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A6sbwch: Reaction of mangamic acetate in acetic acid with ~-diketones and p-ketoestcm Icads to gemmtiot~ of intemtediates, 

which add efticiently to endocyclic unsahlrated em1 ethers to afford fused acals. 

The importance of pheromonal bicyclic spiroacetals, and of antibiotic polycyclic spiroacetals has stimulated the 

development of efficient methods of synthesis of spiroacetals. By contrast the interest in the synthesis of fused 

acetals has been more modest. The aflatoxins such as allatoxin Bl (l), having a furobenzofutan subunit, attracted 

early interest1 and their potential as serious food toxins has led to a continued synthetic activity? The importance 

of developing efficient methods of synthesis of fused acetals has recently been increased by the discovery of 

novel fused acetal antibiotics. Thus the furofuran moiety is found in the dendrillolides3 e.g. (2). asteltoxin4, and 

rhyacophiline5, ’ in addition to the structurally more complex sterepolide6. The furopyran moiety is found in 

paraherquonin7, the striatins8, astepyroneg and rubrolone lo. Fused acetal substructures are a feature of a 

number of structurally complex carbohydrates such as the affinosidesl l, acmimycin 12, caerulomycin D13, 

ranuncoside14, and spectinomyci&‘. Important anti-feedant activity of fused acetals is established in 

azadirachtin and related compounds and certain clerodanes ‘4 The observed biological activity of relatively 

simple fused acetals emphasizes the importance of the synthesis of both natural products and their fused acetaI 

sub-fragments. Recently one general method based on diazoketone chemistry has been developed17 for 

(1) (2) (3)X=NMe (4)X=0 

the synthesis of such fused acetals, and the potential application to aflatoxin synthesis was noted. The reaction 

proceeding by addition of a l3-dicarbonyl derivative to furan. can also be. applied, by addition to pyrroles, to the 

construction of fused aminoethers. Such bicyclic systems having either geminal oxygen and nitrogen 

functionality, or two geminal nitrogens, are a feature of the important Calabar alkaloids. The alkaloid 
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physostigmine (3) is clinically useful in the treatment of glaucoma, and related compounds show promise as 

therapeutic agents in relation to Alzheimer’s disease. The synthesis18 of physostigmine (3) and the related 

physovenine (4) have been recently described. Hence there are many important synthetic targets featuring fused 

a&al, aminoether. and diamine fuctionality. The most widely adopted method of synthesis of these systems has 

proceeded via a final ring closure between a nucleophilic heteroatom and an electrophilic carbon centre. In this 

paper we describe a general procedure permitting the synthesis of fused acetals by additions to dihydrofurans, 

dihydropyran and endocyclic lactones. We are also studying related additions to permit the synthesis of alkaloids. 

In contrast to earlier methods based on ionic additions or carbene chemistryl’ our methodology relies on a 

manganic acetate promoted radical addition. In conjunction with the preliminary communication1g these results 

constitute a general synthesis of fused acetals via radical chemistry. Hoffmann et al 2o have recently reported a 

tandem radical cyclisation affording both pymnofuran and furanofuran fused acetals. In the preceeding paper2l 

we describe the related manganic acetate promoted addition to exocyclic enol lactones, which permits the 

synthesis of oxaspirolactones. In the following paper22 we describe the related synthesis of unsaturated spiro- 

aCetalS. 

Five readily available alkenes, dihydrofuran (5). dihydropyran (6), 5methylfuran-2(3H)-one (7), 2- 

methyldihydropyran (8) and 2-methyldihydrofuran (9) were chosen as suitable substrates with which to 

investigate the generality of synthesis of fused acetals via manganic acetate promoted radical additions. 

Dihydrofuran (5) reacted with ethyl acetoacetate in acetic acid in the presence of one equivalent of manganic 

acetate to afford after work up and chromatography the fused acetal (10) in 53% yield. The assignment of 

structure is facilitated by observation of resonances associated with the acetal methine centre. In the lH n.m.r. 

spectrum the methine proton was observed at 66.09 as a doublet (J 6Hz), and in the 13C n.m.r. spectrum the 

carbon resonance was observed at 109.88ppm. These data are consistent with values found in related fused 

acetals. Thus in c&fused aflatoxins the vicinal coupling constant associated with the proton at the acetal centre is 

typically 5.5-6H~~~~. In a related sulfone the acetal carbon is observed24 at 100.93ppm and in asteltoxin the 

a&al carbon is seen at 104.8ppm. In Table 1 the results are shown of 16 examples of reaction between one of the 

five slkenes, and one of the five @licarbonyl substrates. In each case a single fused acetal product was obtained. 

In reactions involving dihydrofuran (5) and dihydropyran (6), leading to the the acetals (10-12) and (13-17) 

respectively, the assignment of structure with a cb ring fusion is evident by direct observation of the vicinal 

coupling constant of the methine proton at the acetal centre. Similarly a cis fusion could be assigned to the three 

lactones (B-20) isolated from the lactone (7). Although the cis fusion cannot be observed from a vicinal coupling 

in the case of the products (21 and 22) and (23-25), obtained from 2-methyldihydropyran (8) and 2- 

methyldihydrofuran (9) respectively, the strong nuclear Overhauser enhancement between the methyl group and 

the ring junction methine proton in each of these products permits the unambiguous assignment of the cis 

stereochemistry. 

Under the reaction conditions acid catalysed equilibration of ci.r and fruns fused products might occur. Although it 

is likely that a kinetic closure would lead to a cis fused product, the isolation of cis products is probably more a 

reflection of their greater thermodynamic stability. In no case was a tram fused acetal observed. Observation of 
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the carbonyl group at 1810 cm. ml in the ir spectrum of the tricyclic acetaI (18). and at 1795-1800 cm.-1 in the 

bicyclic acetals is consistent with the cis assignments. 

All the enol ether reactants and the products, including the la&ones (18-20) are acid sensitive. The major 

manifestations of this sensitivity are the moderate yields obtained in certain examples shown in Table 1, and the 

tendency of these compounds to decompose on chromatography over silica gel. The results in Table 1 establish a 

general route to fused acetals based on addition to alkenes of radical intermediates generated by manganic acetate 

oxidation of diverse ~dicarbonyl compounds. Following the first report20 of a tadical route to fused acetals, 

these results establish a second strategy based on radical chemistry for the synthesis of fused acetals.In view of 

the significant anti-feedant activity16 found in relatively simple fused acetals, the discovery of new routes to such 

structures is important. With the diversity of substrates shown in Table 1, although product stability is a limiting 

factor, this extension of manganese acetate methodology provides a rapid access to fused acetals of many skeletal 

types. It should be noted that all the examples are based on readily available starting materials. 

Experimental 

General procedures have been described elsewhere21. Commercial samples of dihydrofuran (5) and 

dihydropyran (6) were used. 5-Methylfuran-2(3I-I)-one (7) was prepared by distillation of levulinic acid in the 

presence of acid26. 2-Methyldihydropyran (8) and 2-methyldihydrofuran (9) were obtained by base promoted 

elimination from the appropriate chlorides? 

General Procedure for Synthesis of Fused Acetals 

Manganese (3) acetate dihydmte (ZOmmd) was heated in acetic acid (2Oml) under nitrogen at 60-70°C until a 

black homogeneous solution was obtained. The p-dicarbonyl compound (1Smmol) and the alkene (l.Ommol) 

were added and the reaction mixture was kept at 60°C until the colour had disappeared (lO-12Omin). To the cold 

mixture water (5Oml) was added and the sohttion was extracted with dichloromethane (3x25ml). The combined 

organic extracts were washed with saturated sodium bicarbonate solution and evaporated under reduced pressure 

to give an oil. Products were purified by flash chromatography, either on silica gel or alumina The following 

compounds were obtained in the above manner. 

cis (3a,6a)-3-Ethoxycarbonyl-2-methyl-3a,4,5,6a-tetrahydro-furo[2,3-b]ruran (10) 

Ethyl acetoacetate (2.41g), dihydrofuran (5) (l.Og) and manganese acetate (7.65g) in acetic acid (4Oml) afforded 

after chromatography on alumina as a colourless oil the title compound (10) (1.49g, 53% yield) v_ (CHCla) 

3000, 1695, and 1650 cm.-‘; 6, 1.32 (3H, t, J 7,CH,), 2.09 (2H, m, CH,), 2.23 (3H. d, J 1.5, CH,), 3.64 

(lH, m), and 4.09 (lH, m) (CH,O), 3.75 (lH, m, CH), 4.19 (2H, m, CH,O) and 6.09 (lH, d, J 6, OCHO); 

6cl4.14 (CH,), 14.44 (CH,), 31.63 (CH,), 47.05 (CH), 59.58 (OCH,), 67.01 (OCH,), 103.52 (&CO), 

109.61 (OCHO), 164.45 (C=CO), and 168.57 (CO); m/z 198 (27%) (Found: M+ 198.m CmI-IH,,O, requires 

M+ 198.Ot392). 
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cis (3a,6a)-3-Benzyloxpcarbonyl-2-methyl-3a,4,5,6a-tetrahydro-furo[2,3-b]furan (11) 

Benzyl acetoacetate (3S6g), dihydrofuran (5) (l.Og) and manganese acetate (7.658) in acetic acid (40ml) 

afforded after chromatography on ahunina as a colourkss oil the title compound (11) (2.08g, 56% yield) v_ 

(CHCls) 3000, 1700, and 1650 cm.-‘; &.t 2.09 (2H. m, CH2). 2.23 (3H, d, J 1.5, CH& 3.68 (lH, m) and 

4.08(1H,m)(CH~0),3.78(1H,m.CH),S.09(1H,dJ12.5)and5.13(1H,d,Jl2.5)(PhCHz).6.10(1H,d, 

J 6, OCHO) and 7.35-7.40 (SH, complex. Ar); Sc 14.41 (CH,), 31.80 (Cy), 47.11 (CH). 65.61 (OCH2), 

67.18 (OCH&, 103.42 (C=CO), 109.88 (OCHO), 128.08. 128.17 and 128.67 (CHAr), 136.~59 (CHAr), 

165.34 (C=C’O). and 169.42 (CO); m/z 260 (22%) (Found: M+ 260.1047 CI$-ite04 requires M+ 260.1048). 

cis (3a,6a)-3-Acetyl-2-methyl-3a,4,5,6a-tetrahydro-furo[2,3-b]furan (12) 

Acetylacetcne (185g). dihydrofutan (5) (l.Og) and manganese acetate (76Sg) in acetic acid (40ml) afforded after 

chromatography on silica gel as a colourless oil the title compound (12) (OSlg. 26% yield) v_ (CHCl,) 3000, 

1680. and 1630 cm.-‘; 8” 1.97-2.21 (2H. m, CHz). 2.26 (6H, 2xCH,), 3.68 (lH, m) and 4.10 (lH, m) 

(CH,O). 3.80 (1H. m, CH) and 6.11 (1H. d. J 6.7, OCHO); bc 15.23 (CHx), 29.41 (CH3), 31.95 (CH& 

47.41 (U-i), 67.04 (OCH2). 109.74 (OCHO), 114.66 (C=CO), 168.05 (CLCO). and 193.77 (CO); m/z 168 

(30%) (Found M+ 168.0782. CgH1zOs requires M+ 168.0786). 

cir (3a,7a)-3-Acetyl-2-methyl-3a,5,6,7a-tetrahydro-4H-furo[2,3-b]pyran (13) 

Acetylacetone (08Qg). dihydropyran (6) (OSg) and manganese acetate (3.19g) in acetic acid (2Oml) afforded 

after chromatography on silica gel as an oil the title compound (13) (0.41g, 38% yield) v,, (CHC13) 2990. 

1710, and 1620 cm-r; S, 1.55 (2H, m, CH2) , 2.68 (2H. m, CG), 2.25 (3H, 8, CHs), 2.29 (3H, s. CHs), 

3.00 (lH, m, CH). 3.81 (2H. m. OCHz) and 5.78 (1H. d, J 7, OCHO); SC 15.26 (CHs), 20.14 (CH2), 23.36 

(CH2). 29.07 (CH& 37.82 (CH), 61.19 (OCH*), 104.23 (OCHO), 118.34 (C=CO), 166.80 (C=CO), and 

194.23 (CO); m/z 182 (68%) (Found M+ 182.0942 CmHtsO, requires M+ 182.0942). 

cis (4a,9a)-7,7-Dimethyl-3,4,4a,5,6,7,8,9a-octahydro-2H-pyrano[2,3-b]benzofuran-5-one 

(14) Dimedone (1.25g), dihydropymn (6) (OSg) and manganese acetate (3.19g) in acetic acid (20ml) afforded 

after chromatography on silica gel an orange oil, which slowly crystallised. Becrystailisation (dichloromethane- 

pentane) afforded as white crystals the title compound (14) (O.S6g, 42% yield) m.p. 94-%oC v,,,, (CHCld 

2990 and 1685 cm.-1; 8, 1.16 (6H, s, 2xCH$, l.SS-1.98 (4H. complex, 2xCHZ), 2.23 (2H, m, CHz), 2.39 

(2H. m, CH$, 3.18 (1H. m, CH), 3.81 (2H. m, OCH$, and 5.98 (1H. d, J 8, OCHO); S, 19.33 (CH& 

20.15 (CH,), 28.23 (CH& 29.27 (CH& 34.01 (C (CH&), 35.29 (CH), 37.68 (CH2). 51.08 (CH2), 60.41 

(OCH& 106.99 (OCHO), 114.64 (C=CO), 175.58 

(C=CO), and 195.03 (CO); m/z 222 (100%) (Found: M+ 222.1256 Ct,HIs03 requires M+ 222.1256). 

cis (3a,7a)-3-Ethoxycarbonyl-t-methyl-3a,5,6,7a-tetrahydro-4H-furo[2,3-b]pyran (15) 

Ethyl acetoacetate (l.l6g), dihydmpyran (6) (O.Sg) and manganese acetate (3.1Qg) in acetic acid (20ml) afforded 

after chromatography on silica gel as a cclourless oil the title compound (15) (OSQg, 47% yield) vmax (CHCI3) 
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2995. 1695, and 1648 cm.-1; S, 1.28 (3H, t, J 7,CHa), 1.66 (3H, complex, CH, + CH), 1.98 (1H. m, CH). 

2.23 (3H, s, CH3), 3.00 (1H. m, CH), 3.78 (2H, m. OCHz), 4.18 (2H. m, OCHz) and 5.78 (lH, d J 7, 

OCHO); S, 14.39 (CHa), 14.51 (CHs), 19.97 (CH2), 22.26 (CHz), 37.99 (CH), 59.58 (OCH2), 69.89 

(OCH2). 194.18 (OCHO), lO6.% (GCO), 165.92 (C= CO), and 167.51 (CO); m/z 212 (22%) (Found: M+ 

212.1046 CIrHr60~ requires M+ 212.1948). 

cir (3a,7a)-3-Benzyloxycarbonyl-2-methyl-3a,5,6,7a-tetrahydro-4H-~ro[2,3-b]pyran (16) 

Benzyl acetoacetate (3.41g), dihydropyran (6) (l.Og) and manganese acetate (6.38g) in acetic acid (4Oml) 

afforded after chromatography on silica gel as a colourless oil the title compound (16) (1,63g, 50% yield) v,, 

(CHC13) 2995, 1700, and 1645 cm.-‘; S, 1.66 (3H, complex, CH, + CH). 1.99 (lH, m, CH), 2.25 (3H, d. J 

l,CH~,3.00(1H,m,CH),3.78(2H,m,OCH~),5.14(1H,d, J 12S)and520(1H,d, J 12.5)(CH,), 5.78 

(lH, d J 7.5, OCHO) and 7.35-7.40 (5H, complex, Ar); S, 14.51 (CHs), 19.95 (CH& 22.40 (CHz), 37.86 

(CH),60.92 (OCHa), 65.45 (PhCHd, 104.31 (OCHO), 106.73 (C=CO), 128.00,128.07 and 128.62 (CHAr), 

136.64 (CAr), 165.61 (C=CO), and 168.20 (CO); m/z 274 (15%) (Found: M+ 274.1212 C1eH1a04 requires 

M+ 274.1205). 

cis (3a,7a)-3-t-Butoxycarbonyl-2-methyl-3a,5,6,7a-tetrahydro-4H-furo[2,3-b]pyran (17) 

tButyl acetoacetate (2.26g), dihydropyran (6) (l.Og) and manganese acetate (6.38g) in acetic acid (40ml) 

afforded after chromatography on alumina as a colourless oil the title compound (17) (0.88g. 3 1% yield) v,, 

(CHCls) 2995, 1690, and 1648cm.-1; 8u 1.48 (9H, s, 3xCHs), 1.64(3H, complex, CH2 + CH), l.% (lH, 

m, CH), 2.19 (3H, d, J 1.5, CH,), 2.95 (lH, m. CH), 3.78 (2H, m, OCH,), and 5.76 (lH, d J 7.5, OCHO); 

SC 14.32 (CH& 20.08 (CH*), 22.31 (CHa). 28.55 (C (CH&), 38.24 (CH), 60.84 (OCHz), 79.76 (C 

(CH& 103.88 (OCHO), 108.27 (C=CO), 165.38 (C=CO), and 166.44 (CO); m/z 240 (11%) (Found: M+ 

240.1374 Cr3H2u0, requires M+ 240.1361). 

cis (3a,Sa)-6,6,8a-Trimethyl-2,3,3a,4,5,6,7,Sa-octahydro-furo[2,3-b]benzofuran-2,4-dione 

(18) 

Dimedone (0.85g), the lactone (7) (0.5g) and manganese acetate (2.738) in acetic acid (15ml) afforded after 

chromatography on silica gel an oil, which slowly crystallised. Recrystallisation (dichloromethane-pcntane) 

afforded as white flakes the title compound (18) (0.25g, 24% yield) m. p. 161-163OC v, (CHCl3 3OCQ 1810, 

and 1655cm.-1; 6,1.15 (3H. s. CH3), 1.16 (3H, s, CH,), 1.82 (3H, s, CH,) 2.25 (2H, m, CH,), 2.37 (2H, 

m, CH2), 2.80 (lH, dd, J 18.5 and 2) and 2.% (lH, dd, J 18.5 and 9) (Cy) and 3.62 (lH, ddd, J 9,5 and 2, 

CH); 8,23.68 (CH3), 28.39 (CH,), 28.88 (CH& 33.17 (CH?), 34.16 (C (CH&), 37.22 (CH$, 43.87 

(CH), 50.95 (CH,), 114.02 (OCO). 118.08 (C=CO), 173.43 (C=CO), 174.16 (CO) and 194.14 (CO); m/z 

236 (41%) (Found: M+ 236.1053. C 13H1604 requires M+ 236.1048). (Found: C. 66.0; H, 6.85. Cl3Hl604 

requires C, 66.1, H, 6.8%) 
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ck (3a,6a)-2,6a-DlmethyI-3-ethoxycarbonyl-3a,6a-dihydro-furo[2,3-b]furan-5(4H)-one (19) 

Ethyl ace&acetate (0.79g), the lactone (7) (OSg) and manganese acetate (2.73g) in acetic acid (15ml) afforded 

after chromatography on silica gel as an oil the title compound (19) (0.31g, 28% yield) v_ (CHCl,) 3000, 

1800, 1705and 1665cm.-l; S, 1.32 (3H, t J 7,CH,), 1.78 (3H. s, CHs), 2.25 (3H, d J 1.5. CHs), 2.80 (IH, 

dd J 18 and 3) and 2.95 (lH, dd, J 18 and 8) (CH$3.63 (IH, m, CH) and 4.21 (2H, m, OC&); b, 14.21 

(CH,). 14.49 (CH& 23.87 (CHs). 34.58 (CH2), 47.25 (CH), 60.28 (CH,), 106.00 (C=CO), 115.33 (OCO), 

164.45 (C=CO), 166.77 (CO) and 174.01 (CO); m/z 226 (45%) (Found: M+ 226.0834. C,,Hr40S requires 

M+ 226.8841). 

cir (3a,6a)-3-Benzyloxycarbonyl-2,6a-dimethyl-3a,6a-dihydro-furo[2,3-b]furan-5(4H)-one 
(20) 

Benzyl acetoacetate (l.O7g), the bone (7) (0.5g) and manganese acetate (2.73g) in acetic acid (15ml) afforded 

after chromatography on silica gel as an oil the title compound (20) (0.23g, 15% yield) v_ (CHCl,) 3000, 

1795, 1705 and 1665cm.-l;8B 1.76 (3H, s, CHs). 2.22 (3H, d, J 1, CHs), 2.84 (lH, dd, J 18.5 and 2.7) and 

2.98 (lH, dd, J 18.5 and 8.5) (CH$, 3.63 (lH, m CH), 5.18 (lH, d. J 12) and 5.23 (lH, d, J 12) (PhCH,) 

and 7.31740 (5H, complex, Ar); 8,14.27 (CHs), 23.83 (CH,), 34.57 (CH*), 47.12 (CH), 66.11 (CHz), 

105.72 (C=CO), 115.37 (OCO), 128.41, 128.59 and 128.75 (CHAr), 135.% (CAr). 164.18 (C=CO), 167.38 

(CO) and 173.88 (CO); m/z 288 (17%) (Found: M+ 288.0987. C&160s requires M+ 288.0997). 

cis (3a,7a)-3-Benzyloxycarbonyl-2,7a-dimethyl-3a,5,6,7a-tetrahydro-furo[2,3-b]-4H-pyran 

(21) 

Benzyl acetoacetate (0.73g). the alkene (8) (0.5g) and manganese acetate (2.58) in acetic acid (15ml) afforded 

after chromatography on silica gel as an oil the title compound (21) (0.58g, 39% yield) v_ (CHCl,) 2975, 

1700, and 1640 cm.-‘; 8~ 1.44 (3H, s, CHs), 1.52 (2H, m, CH,), 1.82 (2H, m, CH2). 2.24 (3H. s. CHs), 

2.94 (lH, m, CH), 3.76 (2H, m, OCH,), 5.12 (lH, d, J 13) and 5.28 (lH, d. J 13) (PhCH,) and 7.22-7.38 

(5H, complex, Ar); S, 14.62 (CH& 18.44 (CH2), 21.26 (CH,), 26.79 (CH,), 43.08 (CH), 60.50 (CH$, 

65.48 (PhCH& 105.28 (OCO), 110.89 (C=CO). 128.07, 128.13 and 128.67 (CHAr), 136.72 (CAr), 165.82 

(C=CO), and 168.08 (CO); m/z 288 (48%) (Found: M+ 288.1358. C,,H2,0, requires M+ 288.1361). 

cis (3a,7a)-2,7a-DimethyI-3-ethoxycarbonyl-3a,5,6,7a-tetrahydro-furo[2,3-b]-4H-pyran (22) 

Ethyl acetcacetate (0.49g), the alkene (8) (0.5g) and manganese acetate (2.5g) in acetic acid (15ml) afforded after 

chromatography on silica gel as an oil the title compound (22) (0.58g, 39% yield) v,,,, (CHCld 2995, 1700, and 

1660cm.-1; 6, 1.28 (3H, t, J 7,CHs), 1.51 (3H, s, CHs). 1.58 (2H, m, CH,), 2.22 (3H. d J 1.5, CHs), 2.95 

(lH, m, CH), 3.78 (2H, m, OCH,) and 4.18 (2H, m, 0CH2); SC 14.47 (CH,), 14.55 (CH,), 18.44 (CH,), 

21.15 (CH,), 26.78 (CH,), 43.15 (CH), 59.52 (OCH,). 60.47 (OCH?), 105.51 (OCO). 110.68 (C=CO). 

166.07 (C=CO), and 167.35 (CO); m/z 226 (29%) (Found: M+ 226.1190. Ct2H1s04 requires M+ 226.1205). 
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cis (3a,8a)-6,6,8a-~imethyl-2,3,3a,4,5,6,7,8a-octahydro-furo[2,3-b]benzofuran-4-one (23) 

Dimedone (l.Og), the alkene (9) (OSg) and manganese acetate (2.7g) in acetic acid (10ml) afforded after 

chromatography on silica gel as an oil the title compound (23) (0.52g. 40% yield) v, (CHCl,) 2990 and 1645 

cm.-‘; 8~1.10 (3H, s, CH,), 1.23 (3H, s, CH,), 1.65 (3H, s, CHs), 2.03-2.18 (2H. m, CH& 2.24 (2H, m, 

CH,), 2.33 (2H, m, CH,), 3.36 (lH, m, CH). 3.65 (lH, m. CH) and 4.10 (lH, m, CH); 8,23.91 (CHa), 

28.25 (CH,), 29.23 (CHs), 31.54 (CH,), 34.01 (C(CH&). 37.82 (CH,), 47.54 (CH), 51.13 (CH2). 68.63 

(OCH& 112.76 (C=CO), 122.87(0(30), 175.61 (C=CO) and 194.64 (CO); m/z 222 (42%) (Found M+ 

222.1254. C,sH,sOa requires M+ 222.1255). 

cis (3a,6a)-2,6a-Dimethyl-3-ethoxycarbonyl-3a,4,5,6a-tetrahydro-furo[2,3-b]furan (24) 

Ethyl acetoacetate (0.85g), the alkene (9) (0.5g) and manganese acetate (2.7g) in acetic acid (1Oml) afforded after 

chromatography on silica gel as an oil the title compound (24) (0.65g, 51% yield) v_ (CHC13) 3000,1705, and 

1655cm.-l; S, 1.23 (3H, t, J 7,CHa), 1.55 (3H, s, CH,), 1.98-2.16 (2H, m, CHa), 2.19 (3H. s, CHs), 3.32 

(lH, m, CH), 3.68 (lH, m) and 4.05 (lH, m) (OCH,), and 4.15 (2H, m. OCH,); 8o14.28 (CH,), 14.48 

(CHa), 23.88 (CH,). 32.61 (CH,), 50.75 (CH), 59.50 (OCH,). 67.65 (OCH&, 103.71 (C=CO). 

11848(OCO), 165.63 (C=CO) and 167.94 (CO); m/z 212 (20%) (Found: M+ 212.1044. C,,H,,@~ requires 

M+ 212.1048). 

cis (3a,6a)-3-Acetyl-2,6a-dimethyl-3a,4,5,6a-tetrahydro-furo[2,3-b]furan (25) 

Acetylacetone (0.71g). the alkene (9) (OSOg) and manganese acetate (2.7g) in acetic acid (lOm1) afforded after 

chromatography on silica gel as a colourless oil the title compound (25) (O&g, 44% yield) vmax (CHC13) 2995, 

1685, and 1630 cm.-‘;&, 1.60 (3H, s, CH3), l.%-2.24 (2H, m, GH,). 2.28 (6H. s, 2xCHs), 3.42 (lH, m, 

CH), 3.68 (lH, m, CH), and 4.05 (lH, m. CH); S, 15.49 (CH,), 23.88 (CH& 29.61 (CH& 33.07 (CH,), 

51.20 (CH), 67.77 (OCH2). 114.% (C=CO), 118.84 @CO), 167.71 (C=CO) and 194.13 (CO); m/z 182 

(40%) (Found: M+ 182.0938. CmH1_,03 requires M+ 182.0942). 
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