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Note 

Synthesis of (1 S,3R,4R,5R)-3,4-(isopropylidenedioxy)-l-[( lR)-l,Z-(isopropyl- 
idenedioxy)ethyl]-2-oxaspiro[4.4]non-6-en-&one from D-glucose 
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For the synthesis of carbocyclic spiro compounds, a challenging subject in 

organic synthesis, a number of approaches have recently been devised. The following 

procedures have been reviewed: (1) intramolecular alkylation’, (2) rearrangement2, 

and (3) cycloaddition3. In connection with the spiro type of sesquiterpenoid syn- 

thesis, several new methodologies have been de, eloped4,5. Meanwhile, achieving 

access to the carbocyclic, Spiro skeleton in an enantiomerically pure form con- 

stitutes an indispensable problem for the enantioselective total synthesis of natural 

products represented by the spirovativane sesquiterpenes. In relation to our 

synthetic interests in enantiomerically pure building-blocks for natural products 

synthesi@,‘, we now report a carbohydrate-mediated construction of the 2-oxa- 

spiro[4.4]non-6-en-S-one skeleton. As a synthetic target, we selected the 2-oxa- 

spiro[4.4]non-6-en-S-one 6, which should serve as a synthetic precursor of carbo- 

cyclic spire compounds. 
It had previously8 been demonstrated that the introduction of a quaternary 

carbon atom on the hexofuranose ring can be accomplished via ortho ester Claisen 

rearrangement of some 3-C-(hydroxymethyl)methylene derivatives of aldohexo- 

furanoses. When 1, prepared from D-glucose in a four-step sequence, was heated 

with triethyl orthoacetate, the ortho ester Claisen rearrangement proceeded stereo- 

selectively to provide in high yield (2R,3R,4R,SS)-4-[(ethoxycarbonyl)methyl]-2,3- 

(isopropylidenedioxy)-5-[(1R)-1,2-(isopropylidenedioxy)ethyl]-4-vinyltetrahydro- 

furan+, which, on hydride reduction of this rearranged product, gave the C-(formyl- 

methyl) derivatives 2. When subjected to Grignard addition of methylmagnesium 

*To whom correspondence should be addressed. 
‘Compounds described herein are derivatives of 3-deoxy-l,2:5,6-di-O-isopropylidene-cu-D-ribo-hexo- 
furanose; however, we have named compounds 3-5 as derivatives of tetrahydrofuran, and compounds 
f&8 as derivatives of 2-oxaspiro[4,4]nonane, in order to avoid an ambiguity that might occur by employ- 
ing carbohydrate nomenclature. 
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bromide in tetrahydrofuran (THF), compound 2 afforded an inseparable mixture 

of the adducts 3 (diastereomers) in 70% yield. 

Oxidation9 of 3 with pyridinium chlorochromate gave the ketone 4 (93.5%), 

and ozonolysis of its vinyl group of 4, and treatment of the product with triphenyl- 

phosphine provided aldehyde 5. Intramolecular aldol cyclization of 5 for cyclo- 

pentenone formation was best achieved by refluxing in 10% aqueous NaOH in 

methanol, to afford 6 in 84% yield from 4 after chromatographic purification on 

silica gel. The ‘H-n.m.r. spectrum of 6 revealed two alkenic protons, at 6 7.58 (for 

H-6) and 6.22 (for H-7), with a coupling constant of 6 Hz. Compound 6 possesses 

a quaternary carbon atom with an established stereochemistry [(R) configuration], 

and modification of the furanose ring would generate a variety of carbocyclic Spiro 

compounds. 

Hydrogenation of 6 in the presence of Raney nickel gave a diastereorneric 

mixture of the cyclopentanols 7. Under these conditions. the carbonyl group was 

also reduced, presumably in a 1,4-addition fashion. The hydroxyl groups in the 

mixture 7 were oxidized with pyridinium chlorochromate, to afford the cyclopen- 

tanone 8 in 86% yield from 6. Both 6 and 8 are considered to be versatile. chiral 

building-blocks for the synthesis of carbocyclic spiro compounds. 

EXPERIMENTAL 

General methods. - Dichloromethane (CH,Cl,) was dried over CaH, and 
distilled. Tetrahydrofuran (THF) was distilled over LiAIH, and then over Na- 

benzophenone. Reactions were carried out at room temperature unless otherwise 
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stated. Reaction mixtures, combined extracts, and fractions from chromatography 

were evaporated under diminished pressure. Optical rotations were measured with 

a Jasco DIP-4 polarimeter for CHCl, solutions in a lo-mm cell. Column chromatog- 

raphy was performed with silica gel 60 (Katayama Chemicals, K070), and thin-layer 

chromatography (t.1.c.) on a glass plate coated with Kieselgel 60 GF,,, (Merck), 

followed by detection with U.V. light or charring with sulfuric acid. 1.r. spectra were 

recorded with a Jasco IR-810 spectrometer. ‘H-n.m.r. spectra were recorded with 

a Varian EM-390 (390 MHz) spectrometer for solutions in CDCl,, with an internal 

standard of tetramethylsilane. 

Diastereomeric mixture of (2R,3R,4R,5S)-4-[(2RS)-2-hydroxypropyg-2,3- 

(isopropylidenedioxy) -5. [(IR) -1,2 - (isopropyfidenedioxy)ethyf] -4” vinyltetrahydro- 
furarz (3). - To a solution of8 2 (1.01 g, 3.22 mmol) in THF (20 mL) was added 

methylmagnesium bromide (2.5~ solution in THF; 2.5 mL, 6.25 mmol) under an 

argon atmosphere. The mixture was stirred for 2.5 h, more of the Grignard reagent 

(0.9 mL) was added, and the mixture was stirred for 1.5 h, treated with saturated, 

aqueous NH&I solution (15 mL), diluted with water (80 mL), and extracted with 

ethyl acetate (3 x 50 mL). The extracts were combined, dried (Na,SO,), and 

evaporated. The residue was chromatographed on silica gel (40 g) with 1: 10 ethyl 

acetate-hexane, and the fraction having R, 0.33 (1:2 ethyl acetate-hexane) was 

evaporated, to give inseparable mixture 3 (0.74 g, 70%) as a colorless syrup; 

v;$ 3500, 2990, 2940, 2890, 1640, 1455, 1380, 1250, and 1220 cm-; ‘H-n.m.r.: 6 

1.20 [t, 3 H, J 3 Hz, CH,CH(OH)CH,-], 1.31, 1.36, 1 SO [each s, 6 H, 3 H, 3 H, 2 

C(CH,),], l.S5-2.04 [m, 4 H, CH,CH(OH)CN,-1, 3.84-4.23 (m, 4 H, H-5, H- 

1,2,2’ of the C-5 side chain), 4.57, 5.03 (each d, total 1 H, each J 3.5 Hz, H-3), 

5.13-5.51 (m, 2 H, CH=CH,), 5.75 (d, 1 H, J3.5 Hz, H-2), 5.97, and 6.19 (each 

dd, total 1 H, each, J 7 and 12 Hz, CH=CH,). 

Anal. Calc. for C,7H2806: C, 62.17; H, 8.59. Found: C, 62.43; H, 8.46. 

(2R,3R,4R,5S)-2,3-(Isopropylidenedioxy)-5-[(lR)-1,2-(isopropylidenedioxy)- 
ethylj-4-(2-oxopropyl)-4-vinyftetrahydrofuran (4). - To a stirred solution of 3 (1.75 

g, 5.33 mmol) in CH,Cl, (20 mL) were added pyridinium chlorochromate (2.64 g, 

12.3 mmol) and powdered molecular sieves 4A (2.72 g). The mixture was stirred 

for 1.5 h, ether (5 mL) was added, the suspension was placed on a silica-gel column 

(30 g), and the column was eluted with ether. The fraction having RF 0.56 (1:2 

ethyl acetate-hexane) was evaporated, to give 4 (1.63 g, 93%) as a colorless syrup; 

[a];’ +36.8” (c 1.24, CHCl,); vE$2990, 2940, 2890, 1715,1380,1370,1250, 1160, 

and 1070 cm-‘; ‘H-n.m.r.: 6 1.32, 1.37, 1.54 (each s, 6 H, 3 H, 3 H, 2 C(CH,),], 

2.20 (s, 3 H, CH,C=O), 2.37, 2.96 (AB, each 1 H, J 18 Hz, CH,COCH,-), 3X3-- 

4.26 (m, 4 H, H-5, H-1,2,2’ of the C-5 side chain), 4.99 (d, 1 H, J 3.5 Hz, H-3), 

5.19 (d, 1 H, J 18 Hz, CH,=CH), 5.22 (d, 1 H, J 11 Hz, CH,=CH), 5.71 (d, 1 H, 

J 3.5 Hz, H-2), and 6.09 (dd, 1 H, J 11 and 18 Hz, CH,=CH). 

Anal. Calc. for C,,H,,O,: C, 62.56; H, 8.03. Found: C, 62.36; H, 7.79. 

(lS,3R,4R,5R)-3,4-(lsopropylidenedioxy)-l-[(lR)-l,2-(isopropylidenedioxy)- 
ethyfl-2-oxaspiro[4.4]non-6-en-&one (6). - Into a solution of 4 (1.63 g, 4.98 mmol) 
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in CH,Cl, (20 mL) was bubbled a stream of ozone (-3% v/v in 0,) for 2 h at -7V’. 

To the solution was added a solution of triphenylphosphinc (I.40 g. 5.34 mrnol) in 

CH,CI, (10 mL) at -7O”, and the mixture was gradually warmed to room tempera- 

ture while triphenylphosphine (each 0.7 g) was added after 2, 4, and 5 h. The 

mixture was evaporated, and the residue was chromatographed on a silica-gel 

column (135 g, 1:7 ethyl acetate-hexane). Fractions having RF 0.46 (1 :2 ethyl 

acetate-hexane) were combined and evaporated, to give (2R,3R,4R,SS)-4-formyl- 

2,3-(isopropylidcnedioxy)-S-]( lR)- 1,2-(isopropylidcncdioxy)ethyl]-4-(2-oxopro- 

pyl)tetrahydrofuran (5) (1.44 g, 88%) as a colorless syrup which was directly sub- 

jected to the next step. 

CornpoundS: iH-n.m.r.: S1.30,1.33. 1.60[eachs,3H,6H,3H,2C(CHJZ], 

2.31 (s, 3 H, CH,CO), 2.21,3.13 (AB, each 1 H,J 18 Hz, CH,COCI-I1--), 3.93-4.16 

(m, 3 H, H-1,2.2’ of the C-5 side chain), 4.44 (d, 1 H, .I 12 Hz, H-S). 5.26 (d. 1 H, 

/ 3.5 Hz, H-3), 5.81 (d. 1 H, J 3.5 Hz, H-2), and 9.72 (s, I H, CHO). 

A solution of 5 (1.44 g) in a mixture of aqueous NaOH (10 wt%, 7.5 mL) and 

methanol (30 mL) was refluxed for 135 min, and cooled, the base neutralized by 

addition of hM aqueous HCI, the methanol evaporated, and the solution diluted 

with water (80 mL), and extracted with CH,Cl, (3 x 100 mL). The extracts were 

combined, dried (Na,SO,), and evaporated, the residue chromatographed on a 

silica-gel column (50 g, 1:7 ethyl acetate-hexane), and the fraction having R, 0.51 

(1:2 ethyl acetate-hexane) evaporated, to give 6 (1.30 g; 84% from 4) as a colorless 

syrup; [a];’ +97.3” (c 1 .Oh, CHCI,); $,y! 2990, 2940,29X0, 1720, 1670, 1580, 1380. 
1370, 1250, and 1215 cm-‘; ‘H-n.m.r.: 6 1.22, 1.31, 1.56 [each s, 3 H, 6 H. 3 H. 2 

C(CEI,)J, 1.94, 2.68 (AB, each 1 11, J 8 Ifz, H-9,9’). 3.87-1.19 (m. 4 H, H-l, 

H-1,2,2’ ofthe C-l side chain), 4.31 (d, 1 H, J3.5 Hz, H-4), 5.78 (d, 1 H,J3.5 Hz, 

H-3), 6.22 (d, 1 H, J 6 Hz, H-7), and 7.58 (d, 1 H, J 6 Hz, H-6). 

Anal. Calc. for C,,H,,O,: C, 61.92; H, 7.14. Found: C, 61.84; H, 7.08. 

(IS,3R,4R,5R)-3,4-(IsopropyZidenedioxy)-l-[jlR)-i,2-(isopropylidenedioxy)- 
erhy~-2-ona~ppiro[4.4)nonun-~-one (8). - A solution of 6 (520 mg, 1.68 mmol) in 

ethanol (20 mL) was hydrogenated in the presence of Raney nickel”’ T-4 under 

hydrogen at atmospheric pressure for 2.5 d. The catalyst was removed by filtration 

through a Celite pad, and washed with ethanol. The filtrate and washings were 

combined, and evaporated. The residue was chromatographed on a silica-gel col- 

umn (45 g, 1:SO ethanol-toluene), and fractions having R, 0.44 and 0.46 (I:8 

ethanol-toluene) were combined and evaporated, to give a diasteromeric mixture 

of (lS,3R,4R,5S,7RS)-3,4-(isopropylidenedioxy)-l-[( lR)-1,2-(isopropylidenedi- 

oxy)ethyl]-2-oxaspiro[4.4Jnonan-7-01s (7) (427 mg) as a colorless syrup, which was 

directly oxidized. 

Compound 7: v?&* 3520, 3020, 2Y70, 2910, 1400, 1385, 1260, 1235, and 1180 

cm-‘; ‘H-n.m.r.: 6 1.31, 1.35, 1.43, 1.51 [ each s, each 3 H, 2 C(CH,),], 1.67-2.26 

(m, 6 H, H-6,8,9,6’,8’,9’), 3.80-4.56 (m> 7 H, H-1,4,7. OH. H-1.2.2’ of the C-I 

side chain), and 5.63 (d, 1 H, J 3.5 Hz, H-3). 
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To a stirred solution of the mixture 7 in CH,Cl, (10 mL) were added 

pyridinium chlorochromate (1.13 g, 5.26 mmol) and powdered molecular sieves 4A 

(1.20 g). The mixture was stirred for 15 h, and then placed on a silica-gel column 

(16 g) that was eluted with ether, and the ethereal fraction having R, 0.68 (1:8 

ethanol-toluene) was evaporated, to give 8 (451 mg, 86%) as a colorless syrup; 

[cz];s +73.7” (c 1.26, CHCl,); v:$ 2980, 2935, 1740, 1450, 1400, 1370, 1250, 1160, 

and 1070 cm-‘; ‘H-n.m.r.: 6 1.32, 1.46, 1.53 [each s, 6 H, 3 H, 3 H, 2 C(CH,),], 

1.78-2.58 (m, H-8,9,8’,9’), 1.88, 2.49 (AB, each 1 H, J 18 Hz, H-6,6’), 3.77-4.20 

(m, 4 H, H-l, H-1,2,2’ of the C-l side chain), 4.22 (d, 1 H, J 3.5 Hz, H-4), and 5.71 

(d, 1 H, J 3.5 Hz, H-3). 

Anal. Calc. for C,,H,,O,: C, 61.52; H, 7.74. Found: C, 61.23; H, 7.58. 
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