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Abstract: The acetal of (2S,3S)-butane-2,3-diol and furfitral is equilibrated in molten maleic anhydride with one 
major crystalline product which is a 1:1 complex of maleic anhydride and (1S,2R,3S,4R,4"S,5'S)-l-(4",5'- 
dimethyl~oxolan-2'-yl)-7-oxabicyclo[2.2.1]hept-5-ene-2-exo,3-exo-dicarboxylic anhydride. This compound was 
converted into (•S•4R•4•S•5•S)-•-(4••5•-dimethy•di•x••an-2•-y•)-5•6•dimethy•idene-7-•xabicyc••[2.2.•]hept-2-ene 
(+)-12, the circular dichroism spectrum of which suggests a slightly skew s-cis-butadiene chromophore as 
confirmed by X-ray diffraction. Copyright © 1996 Elsevier Science Ltd 

Derivatives of 7-oxabicyclo[2.2.1]heptene have proven to be useful starting materials in the synthesis of a 

large variety of natural products and of compounds of biological interest. 1 These bicyclic systems are available 

most simply through intermolecular Diels-Alder additions of furans to activated dienophiles. Furfural and furan 

are very inexpensive compounds obtained as waste products from agriculture. 2 Because of the aromaticity of 

furans, their intermolecular Diels-Alder additions to olefinic dienophiles are reversible at room temperature or 

at temperatures close to it. 3 Asymmetric cycloadditions can be induced with homochiral Lewis acid catalysts 

only if the reactions can be carried out at low temperature. Corey and Loh have found such a catalyst for the 

cycloadditions of furan to 2-chloro and 2-bromoacrolein. 4a Alternatively, enantiomericaUy pure 7-oxabicyclo- 

[2.2.1]heptenes have been obtained by chemical 4b or enzymatic 5 resolution of racemic derivatives, by 

desymmetrisation of meso systems through homochiral reagents 6 or enzymatic processes. 7 For highly reactive 

(electron-rich) furans and (electron-poor) dienophiles, the use of either a homochiral furan 8 or homochiral 

dienophile 9 can lead to kinetically controlled diastereoselectivity when the cycloadditions are run below 20°C. 

For our part, we have exploited the reversibility of the furanl0 and 2,4-dimethylfuran 11 additions to 

1-cyanovinyl esters derived from enantiomerically pure carboxylic acids (chiral auxiliaries) to generate 

enantiomericaUy pure adducts such as (+)-1 - (-)-4 ("naked sugars of the first generation ' ' lc) and (+)-5 and 

(-)-6 ("naked sugars of the second generation"ll,12). In this report we show that the Diels-Alder adducts of the 

(2S,3S)- and the (2R,3R)-butanediol acetal of furfural to maleic anhydride can be obtained in enantiomerically 

pure form. This can be achieved by choosing equilibrating conditions under which one of the two exo adducts 
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generates a 1:1 complex with maleic anhydride that gives crystals which are more stable than the other 

diastereomeric adducts. Diels-Alder adducts of achiral furfural acetal to maleic anhydride have been used as 

starting materials in the synthesis of natural products. 13 Furthermore, some of their platinum derivatives are 

antineoplastic agents. 14 

0 0 0 0 

ON ~' : CN 

OR " ' 
OR' (3R 

(+)-1 R=(1S)-camph (-)-2 R'=(1R)-camph (+)-5 R'=(1R)-camph (-)-6 R=(1S)-camph 
(+)-3 R=SADO(Et) (-)-4 R'=RADO(Et) 

SADO(Et): - - /  

O 

Acid-catalyzed (camphorsulfonic acid) acetalization of furfural with (2S,3S)-butanediol (>98% e.e.) gave 

(+)-7 (92%). When a 1:1 mixture of (+)-7 and maleic anhydride was heated to 55°C (24 h), a 1:1 mixture of 

the two possible exo  adducts (+)-8 and 9 was obtained (by 1H-NMR of the crude). RecrystaUization from 

hexane afforded a solid which comprised a 1:4 mixture of (+)-8 and 9 (75%). When a 1:2 mixture of (+)-7 and 

maleic anhydride was heated to 55°C (24 h) and allowed to crystallize, a solid composed of a 7:2 mixture of 

(+)-8 and 9 (80%) was isolated. These experiments suggested that the excess of maleic anhydride has an effect 

on the adduct diastereomeric ratio. We finally found that an enantiomerically pure 1:1 complex of (+)-8 and 

maleic anhydride could be obtained in good yield (78%) after heating (+)-7 with a 6-7 fold excess of maleic 

anhydride without solvent (50°C, 1 d; then 55°C, 7 d) and extraction with toluene. The 1:1 complex of (+)-8 

and maleic anhydride was then treated with an excess of isoprene which reacted with maleic anhydride giving 

the corresponding Diels-Alder adduct that was extracted with hexane. The crude adduct (+)-8 was then 

recrystallized from EtOAc to give (+)-8 in 60% yield (based on (+)-7). The diastereomeric purity of (+)-8 was 

determined (by 400 MHz IH-NMR, using 13C satellite signals) to be better than 98%. 
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Reduction of (+)-8 or of the h l  complex of (+)-8 and maleic anhydride with LiA1H4 (THF, 0-5°C, 3 h, 

then 65°C, 3 h) afforded the corresponding diol (-)-10 (75%) which was esterified by CH3SO2C1 and pyridine 

to give the dimesylate (-)-11 (80%). Double elimination of mesyfic acid with t-BuOK in 5:1 DMF/HMPT 
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provided triene (+)-12 (60%). Starting with (2R,3R)-butane-2,3-diol led to the corresponding enantiomers 

(-)-8, (+)-10, (+)-11 and (-)-12 with the same ease. 
t ~  
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Figure 1. Circular dichroism spectrum of (+)-12 (isooctane) (same spectrum was recorded in MeOH) 

The circular dichroism spectrum of (+)-12 (Figure 1) displays a negative Cotton Effect at ~. = 237 nm 

corresponding to the kmax: 230 nm of ks UV absorption spectrum associated with the V 4-- N transition of the 

s-cis-butadiene ehromophore. 15 For steric reasons, the dioxanyl substituent at the bridgehead centre C(1) 

induces the bending of the methylidene group at C(6) toward the endo face of the 7-oxabicyclo[2.2.1]heptene 

system. This forces the s-cis-butadiene to adopt a skew conformation with negative helicity. 16 This hypothesis 

is confn'med by single crystal X-ray diffraction studies of (+)-12 (see Figure 2, Table 1) which shows a dihedral 

angle for H2C=C(5)-C(6)=CH 2 of -2.3(0.5) °. This is a relatively small out of plane deviation which might be 

due to lattice effects in the crystal. Therefore, one cannot yet exclude the possibility that the dichroic properties 

of (+)-12 arise from an allylic substituent effect 17 of the dioxanyl group and/or from dipole/dipole coupling 

between the s-cis-butadiene and the C(2)-C(3) olefinic chromophores. 
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Figure 2. ORTEP 18 representation of (+)-12 (50% probability ellipsoids for non-H atoms) 

The X-ray structure of (+)-12 shows that the dioxanyl group adopts a conformation which minimizes the 
gauche interactions of this substituent with the methylidene moiety at C(6). 

Table 1. Selected bond lengths, bond angles and torsion angles for crystalline (+)-12 (C13H1503, nonclinic, 
P21; atom numbering: see Figure 2) 

Distances (~) 

C(1)-C(2) 1.525(4) 
C(2)-C(3) 1.322(4) 
C(3)-C(4) 1.515(4) 
C(4)-C(5) 1.526(4) 
C(5)-C(6) 1.487(4) 
C(1)-C(6) 1.538(3) 
C(1)-O(7) 1.445(3) 
C(4)-O(7) 1.451(3) 
C(5)-C(8) 1.316(4) 
C(6)-C(9) 1.319(4) 
C(1)-C(10) 1.502(4) 
C(10)-O(1) 1.417(3) 
C(10)-O(2) 1.403(3) 

Angles (°) 

C(2)-C(1)-C(6) 104.9(2) 
C(1)-O(7)-C(4) 96.1(2) 
C(3)-C(4)-C(5) 105.8(2) 
C(I)-C(2)-C(3) 105.5(2) 
C(1)-C(6)-C(5) 102.3(2) 
C(4)-C(5)-C(6) 102.9(2) 
O(7)-C(I)-C(10) 111.2(2) 
O(1)-C(10)-0(2) 107.9(2) 

Torsion angles (°) 

C(8)-C(5)-C(6)-C(9) -2.3(5) 
C(4)-C(5)-C(6)-C(1) -0.9(2) 
C(1)-C(2)-C(3)-C(4) 0.5(3) 
C(6)-C(1)-C(10)-O(1) -65.3(3) 
C(6)-C(1)-C(10)-O(2) 175.8(2) 
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Simple conditions have been found to generate enantiom.ericaUy pure Diels-Alder adducts of maleic 

anhydride to the (2S, 3S)- and (2R,3R)-butane-2,3-diol acetals of furfural. Triene (+)-12 and (-)-12 add to non- 

symmetrical dienophiles with high regio- and stereoselectivity, 19 allowing one to prepare a variety of 

enantiomerically pure 1,2,3,4-tetrahydronaphthalene derivatives. This will be described in a forthcoming report. 

Experimental Part 

General remarks, see ref. 20. Circular dichroism spectra were recorded on JOBIN YVON MARK V 

Optical Rotation, on JASCO, DIP-370 digital polarimeter. Crystal of (+)-12: colourless needle, 0.35 x 0.12 x 

0.06 mm, mounted on a glass fiber; monoclinic P21; a -- 7.531(3), b = 7.785(2), c = 10.160(2) /~, ~ = 

98.88(3)°; V = 589(1)/~3; Z = 2, D x = 1.24 g/cm3; X(Mo Kct) = 0.71073/~; Ix = 0.8 cm-1; F(000) = 236; T = 

193 + 1 K. X-ray diffractometer: Enraf-Nonius CAD4, graphite monochromator, co - 20 scan technique, 

backgrounds obtained from analysis of the scan profile, 21 unit cell constants from the setting angles of 25 

reflections in the range 9 < 0 < 16 °, empirical absorption correction (from 0.902 to 0.997 on I), maximum 20 = 

52.0 °, 0 < h < 9; -9 < k < 9; -12 < 1 < 12; anisotropic decay (from 0.947 to 1.236 on I), reflection averaging 

R(int) = 4.2%, 2506 total reflections measured, 2328 unique, 1779 reflections with Fo2>3.0~(Fo2), solution by 

direct methods, 22 refinement by full-matrix least-squares, function minimized was Zw(I Fo I-IF c I) 2, weight w 

is defined as 4Fo2/o2(Fo2), hydrogen atoms located and refined isotropically, 209 refined parameters, R = 

0.044, wR = 0.054, S = 1.18, largest shift = 0.02t~, high peak in final difference map 0.29(7) e /~ 3, low peak 

-0.38(7) e//~ 3. Scattering factors for neutral atoms and the values for Af' and Af" were taken from 

International Tables for X-ray Crystallography; 23 computer programs MolEN. 24,25 

(4'S,5'S)-2-(4',5'-Dimethyldioxolan-2'-yl)furan ((+)-7). A mixture of furfural (7.5 g, 78 mmol), (2S,3S)- 

butane-2,3-diol (Fluka, >98% e.e, 4.98 g, 54.9 mmol), benzene (400 ml) and (+)-camphorsulfonic acid (200 

mg, 0.86 mmol) was heated under reflux in a Dean-Stark apparatus. After 8 h (control by tlc on silica gel, 

EtOAc/light petroleum 1:15), the mixture was cooled to 20°C and was washed with sat. aqueous solution of 

NaHCO3 (50 ml, 3 times) and then with water (50 ml, 3 times). After drying (MgSO4), the solvent was 

evaporated and the residue purified by flash chromatography (silica gel, EtOAc/light petroleum 1:15), yielding 

ral 2~ = +25, [ a ] ~  = +42, [ct}az~5 = +74 (c = 1.0 8.51 g (92%), colourless oil. [a]~9 = +21, [a~758 = +22, t ,546 

n-hexane). UV (CH3CN):)'-max: 223 um (e = 2500). IR (film) v: 3060, 3020, 2980, 2930, 2880, 1500, 1380, 

1350, 1320, 1310, 1250, 1225, 1150, 1095 cm-1. 1H-NMR (250 MHz, CDCI3) gH: 7.42 (dd, 3j  = 2.0, 4 j  = 

1.0, H-C(5)); 6.45 (dd, 3j  = 3.5, 4 j  = 1.0, H-C(3)); 6.33 (dd, 3./= 3.5, 2.0, H-C(4)); 5.98 (s, H-C(2')); 3.89- 

3.67 (2xdq, 3. /= 8.0, 6.0, H-C(4'),  H-C(5')); 1.48 (d, 3. /= 6.0, CH3); 1.37 (d, 3j  = 6.0, CH3). 13C-NMR 

(100.61 MHz, CDC13) ~C: 152.1 (s, C(2)); 142.8 (d, 1J(C,H) = 202, C(5)); 110.0, 108.3 (2d, 1J(C,H) = 175, 

176, C(3), C(4)); 96.5 (d, 1J(C,H) = 169, C(2')), 79.7, 78.0 (2d, 1J(C,H) = 148, 148, C(4'), C(5')); 16.6, 16.3 

(2q, 1J(C,H) = 127, 127 CH3). CI-MS (NH3) m/z: 180 (79), 170 (15), 169 (10, [M+I]+), 162 (27), 132 (8), 

114 (19), 100 (13), 95 (16), 85 (19), 78 (93), 77 (20), 84 (100), 72 (21). Anal. calc. for C9H1203 (168.19): C 

64.27, H 7.19; found: C 64.20, H 7.20. 

(1S,2R,3S,4R,4' S,5' S)-1-(4' 5' -Dimethyldioxolan-2' -yl)- 7-oxabicyclo[2 ,2.1] hept-5-ene-2-exo,3-exo-dicarb- 
oxylic anhydride ((+)-8). A mixture of freshly sublimed maleic anhydride (2.61 g, 26.6 mmol) and (+)-7 (1.5 g, 



3158 A. GUIDI et al. 

8.9 mmol) was heated at 50°C for 1 day, in the dark under an Ar atmosphere. More maleic anhydride (2.75 g, 

28.0 mmol) was added and the mixture was heated to 55°C, in the dark under an Ar atmosphere for one week. 

The hot mixture was poured into toluene (20 ml) with vigorous stirring. After stirring at 20°C for 2 h, the 

crystals were collected (4.1 g of a 1:1 complex of (+)-8 and maleic anhydride, 78%). The crystals were 

dissolved at 20°C in isoprene (7 mi) and the mixture stirred at 20°C for 24 h. The excess of isoprene was 

recovered by distillation under vacuum and the residue was poured at once into boiling hexane (75 ml). After 

stirring for 1 min, the crystals were collected and washed again with boiling hexane (75 ml). Recrystallization 

from EtOAc/light petroleum (charcoal can be used to decolourize if necessary) yielded 1.4 g (60%), colourless 
= = fa 125 = -5.9, ra 125 = -23 (c = 1.0, crystals, m.p. 106-109°C. [a]~859 +0.5, [a]2758 +1.2, [a]2~6 = +0.3, t j436 t J365 

CHC13). UV (CH3CN): final abs. e220 = 690. IR (KBr) v: 2975, 2895, 1785, 1775, 1705, 1630, 1585, 1550, 

1445, 1430, 1380, 1255, 1235, 1110, 1070, 985, 925,865, 850 cm -1. 1H-NMR (400 MHz, CDCI3) 8H: 6.61 

(dd, 3j = 5.8, 1.7, H-C(5)); 6.53 (d, 3j = 5.8, H-C(6)); 5.54 (s, H-C(2')); 5.49 (d, 3j = 1.7, H-C(4)); 3.84-3.74 

(m, H-C(4'), H-C(5')); 3.34, 3.27 (2d, AB, 3j = 6.8, H-C(2), H-C(3)); 1.37 (d, 3j = 5.7, CH3); 1.34 (d, 3j = 

5.7, CH3). I3C-NMR (100.61 MHz, CDC13) 8C: 169.5 (s, CO0); 167.4 (s, CO0); 137.3, 136.9 (2d, 1J(C,H) = 

179, 181, C(5), C(6)); 98.6 (d, 1J(C,H) = 171, C(2')); 92.9 (s, C(1)); 82.6 (d, 1J(C,H) = 172, C(4)); 80.8, 79.4 

(2d, tJ(C,H) = 136, 144, C(4'), C(5')); 51.7, 48.8 (2d, IJ(C,H) = 149, 151, C(2), C(3)); 17.1, 16.5 (2q, 

IJ(C,H) = 129, 128, CH3). CI-MS (NH3) m/z: 395 (0.3), 284 (1), 267 (1, [M+I]+), 266 (0.2, M+), 265 (3), 

194 (1), 177 (2), 169 (12), 167 (20), 124 (10), 101 (100), 97 (15), 95 (43), 80 (25), 73 (30), 72 (34). Anal. 

calc. for C13H140 6 (266.25): C 58.63, H 5.30; found: C 58.57, H 5.34. 

( • S•2 R•3S•4R•4• S•5• S )-1-(4••5•-Dimethy•di•x•lan-2•-yl)-7-•xabicyc••[ 2.2.1] hept-5-ene-2-ex••3-ex•- 

dimethanol ((-)-10). LiA1H4 (425 mg, 11.2 mmol) in dry THF (8 mi) was cooled to 0°C under Ar atmosphere. 

A solution of (+)-8 (1 g, 3.8 mmol) in dry THF (5 ml) was added dropwise to the vigorously stirred suspension 

maintained at 0°C. The ampoule of addition was rinsed with THF (1 ml). The mixture was stirred at 0°C for 3 

h and then heated under reflux for 3 h (tic control, silica gel, AcOEt). It was then cooled to 0°C, and the excess 

of hydride was destroyed by slow addition of triethanolamine (2 ml), so that the temperature was maintained 

below 5°C. Et20 (4 ml) was added and the mixture was stirred at 20°C for 15 min. The solution was filtered 

through a Celite pad, then twice through Dowex 50Wx8 (17 g, rinsing with MeOH), and evaporated. The 

residue was purified by flash chromatography (AcOEt); yielding 692 mg (76%), colourless crystals, m.p. 95- 
I-a 125 -3.8, 25 25 98°C. [a]2859 -2.7, [a]~757 -4.3, t j546 = = = [a]~ 5 = -0.8, [a]405 = +3.1 (c = t.43, MeOH). UV 

(CH3CN): final abs. e220 = 750. IR (KBr) v: 3440, 3320, 2965, 2925, 2895, 1465, 1445, 1380, 1330, 1295, 

1185, 1135, 1095, 1040, 990, 950, 930, 895, 875,815,735, 705, 645 cm -1. IH-NMR (400 MHz, CDC13) 8H: 

6.45 (dd, 3j = 5.8, 1.6, H-C(5)); 6.33 (d, 3j = 5.8, H-C(6)); 5.46 (s, H-C(2')); 4.88 (d, 3j = 1.6, H-C(4)); 

3.93-3.86 (br. m, 2 x C_HH2OH); 3.77 (m, H-C(4'), H-C(5')); 2.06 (m, H-C(2), H-C(3)); 1.35 (d, 3j = 5.7, 

CH3); 1.26 (d, 3./= 5.7, CH3). 13C-NMR (100.61 MHz, CDC13) ~C: 136.3, 135.8 (2d, 1J(C,H) = 176, 178, 

C(5), C(6)); 100.3 (d, 1J(C,H) = 166, C(2')); 90.3 (s, C(1)); 81.4 (d, 1J(C,H) = 163, C(4)); 80.6, 78.9 (2d, 

1J(C,H) = 154, 145, C(4'), C(5')); 61.9, 59.5 (2t, IJ(C,H) = 144, 143, CH2OH); 44.4, 43.6 (2d, 1J(C,H) = 

136, C(2), C(3)); 17.1, 16.5 (2q, 1J(C,H) = 126, 128, CH3). CI-MS (NH3) m/z: 318 (1), 257 (8, [M+I]+), 227 

(8), 209 (9), 169 (9), 168 (29), 167 (15), 140 (3), 133 (4), 114 (29), 101 (100), 95 (22), 80 (14), 80 (14), 73 

(32). Anal. calc. for C13H200 5 (256.30): C 60.92, H 7.87; found: C 60.94, H 7.19. 
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( • S•2R•3S•4R•4• S,5' S )- •-(4' ,5"-Dimethyldi•x••an-2• -y•)-7-•xabicyc••[ 2.2.• ] hept-5-ene-2-ex••3-ex•-dimethyl 

dimethanesulfonate ((-)-11). (-)-10 (50 mg, 0.206 mmol) was dissolved in dry pyrridine (1 ml) and cooled to 

-15°C under Ar atmosphere. CH3SO2C1 (0.1 ml, 1.28 mmol) was added over 5 min. and the mixture was 

stirred at 0°C for 3 h (tic control, silica gel AcOEt/light petroleum 10:1). It was then poured into cold water 

(100 ml), extracted with CH2C12 (50 ml, 3 times). The combined extracts were dried (MgSO4) and the solvent 

was evaporated. Recrystallization from MeOH yielded 68 mg (80%), colourless crystals, m.p. 104-I06°C. 

[a]]859 =-20, [a]]~7 = -20, [ a ]~  = -23, [a]]~5 = -38 (c = 1.11, MeOH). UV (CH3CN): final abs. E220 = 150. 
IR (KBr) v: 3020, 1385, 1345, 1165, 1090, 1065, 1030, 980, 960, 865, 820, 815 cm -1. 1H-NMR (400 MHz, 

CDC13) 8H: 6.44 (dd, 3j = 5.8, 1.5, H-C(5)); 6.41 (d, 3j = 5.8, H-C(6)); 5.37 (s, H-C(2')); 5.00 (d, 3j = 1.5, 

H-C(4)); 4.66-4.61 (2xdd, 3j = 10.1, 5.2, H2COMs); 4.27-4.20 (m, 3j = 10.0, H2COMs); 3.78-3.70 (br. m, H- 

C(4'), H-C(5')); 3.07 (s, OMs); 2.35 (2xm, H-C(2), H-C(3)); 1.34 (d, 3j = 5.7, CH3); 1.29 (d, 3j = 5.7, CH3). 

13C-NMR (100.61 MHz, CDC13) ~5C: 136.2, 135.5 (2d, 1J(C,H) = 173, 177, C(5), C(6)); 99.5 (d, 1J(C,H) --- 

167, C(2')); 90.6 (s, C(1)); 80.6, 80.5 (2d, 1J(C,H) = 150, 150, C(4'), C(5')); 79.1 (d, IJ(C,H) = 156, C(4)); 

69.3 (t, 1J(C,H) = 147, CH2OMs); 66.7 (t, 1J(C,H) = 150, _CH2OMs); 42.0, 41.8 (2d, 1J(C,H) = 142, 140, 

C(2), C(3)); 37.7, 37.4 (2q, 1J(C,H) = 139, 139, Ms); 17.1, 16.5 (2q, 1J(C,H) = 129, 2 CH3). CI-MS (NH3) 

m/z: 430 (4), 414 (2, [M+I]+), 317 (6), 245 (9), 220 (3), 198 (2), 168 (6), 167 (12), 140 (5), 124 (5), 114 

(21), 102 (10), 101 (100), 95 (14), 81 (14), 80 (20), 79 (26), 73 (23). Anal. calc. for C15H2409S2 (412.09): C 

43.68, H 5.86, S 15.55; found: C 43.59, H 5.99, S 15.44. 

( • S•4R•4• S•5• S )-•-(4• •5• -Dimethy•di•x•lan-2• -yl)-5•6-dimethylidene- 7-•xabicyc••[ 2.2.• ] hept-2•ene ((+)-12). 

A mixture of (-)-11 (350 mg, 0.848 mmol), dry DMF (3.5 ml) and dry HMPT (0.7 ml) was cooled to -15°C 

under Ar atmosphere, t-BuOK (1.05 g, 9.36 mmol) was added over 10 min. and the mixture was stirred at 

-15°C for 8 h. It was then poured in water (25 ml) and extracted with light petroleum (25 ml, 11 times). The 

combined extracts were dried (MgSO4) and the solvent was evaporated without heating. The residue was 

purified by flash chromatography on Florisil (light petroleum/AcOEt 10:1) and recrystallized from light 

petroleum yielding 110 mg (60%), colourless crystals, m.p. 73-74°C. [a]28~9 = +50, [a]2~7 = +51, [a]2~ = +57, 
[a]2~5 +97, 25 = [a]405 = +117 (c = 1.24, CHC13). CD (MeOH): Ae233 = -0.66; Ae227 = 0; Ae208 = 6.9 (c = 

0.082 mg/mi). UV (MeOH):)hnax: 230 (e = 7110). IR (KBr) v: 2970, 2890, 2870, 1670, 1645, 1635, 1445, 

1380, 1320, 1260, 1180, 1090, 1030, 1020, 985, 890, 810, 675 cm -1. 1H-NMR (250 MHz, CDC13) 81-I: 6.50 

(dd, 3j = 5.5, 1.6, 5j = 0.7, H-C(3)); 6.42 (d, 3j = 5.5, H-C(2)); 5.54 (s, H-C(2')); 5.38 (s, H-C=C(6)); 5.35 (s, 

H-C=C(6)); 5.27 (d, 5j = 0.7, H-C=C(5)); 5.21 (br. s, H-C(4)); 5.10 (s, H-C=C(5)); 3.76 (m, H-C(4'), H- 

C(5')); 1.36 (d, 3./= 5.9, CH3); 1.32 (d, 3j = 5.9, CH3). 13C-NMR (100.61 MHz, CDC13) ~C: 144.3, 142.7 

(2s, C(5), C(6)); 136.4, 134.4 (2d, 1J(C,H) = 178, 179, C(2), C(3)); 103.3, 102.1 (2t, 1J(C,H) = 159, 159, 

CH2=C(5), CH2=C(6)); 100.0 (d, IJ(C,H) = 168, C(2')); 90.9 (s, C(1)); 82.7 (d, 1J(C,H) = 167, C(4)); 80.0, 

79.3 (2d, 1J(C,H) = 145, 150, C(4'), C(5')); 17.0, 16.5 (2q, 1J(C,H) = 127, 129, CH3). CI-MS (NH3) m/z: 

238 (8), 221 (3), 220 (2, M+), 203 (5), 191 (2), 169 (3), 167 (2), 105 (7), 101 (100), 91 (17), 73 (12). Anal. 

calc. for C13H1603 (220.27): C 70.89, H 7.32; found: C 70.70, H 7.19. 

Acknowledgements. This work was supported by the Swiss National Science Foundation (programm CHiral 

2) and by the "Fonds Herbette" (Lausanne). We thank also the College of Arts and Sciences of the University 

of Toledo for generous support of the X-ray facility. 



3160 A. GUIDI et al. 

References and Notes 

1. For reviews, see e.g.: a) Lipschutz, B. H. Chem. Rev. 1986, 86, 795; b) Vogel, P.; Auberson, Y.; Bimwala, 

M.; de Guchteneere, E.; Vieira, E.; Wagner, J. in "Trends in Synthetic Carbohydrate Chemistry", Horton, 

D.; Hawkins, L. D.; McGarvey, G. J., Eds., ACS Symposium Series 386; American Chemical Society: 

Washington, D. C. 1989, p. 197; c) Vogel, P.; Fattori, D.; Gasparini, F.; Le Drian, C. Synlett 1990, 173; d) 

Vogel, P. Bull. Soc. Chim. Belg. 1990, 99, 395; e) Shipman, M. Contemporary Organic Synthesis, 1995, 

2,1. 

2. See e.g.: Adams, R.; Voorhees, V. Org. Synth. Coll. Vol. I. J. Wiley & Sons., New York, 1932, p. 274; 

McKillip, W. J.; Sherman, E. "KIRK OTMER Encyclopedia of Chemical Technology", J. Wiley & Sons, 

New York, Grayston, M.; Eckroth, D. Eds.; 1980, Vol. 11, p. 499-527. 

3. See e.g.: Diels, O.; Aider, K. Ber. 1929, 62, 554; Lee, M. W.; Hemdon, W. C. J. Org. Chem. 1978, 43, 

518; Dauben, W. G.; Lam, J. Y. L.; Guo, Z. R. Ibid. 1996, 61, 4816. 

4. a) Corey, E. J.; Loh, T.-P. Tetrahedron Lett. 1993, 34, 3979; b) Black, K. A.; Vogel, P. Helv. Chim. Acta 

1984, 67, 1612; Ogawa, S.; Iwasawa, Y.; Nose, T.; Suami, T.; Ohba, S.; Ito, M.; Saito, Y. J. Chem. Soc., 

Perkin Trans. 1 1985, 903; Grieco, P. A.; Lis, R.; Zelle, R. E.; Finn, J. J. Am. Chem. Soc. 1986, 108, 5908; 

Ferrari, T.; Vogel, P. Tetrahedron Lett. 1986, 27, 5507; Warm, A.; Vogel, P. Helv. Chim. Acta 1987, 70, 

690; Wagner, J.; Vieira, E.; Vogel, P. Ibid. 1988, 71,624. 

5. Saf, R.; Faber, K.; Penn, G.; Griengl, H. Tetrahedron 1988, 44, 389. 

6. Das, J.; Haslanger, M. F.; Gougoutas, J. Z.; Malley, M. F. Synthesis 1987, 1100; Ohtani, M.; Matsuura, 

T.; Watanabe, F.; Narisada, M. J. Org. Chem. 1991, 56, 4120; Matsuki, K.; Inoue, H.; Takeda, M. 

Tetrahedron Lett. 1993, 34, 1167; Real, S. D.; Kronenthal, D. R.; Wu, H. Y. Ibid. 1993, 34, 8063; Dienes, 

Z.; Antonsson, T.; Vogel, P. Ibid. 1993, 34, 1013; Seebach, D.; Jaeschke, G.; Ming Wang, Y. Angew. 

Chem., Int. Ed. Engl. 1995, 34, 2395; For the asymmetric hydroxylafion of 7-oxabicyclo[2.2.1]hept-2-ene 

derivatives, see: Brown, H. C.; Prasad, J. V. N. V. J. Am. Chem. Soc. 1986, 108, 2049; Hayashi, T. J. 

Synth. Org. Chem. Jpn. 1994, 52,900; Uozumi, Y.; Hayashi, T. Tetrahedron Lett. 1993, 34, 2335. 

7. Ito, Y.; Shibata, T.; Arita, M.; Sawai, H.; Ohno, M. J. Am. Chem. Soc. 1981, 103, 6739; Ohno, M.; Ito, 

Y.; Arita, M.; Shibata, T.; Adachi, K.; Sawai, H. Tetrahedron 1984, 40, 145; Jones, J. B.; Francis, C. J. 

Can. J. Chem. 1984, 62, 2578; Jones, J. B. Tetrahedron 1986, 42, 3351; Bloch, R.; Guibe-Jampel, E.; 

Girard, C. Tetrahedron Lett. 1985, 26, 4087; Jakovac, I. J.; Goodbrand, H. B.; Lok, K. P.; Jones, J. B. J. 

Am. Chem. Soc. 1982, 104, 4659; Lok, K. P.; Jakovac, J.; Jones, J. B. Ibid. 1985, 107, 2521; Asensio, G.; 

Andreu, C.; Marco, J. A. Chem. Ber. 1992, 125, 2233; Cinquin, C.; Schaper, I.; Mandville, G.; Bloch, R. 

Synlett 1995, 339; Andreu, C.; Marco, J. A.; Asensio, G. J. Chem. Soc., Perkin Trans. 1 1990, 3209. 

8. Schlessinger, R. H.; Pettus, T. R. R.; Springer, J. P.; Hoogsteen, K. J. Org. Chem. 1994, 59, 3246; 

Schlessinger, R. H.; Wu, X.-H.; Pettus, T. R. R. Synlett 1995, 536; Sha, C.-K.; Shen, C.-Y.; Lee, R.-S.; 

Wang, S.-L. Tetrahedron Lett. 1995, 36, 1283; Zylber, J.; Tubul, A.; Brun, P. Tetrahedron: Asymmetry 

1995, 6, 337. 

9. Takayama, H.; Iyobe, A.; Koizumi, T. J. Chem. Soc., Chem. Commun. 1986, 771; Takayama, H.; Hayashi, 

K.; Koizumi, T. Tetrahedron Lett. 1986, 27, 5509; Takahashi, T.; Namiki, T.; Takeuchi, Y.; Koizumi, T. 



Enantiomerically pure Diels-Alder adducts 3161 

Chem. Pharm. Bull. 1988, 36, 3213; Takahashi, T.; Kotsubo, H.; Iyobe, A.; Namiki, T.; Koisumi, T. J. 

Chem. Soc. Perkin Trans. I 1990, 3065; Takahashi, T.; Kotsubo, H.; Koizumi, T. Ibid. 1991, 1667; 

Ronan, B.; Kagan, H. B. Tetrahedron: Asymmetry 1991, 2, 75; Aggarwal, V. K.; Lightowler, M.; Lindell, 

S. D. Synlett 1992, 730; Arai, Y.; Matsui, M.; Koizumi, T.; Shiro, M. J. Org. Chem. 1991, 56, 1983; 

Maruoka, K.; Akakura, M.; Saito, S.; Ooi, T.; Yamamoto, H. J. Am. Chem. Soc. 1994, 116, 6153. 

10. Vieira, E.; Vogel, P. Helv. Chim. Acta 1983, 66, 1865; Reymond, J.-L.; Vogel, P. Tetrahedron: 

Asymmetry 1990, 1,729. 

11. Kernen, P.; Vogel, P. Helv. Chim. Acta 1995, 78, 301. 

12. Sevin, A.-F.; Vogel, P. J. Org. Chem. 1994, 59, 5920. 

13. See e.g.: Suzuki, T.; Tomino, A.; Unno, K.; Kametani, T.; Heterocycles 1980, 14, 439; Kametani, T.; 

Suzuki, T.; Tomino, A.; Unno, K. Chem. Pharm. Bull. 1982, 30, 167. 

14. Kihara, N.; Morimoto, T.; Nakanishi, T. Jpn. Kokai Tokkyo Koho JP 6137, 796[86 37,796]; Chem. Abstr. 

1986, 105, 153338c; see also the protein phosphatase 2A inhibition by cantharidin analogues: McCluskey, 

A.; Taylor, C.; Quinn, R. J.; Suganuma, M.; Fujiki, H. Bioorg. Med. Chem. Lett. 1996, 6, 1025. 

15. Quarroz, D.; Sonney, J.-M.; Chollet, A.; Florey, A.; Vogel, P. Org. Magn. Reson. 1977, 9, 611; Vogel, P.; 

in "Advances in Theoretically Interesting Molecules", Thummel, R. P.; Ed., JAI Press Inc., Greenwich, 

CT, USA, 1989, Vol. I., p. 201-355. 

16. Chamey, E. "The Molecular Basis of Optical Activity", Wiley, New York, 1979, pp. 217-226; 

Burgstahler, A. W.; Barkhurst, R. C.; Gawronski, J. K., in "Modem Methods of Steroid Analysis", 

Heftmann, Ed., Academic Press, New York, 1973, Chap. 16, pp. 349-379; Snatzke, G.; Snatzke, F. in 

"Fundamental Aspects and Recent Development in Optical Rotatory Dispersion and Circular Dichroism", 

Ciardelli, F.; Salvadori, P., Eds. Heyden & Son, New York, 1973, Chap. 3, 5; Snatzke, G. in "Optical 

Activity and Chiral Discrimination", Mason, S. F., Ed., Reidel, D. Dordrecht, 1979, pp. 48-55; Weiss, U.; 

Ziffer, H.; Charney, E. Tetrahedron 1965, 21, 3105; Chamey, E.; Ziffer, H.; Weiss, U. Tetrahedron 1965, 

21, 3121; Burgstahler, A. W.; Ziffer, H.; Weiss, U. J. Am. Chem. Soc. 1961, 83, 4660; Moscowitz, A.; 

Chamey, E.; Weiss, U.; Ziffer, H. Ibid. 1961, 83, 4661; Charney, E. Tetrahedron 1965, 21, 3127; 

Lightner, D. A.; Bouman, T. D.; Gawronski, J. K.; Gawronska, K.; Chappuis, J. L.; Crist, B. V.; Hansen, 

A. E. J. Am. Chem. Soc. 1981, 103, 5314; Burgstahler, A. W.; Wahl, G.; Dang, N.; Sanders, M. E.; 

Nemirovsky, A. Ibid. 1982, 104, 6873. 

17. Burgstahler, A. W.; Barkhurst, R. C. J. Am. Chem. Soc. 1970, 92, 7601; Burgstahler, A. W.; Weigel, L. 

O.; Gawronski, J. K. Ibid. 1976, 98, 3015; Burgstahler, A. W.; Boger, D. L.; Naik, N. C. Tetrahedron 

1976, 32, 309; Gawronski, J.; Gawronska, K. J. Chem. Soc., Chem. Commun. 1980, 346; Rosenfield, J. 

S.; Charney, E. J. Am. Chem. Soc. 1977, 99, 3209; Chamey, E.; Lee, C.-H.; Rosenfield, J. S. Ibid. 1979, 

101, 6802; Rank, A.; Peoples, H. A. J. Comput. Chem. 1980, 1, 240; Bouman, T. D.; Hansen, A. E. 

Chem. Phys. Lett. 1978, 53, 160; see also: Scott, A. I.; Wrixon, A. D. Tetrahedron 1970, 26, 3695; Idem, 

Ibid. 1971, 27, 4787; Hudec, J.; Kirk, D. N. Ibid. 1976, 32, 2475; Weigang, O. E. J. Am. Chem. Soc. 

1979, 101, 1965; Moriarty, R. M.; Paaren, H. E.; Weiss, U.; Whalley, W. B. Ibid. 1979, 101, 6804; 



3162 A. GUIDI et al. 

Duraisamy, M.; Walborsky, H. M. Ibid. 1983, 105, 3264; Sonney, J.-M.; Vogel, P. Helv. Chim. Acta 

1980, 63, 1034. 

18. Johnson, C. K. ORTEP, Report ORNL-5138, 1976, Oak Ridge National Laboratory, Tennessee, USA. 

19. M6tral, J.-L.; Lauterwein, J.; Vogel, P. Helv. Chim. Acta 1986, 69, 1287; Antonsson, T.; Vogel, P. 

Tetrahedron Lett. 1990, 31, 89. 

20. Ferritto, R.; Vogel, P. Tetrahedron: Asymmetry 1994, 5, 2077. 

21. Blessing, R. H.; Coppens, P.; Becker, P. J. Appl. Cryst. 1974, 7, 488. 

22. Main, P.; Fiske, S. J.; Hull, S. E.; Lessinger, L.; Germain, G.; DeClerq, J. P.; Woolfson, M. M., MULTAN 

80, University of York, England, 1980. 

23. International Tables for X-Ray Crystallography, Kynoch Press, Birmingham (Klewer Academic Publ., 

Dordrecht), 1974, Vol. IV. 

24. Fair, C. K., MolEN, An Interactive Intelligent System for Crystal Structure Analysis, User Manual, Enraf- 

Nonius, Delft, The Netherlands, 1990. 

25. Crystallographic data for the structure reported in this paper have been deposited with the Cambridge 

Crystallographic Data Centre as supplementary publication No. CCDC-101 . Copies of the data can 

be obtained, free of charge, on application to the Director, CCDC, 12 Union Road, Cambridge, CB2 IE7, 

UK (Fax: +44 (0) 1223 33 60 33; E-mail: teched@chemcrys.cam.ac.uk). 

(Received in UK 8 August 1996; accepted 18 September 1996) 


