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Abstract.- The reaction of the dilithium salt of phenylselenoacetic acid 
with a variety of glycidyl substrates yields 5-heteromethyl-3-phenylseleno- 
tetrahydrofuran-2-ones. Selective oxidation of the selenium atom allows the 
preparation of 5-thiomethyl- and 5-aminomethyl-2-(z)-furanones. 

INTRODUCTION 

Our interest in the synthesis of y-heteromethyl substituted a,B-butenolides, 1, as potential 

antiviral and bacteriostatic molecules, and as synthons for the construction of more complex struc- 

tures, has led us to the design of several synthetic pathways for this kind of compound. 1*2'3 While 

y-alkoxymethyl-a,E-butenolides can be easily prepared from D-ribonolactone2 or L-glutamic acid, 4 

there are no general procedures to obtain compounds of type 1, X=SR or NM'. 
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We have already shown that substitution reactions on easily available y-hydroxymethyl- or 

y-bromomethyl-a,&butenolides compete strongly with an elimination reaction that yields 

protoanemonin (y-methylene-a,6-butenolide1.3 On the other hand, although this last substance gives 

in so- cases l,S-addition reactions, e.g. with phenylthiol, the procedure is not general since 

very complicated mixture crudea are obtained, especially in the cae.e of nitrogen nucleophiles. 5 

However, another approach could be envisaged vhere. the butenolide is formed through two 

moieties, one of them already carrying the heteroatoa portion X and the other being an acetic acid 

synthon. We have used this approach by condensation of glycidyl ethers with diethyl malonate, and 
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after a long sequence the double bond of the butenolide was created. 
1 

Unfortunately this method 

could not be used for sulfur or nitrogen derivatives. 

Nitrogen substituted butenolides of type 1 were then very reluctant to be synthesized. A bi- 

bliographic revision showed us that only three references exist on compounds of this type with a 

hydrogen atom in the Y position, although the butenolide ring is additionally substituted in a 

and/or 6 positions with electronegative atoms (halogen, OH or OMS).~"'~ All other d-nitrogen 

substituted butenolides found have the Y position difunctionalized with alkyl chains, ae for 

example in the alkaloids of the securinega type, e.g. securinine 2. 
9 

From our studies1 it seemed clear that the presence of a y-hydrogen and a basic b-nitrogen in a 

same a,B-butenolide would make very unstable these substances. However, it is important to show if 

this kind of compounds can exist and if they are the first intermediates in the reaction of proto- 

anemonin with amines since the pharmacological activity of this Y-methylene-a,B-butenolide has been 

atributed to its reaction with the amine residues of the cell proteines. Therefore an easy, rapid 

and mild method for the synthesis of butenolides of type 1 was necessary. 

We thought that the epoxide methodology could be further explored, especially having in mind 

that the reaction of the dilithium salt of phenylthioacetic acid with oxiranes has already been 

used in the synthesis of butenolides. 
10 

We show herein that the dilithium salt of 

phenylselenoacetic acid also reacts with glycidyl ethers, thioethere or amine8 in good yields 

affording the corresponding a-phenylselenobutanolides. The selective oxidation, in very mild 

conditions,l' of the selenium atom haa allowed us the preparation of 1, X=SR or NM'. While this 

work was completed, Hanessian et al. published a note 
12 . 

ln the same sense although no b-sulfur nor 

d-nitrogen substituted a.&butenolidea were described using this methodology. 

RESULTS AND DISCUSSION 

Scheme 1 shows the steps utilised in our synthetic approach to y-heteromethyl-a,&butenolides 

containing oxigen, sulfur or nitrogen in the I-position. 
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Scheme 1 

Reaction of tht dianion of phenylselenoacetic acid (prepared with lithium diisopropylamide, 

LDA) with the appropriate epoxide (S-6) in tetrahydrofuran, followed by acidification and heating 

at the reflux temperature, afforded diastereoisomeric mixtures of lactones 7-10 in good yields 

(Table 1).13 Since after oxidation both the trans and tie isomera will lead to the same butenolide, -- 

n6 special efforts were made to separate ea:h isomer. 
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However, in the process of purification of the reaction crudee, p we samples of each dieetemo- 

isomer could be isolated for compounds 7, 9 and 10.' Aeeuming that in thia kind of molecules the 

unit C,-O,-C,(O)-C, is nearly planar 
14 

(Figure 1) and considering the coupling constant values 5% 

and J 34, experimentally obtained in each ceee, the lees polar component of the mixture was 
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tentatively assigned to the trans isomer, and the more polar to the cis. In the cis isomer the - - 

clearly preferred conformation would be the one with the two bulky groups in equatorial positions 

(A). Considering the dihedral angles H3-C3-C4-H4 and H3-C3-C4-H4,, similar values of the coupling 

constants J 34 and 5%’ should be expected, as it is the case in the PHR spectra of the more polar 

isomers. The different values of J34 and J34, observed in the PMR spectra of the less polar isomers 

can be explained assuming a similar contribution of both forms (C and D) in their conformatibnal 

equilibrium. See experimental part for i$e respective J values. 
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(Cl 
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(f.3) 

Figure1 

Oxidation of lactones 7 and 9 was performed with excess H202 following the standard described 

procedure 
15 

and since elimination of benzeneselenenfc acid occurs simultaneously the corresponding 

new a,&butenolides 11 and 13 were obtained. In spite of having a nitrogen atom in the 6 position, 

5-pyrrolldylmethyl-2(5&)furanone 13 proved to be a stable compound and no special precaution had to 

be taken to prepare or manipulate it. 

When the selenium atom was not the only easily oxidable group present in the molecule (as it is 

the case in butanolidea 8 and lo), the oxidation-elimination step had to be performed in different 

conditions. 5-Phenylthiomethyl-2(z)furanone 12 and the nw 5-(4-morpholinyl)methyl-2(z)-furanone 

14 were prepared by oxidation of the corresponding phenylselenobutanolides 8 and 10 respectively In 

a two phase system solvent. l6 Oxidation of 8 was effected with a slight excess of H202 in neutral 

medium, while a large excess of H202 in acidic medium was used to oxidize lactone 10. Butenolide 14 

can be handled in acidic solutions or as its hydrochloride and was identified as a base by its 

spectroscopical data. However, in this state it decomposes rapidly to give protoanemonin. 

Thus, we show in this paper that using the procedure recently reported by Hanessian 12 o,B-but- 
enolides 1 (X=NRR') have been obtained for the first time. These compounds are stable if the nitro- 

gen atom is weakly basic as in 13, but when it has an aminic character, and can be easily 

eliminated as amine, the compound decomposes. This behaviour explains the lack of stability found 

for d-aminotetronic lactones7 and the stability observed for a more complex 

I-aminomethyl-a.B-butenolide', where the elimination reaction CaIl not give a 

y-methylene-a,B-butenolide. ltoreover our work presents, to the best of our knowledge, the first 

example of a carbon-carbon double bond creation by an oxidation-elimination procedure from a 

phenylselenium unit in the presence of a phenylsulfur moiety. Ue are extending this method to the 

synthesis of other yaminome~l-a.Cbutenolides, particularly to structures found in natural 

products. 
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IB spectra wire recorded on a Perkin-Blrr md. 720 spectrophotometer, 
at 80 IDk and 20 IRIx respectively on a Rruher VP-80 spectromtsr, 

FltR and *Ic IIR spectra 
and ma spectra were 

perfoxmd under electron iqact at 70 eV or chemical ionization tR&) on a hewlett-Pacxaro 
5930 A spectrorter, Distillations mra effected on a rotational distillator DUchI, md. IIRV 
6W30 (only oven t~raturs giVeen>. Ilicroanalysea mre performd at Consejo Superior da 
Investlgaciones Cientificas. 

General procedure for the synthesis of 5-heteromthyl-3-phenylsalenotetrahydrofvrao-2-ones. A 
solution of phonylselenoacotic acid (432 m, 2.0 Imole) in TRP (2 al) was added to a stirred 
solution of LDA (4.4 mle) in TRP (8 sl) at 0% under argon and the mixture stirred for 1 h. 
Then a solution of epoxido (2.0 -10) in TRF (4 ml) was added, the reaction mixture let to 
warm to room teqrature and stirred for 3 h. The cool slurry wk8 acidified with glacial acetic 
acid, and heated at the reflux tewrature for 6 h, then nsutralized (IaHcoS saturated 
solution) and extracted with ether. The organic extracts ware washed with water, dried (anh. 
Ra&&) and the solvent rsmved yielding a crude material, with vas purified by flash column 
chromtography. All phenylselenobutanolides 7, 6, 9, and 10 ware fully characterized by their 
spectroscopical data (see below). They are oil compounds very difficult to purify and, since we 
considered them as intermdlates for the preparation of the corresponding a,R-butenolides, no 
effort wa6 always made for purifying them enough to perform microanalysis. 

5-Ethoxymthyl-3-phenylselenotetrahydrofuran-2-one 7. Following the general procedure, from 
ethoxymthyloxirane 3 (204 w, 2.0 mmle), after purification by flash column chromatography 
(CHaCln), 334 a (1.12 -10, 56% yield) of 7 were obtained. IB (film): 'r 3060 (w), 2980 Cm), 
2930(n), 2870 (II), 1760 (s), 1580 00, 1470 (n), 1440 (I), 1380 (ml, 1275 (B), 1170 (8). 1120 
(s), 1060 (n), 1025 (ml, 935 Cm), 740 (s), and 690 W cm-'. IE: We W 300 (I, 75.1), 272 
(12.4), 213 (12.3), 185 (60.0), 157 (lOO.O), 8'7 (25.5), 77 (37.8), and 29 (40.91. Found: C, 
51.91; B, 5.51. ClrlI~&hSe requires: C, 52.18; 8, 5.39. Analytical samples of the trans Wa) 
and cfs (7b) isomrs could be wnarated. '?a: PRR UXCM: 6 7.78-7.59 (28, n). 7.45-7.24 (3H, 
m), 4.44 (16, m), 4.04 (IfI, dd, ;=6.2, J'=4.9), 3.52 (28, q, J=6.7), 3.73-3.34 (2B, 1), 2.44 
(2H, m). and 1.15 (3H. t, Js6.8); 'F RRR KDClr): 6 175.4, 135.3, 129.1, 126.7, 126.8, 77.5, 
71.2. 66.9. 36.6. 32.4. and 14.8. 7b: PRR UX.lr): 6 7.76-7.57 (211, a), 7.42-7.24 (38, m), 
4.56 illi, h), 3.69 (Hii dd, J=9.8, J'=8.6), 3.49 (2H, q, J=7.0), 3.45 (28, m), 2.45 (2R, m), 
and 1.17 (3H. t, J=6.9); 'T RRR KDCle): 6 175.6, 135.2, 129.2, 128.6, 127.8, 77.5, 71.3, 
67.1, 36.8, 32.2, and 14.9. Acidification of the aqueous phase, followed by extraction with 
CR&ls allowed us to recover 146 pg (0.46 nale, 32%) of starting phenylselenoacetic acid. 

5-Phenylth,iomthyl-3-phenylwlenotetrabydrofuran-2-one 8. In the usual manner, from 
phenylthiomthyloxirane 4 (332 w, 2.0 mle), after purification by flash column 
chromtography (CEZZCCLZ) 529 38 (1.46 mmle, 73% yield) of 8 wBre obtained, as a xixture of the 
trans and cfs iaomrs. PRR KDcle): 6 7.74-7.16 (108, ml, 4.66-4.17 (lH, n), 4.10-3.04 (lH, m), 
3.42-1.86 (4H, n). IR (film): * 3040 co), 3000 (w), 2910 Cm), 1750 (61, 1570 (m), 1470 (s), 
1430 (a), 1330 cm), 1290 (m), 1170 (s), 1085 Cm), 1065 (n), 1020 (s), 910 (m), 735 (s), and 685 
(8) cm-'. l&5: U/e (%) 366 (2.1), 365 (2.1), 364 (II, 9.3), 362 (3.3), 207 (72.61, 157 (31.9), 
155 (18.8), 123 (69.7), 109 (27.7), 77 (71.1), 65 (32.1), 55 (59.11, 51 (47.21, and 45 (100.0). 

5-Pyrrolfdylmthyl-3-phe~ylselenotetrahy~ofuran-2-one 9. In the above conditions, from 
pyrrolidyl~thyloxirane 5 (246 51, 2.0 mmle), after purification by flash _column 
chromatography (BtAcO). 554 w (1.73 mmle, 87% yield) of 9 were obtained. IB (film): l 3050 
(IV), 3000 cm), 2920 (ma), 2680 Cm), 1760 (s), 1500 (m), 1440 (m), 1360 Cm), 1340 (m), 1300 (s), 
1175 (s), 1100 (s), 1080 cm), 1040 (m), 940 (W, 840 (w), and 740 (6) cm-'. W n/e (%I 323 
(4.5), 322 (5.3), 321 (II, 22.1), 320 (2.3), 319 (8.0), 318 (4.5), 317 (4.5), 213 O.O), 212 
(7.0), 164 (62.3), 157 (35.8), 118 (23.7), 80 (lOO.O), 77 (30.2), 53 (35.6), and 51 (25.8). 
Analytical samples of the trans (9a) and cir (9b) isomrs could be isolated. 9a: PRR (CDCle): 6 
7.78-7.09 (SK. r). 6.61 (28. t. J=2.4). 6.16 (2H. t. Jr2.0. 4.56 (18. II. J,=9.1. Jr5.3, 
Jav4.0, J.=3.6), 4.20 (lH, dd, J=-15.0, J'=3.6), 3.98 ilH, dd, .J=-15.0, J;=I:O), 3.49. (lR, dd, 
J=4.8, J'=8.5), 2.28 (lH, ddd, J=4.8, J'=-16.9, J"=Q.l), 2.27 (ItI, ddd, J=8.6, J'=-16.9. 
J-=5.3) (This spectrum was partially sfulated with a DARTB programm). 'rC, RRR <CDcl&: 6 
174.7, 135.4, 129.3, 126.9, 126.6, 121.5, 109.2, 77.6, 52.0, 35.9, and 32.9. 9b: PRR KDCl&: 6 
7.76-7.12 (SE, II), 6.62 (2H, t, J=2.3), 6.15 (2H, t, J=2.3), 4.58 UH, n), 4.03 (38, m), and 
2.33 (2H, n). '=C RRR (CDClr): 6 174.7, 135.6, 129.3, 128.9, 126.7, 121.0, 109.0, 77.6, 52.4, 
36.5, and 32.7. 

5-~4-l[orpholfnyl~mthyl-3-pheaylbelenotetrahgdrofuran-2-one 10. As In the preceeding runs, from 
4-mrpholinylmethyloxirane 6 (286 q, 2.0 mle), after purification by flash column 
ohro=tography (BtAcO), 508 w (1.42 mmle, 71% yield) of 10 ware obtained. IR (film): 3 3050 
(w), 2950 (n), 2920 (1), 2880 (a), 2650 (I), 2800 (n), 2680 (w), 1760 W, 1570 (w), 1470 (a), 
1445 Cm), 1430 W, 1350 (a), 1320 (w), 1280 W, 1175 (s), 1140 (m), 1110 (s), 1965 Cm), 1035 
cm), 1020 cm), 1010 (I), 960 (w), 940 Cm), 880 (s), 790 (w), 735 (6)) and 690 (8) cf'. IL9 m/e 
(%) 341 (1. 3.8). 
(33.1).Analytical 

339 (1.2). 157 (8.9). 155 (4.5). 100 (100.0). 77 (800). and 42 
samples of the traas (l&j and cfs (lib) 18omers could be separated. 16a: 

PRR (CDClr): 6 7.77-7.58 (2H, m), 7.46-7.22 (38, m), 4.48 (lH, m), 3.99 (18, dd, Jv7.2, 
J'=4.0), 3.60-3.59 (48, ml, and 2.72-2.05 (88, m).'q n[p KDCle): 6 175.0, 135.1, 129.0, 
128.6, 126.7, 77.1, 66.4, 61.6, 53.8, 36.2, and 34.2. lob: PRR KDCle): 6 7.80-7.59 (2R, 1), 
7.46-7.23 (3H, 1), 4.56 (18, m), 3.99 (18, dd, J=J'=9.3), 3.78-3.57 (48, 1), and 3.06-1.84 (BH, 
m). 'DC RHR KDCle): 6 175.4, 135.4, 129.2, 128.7, 127.2. 77.2, 66.6, 62.2, 54.1, 36.7, and 
34.0. 
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5-Bthoxymthyl-2(5H)-furanons Il. A solution of 297 3~ of 7 in TIW (2 ml) at OOC was treated 
with 3 drops of glacial acetic acid and 0.70 ml of 30x Ii& and stirred at 0% for 30 minutes. 
The reaction mixture was neutralized (IaRC& saturated solution) and extracted with CHsCll. The 
organic extracts wsrs uashsd with water, drlsd (anh. RassOd) and the solvents remved, pieiding 
145 38 of 11 (160% yield), bp 90%/0.45 m. PRRUXCls): 6 7.52 (18, dd, J=5.8, J'=l.f), 6.17 
(lli, dd, J=5.8, J'=2.0), 5.15 (18, a), 3.66 (28, m), 3.56 (28, q, J=6.8), and 1.19 (3H, t, 
J=b.O). 'F RXR (CDCls): 6 172.6, 154.0, 122.2, 82.2, 89.9, 67.2, and 14.7. IB (fill): 3 3090 
(a), 2970 (I), 2870 (a), 1750 W, 1600 (n), 1440 (a), 1380 cm), 1330 cm), 1270 (a), 1180 W, 
1100 (81, 950 (a), 925 (n), 885 W, 860 cm), and 820 (s) cm-'. lg: m/e W 112 (2.7), 98 
(8.5), 97 (10.9), 96 (14.4), 84 (47.9), 83 (28.8), 68 (19.8), 59 (loo), 55 (73.91, 54 (39.5), 
and 42 (49.5); c.1.: 
59.14; H, 7.09. 

177 <N+35) and 160 (Nt18). Found: C, 58.99; 8, 7.38. CTRI& requires: C, 

5-Phsnylthiooethyl-2~5H~-f uranons 12. To a solution of 169 q (0.46 nmole) of 8 in CR&l= 
!I.5 ml), 30% Rslls (0.87 mmle) was slowly added and the tixturs stirred at room tsmpsrature 
for 15 minutes. Then water was added and ths aqueous laysr ktracted with C&Us. The organic 
extracts wers shed with water, dried (anh. IlassO&), and the solvsnt remved. Purification by 
flash %olumn chroatography (C&Cl& affordsd 54 q (0.26 mle, 57% yield) of 12, identical to 
that described before.' 

5-Pyrrolidylw~hyl-2(58) -furaaons 13. Oxidation of 479 3g (1.5 mmle) of 9 in the sam 
conditions described for ths synthesis of 11 afforded 247 w (1.5 mle, 100% yield) of IS, bp 
95='C/O.O7 m. PXR UXClr): 6 7.34 UH, dd, J=5.8, J'=l.6), 6.61 (2H, t, J=2.1), 6.14 (2H, t, 
J=2.2), 6.05 (lH, dd, J=5.8, J'=2.2), 5.22 (lH, m), and 4.22 (28, d, J=5.0). 'Wc'tl(B (CDCls): 6 
171.9, 152.7, 122.9, 121.3, 109.1, 82.2, and 50.8. IR (filn): 9 3130 (w), 3000 tw), 2960 (w>, 
1785 cc), 1510 (w), 1300 (n), 1275 (m), 1170 cm), 1105 cm), 820 (ml, and 740 W cm-'. IS: m/s 
(%) 164 (WI, 3.1), 183 (I[, 36.2), 81 (5.8), and 80 (100). Found: C, 66.27; E, 5.59; 1, 8.45. 
Gli~llol requires: C, 66.25; 8, 5.58; II, 8.58. 

5-(4-~r~holfny~)~ethy~-2(5H)-furanone 14. To a solution of 187 nrg (0.49 aarrle) of IO in CHICls 
(3 ml) at ODC, 15 drops CF&.&H were added. The solution was'carefully treated with 340 pl of 
30% HZ&, lcssping the temperature at OOC. Then it was stirred at room tempsrature for 15 
minutes.To elimlnats the excess oxidant, 312 q of SaaSOI.were added to the cooled (its bath) 
solution, this was basified (1aHCOs saturated solution) and extracted with CHaCln. The organic 
extracts (l%re washed with water, dried (anh. IlarSO~) and the solvent remved, giving 55 ng 
(0.30 mmle, 61% yield) of 14. This compound dscoaposss rapidly. PNR (CDCls): 6 7.49 (lil, dd, 
J=5.8, J'=1.3), 6.18 (18, dd. J=S.8. J'=l.B). 5.15 (1H. n). 3.70 <IIf. t. 3~5.3). and 3.07-2.00 
(6R, m). 'C R'MR (CDClr): 6 172.6; 154.9, 122.1, 81.8, -66.8; 80.6, anh 5a.l. IR <film)i+ 3000- 
2750 (m), 1740 (s), 1625 (w), 1440 (w), 1150 (a), 1110 (6). 1080 (w), 1005 (w), 860 (w), and 
810 (w) cm-'. RS: m/s <%) 101 (10.0). 100 (loo), 70 (10.31, and 58 (15.8); c.f.: 184 (Rtl), and 
100. The chlorhydrate was prepared by bubbling fiC1 through a solution of freshly prepared 14 in 
CHzCla. In neither cass an analytical sample for elemental analysis could bs obtained. 
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