hydrofuran. 



Additions to 5-akoxy-2(5H)-furanones 7221 

The mixture was stirred at O°C for 1 hour and subsequently at room 

temperature for 12 hours. The excess L.i.Al& was destroyed by careful addition 

of 1 ml of water and 1 ml of 10% aqueous XOE solution. The salts that 

precipitated were removed by filtration and washed with diethylether (2x50 

al). 

The combined organic layers were dried (NaxSOr), and the organic solvent 

removed in vacua. Distillation of the residue gave 0.49 g l-menthol at 80- 

100°C (0.1 mm) and subsequently (x)-l6 as a colourless oil; - 

yield 0.56 g (81%), b.p. 160°c, 0.1 mm; [o]P + 40.2 (c 3.5, C&OH), lit.7'r 

[cc]EP + 40.2' (c 3.5, CHIOH) (100% optical purity). 

=li NMR (CDCls): 1.65-1.81 (m,ZH,Ca-A), 3.15-3.27 (m,lH,Ca-H), 3.38-3.76 

(m,QH,G-H, CI-H), 3.95-4.18 (s,br,ZH,OH), 7.05-7.32 (m,SH,aryl-H's). 

1=C NMR: 34.59 (t), 48.73 (d), 59.98 (t), 64.32 (t), 127.28 (d), 128.93 (d), 

132.25 (d), 133.47 (6). 

Ill: 3500-3200 (br,OH), 3100-2900 (C-H), 1200-1000 (C-O). 

RRMS calcd. 198.071, found 198.072. 

Following the same procedure (S)-16 was obtained; yield 0.58 g (84%), b.p. - 

16O'C (0.1 mm); [a]#' -41.7O (c 3.5, CHsOH), lit.-' [u]ZP - 32.6O (c 3.5, 

CHsOH) for (5)-a with an optical purity of 81%. 

3,4-epoxy-1-butanol (A). 

To a solution of 0.15 g (0.8 mmol) of (R)-2-phenylthio-1,4-butanediol in 10 

ml of dichloromethane was added 0.15 g (1.0 mmol) of freshly preparedxa 

trimethyloxoniumtetrafluoroborate. The suspension was stirred at room 

temperature for 2 hours during which period the major part of the salt 

dissolved. To the solution was added 10 ml of a 0.5N solution of XOH in 

methanol. The conversion of 17 was followed in this stage by T.L.C. on silica - 

with n-hexane as an eluens. Complete conversion was reached in 40 min. The 

reaction mixture was purified by flash chromatography over silica-gel using 

ether as the eluens. 

The ether was removed in vacua and the residue purified by chromatography 

(silica-gel, n-hexane, diethylether 80/20, Rf-0.4), to give (S)-3,4-epoxy-l- 

butanol 3 as a colourlese oil: 0.050 g (71%); [a]30 - 30.7O (c 1.0, CHxCl.) 

lit.' [ala0 - 30.6" (c 5.1, CHnCll) for 3 with an e.e. > 99%. 

1H NMR (CDClr): 1.7-2.0 (m,2H,C=-H), 2.4 (s,lH,OH), 2.5-2.7 (m,lH,G-H), 2.8- 

3.0 (m,lE,C.-H), 3.0-3.2 (m,lH,G-H), 3.6-4.0 (t,2H,J-6Hz,C1-H). All further 

spectral data in accordance with those reported in the literatures-' and 

measured for an independently prepared sample of (R,S)-4. 

(R)-3,4-epoxy-1-butanol: prepared following the same procedure from (S)-2- 

phenylthio-1,4-butanediol in 64% yield: [u]P +31.4O (c 0.5, M&la), lit.6 

[a]ZP +29.5' (c 5.1, CH&la) for i with an 8.8. - 93%. 

(R,S)-3,4-epoxy-1-butanolr 

Thie compound was eynthesieed according to the procedure described by Bats 

et.al.la via LIA~HI reduction of 3-butenoic acid to 3-butene-l-01 (50% yield) 

followed by epoxidation with metachloroperbencoicacid (77% yield). 

(R,S)-1: b.p. 70°C (12 mm), lit.'.: b.p. 89'C (25 mm), all spectral data as 

reported. 
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