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Abstmct. The. DI&-Alder dducts 7a,b by acldlc hydrolyas afTord tlw elcabols 8a,b, wluch m tbe prmawe of s&a 
gel, rearrange into the qllmmml denvat~ve 198 and nuaor anxnmte of the naphtboforan 11 The reumgmmt of 
&,b~vltb~~gdmtheprrssacsof~leffordstbe~~typepro4ucts12~15 ‘Ikthmml 
muraogemeat of elcobols &,b by katmg III beamme solutm aftMa a muhue of the xeamqed pmdocts lOa,b and 
the aplfowmpound 18 under mmllu tbmmal coodlhons, the alcohol 3 pmdoced the leuwnaphtbuann denvatlve 19 
lmdtllespyocompoundu) 

INTRODUCTION 

We have earlier described’’ the synthesis of Dds-Alder adducts of Q-1-tnmethylsdyIoxybuta-1,3&ene 

with qumones bearmg electron-wthdrawmg groups Recently, we have also reporte~I~*~ on the reachv~ty of 

compounds 1 and 2 under acid catalysed con&&ons These studies mduzated that adducts of type 1 (R= COMe, 

CHO, CO,Me, COCH=CHPh and NOJ, by treatment with d~Iuted hydrochlonc acid m THF solutum undergo 

a factie rearrangement to produce dtiydrobenzo[b]tkans of type 4 m 70-9996 yields. Compound 3, obtamed 

from the acldlc hydrolysis of adduct 2, faded to undergo tis rearrangement under the same con&tmns. We 

have found, however, that a rearrangement occurred when 3 was SubJected to the a&on of s&ca gel m 

chloroform-ethanol solution to @ve the benzodifuran 5 m 70% yield. 
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RESULTS AND DISCUSSION 

With the sum to explore the scope of the above rearrangement we have also exanuned the beha~our 

of the tetracychc alcohol 8 wluch could lead to naphthtifuran denvatwes. Cycload&hon of Q-l- 

tnmethylstiyloxybuta-1,3-dlene with anthradlqumone 6 occurred under mild condltmns and afforded a 1 4 

dlastereomenc rmxture of the mtemal cycloadducts 7a,b III 96% yield. The high site-select~lty for the 

attack of the electron-nch dlene, which occurs exclusively at the more reactive 4a,9a double bond, was 

expected on the basis of our results on Diels-Alder reactmn of napththodlqumone with 

Q-1-mmethylsllyloxybuta-1,3-dlentiand those reported pre~ouslf with the qumone 6 and 1,3dlsubstWed 

electron-nch dlenes The angular structure of the Isomers 7a,b was deduced from the ‘H NMR spectrum 

of the nuxture which showed two AES systems (6 6.57,6 89 and 6.62, 7.06) assigned to the vmyhc protons 

of both enedione moleties The dlastereomers 7a,b could be separated by chromatography. 
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lhI,R1=CH3,R*=~ 
lOb,Rl = H ,R*=a3 

7&b, R=TMS 
8&b, R=H 
9a,h R=Me 

Treatment of the 7a,b muture with 1.3 N hydrochlonc acid m THF resulted only m the hydrolysis 

of the CYlMS group to give a 1.4 nuxture of the alcohols 8a,b m 70% yield In an analogous cycloaddltlon 

reachon, anthdqumone 6 and (E)-1-methoxybuta-1,3dlene afforded the expected adduct as a 1.4 

dmstereomenc nuxture 9a,b, the structure of which was confirmed from the NMR spectrum wluch was very 

nnular to those of 7a,b. It is remarkable that the adduct 9a,b 1s stable to acldlc condlhons and all the 

attempts to produce a rearrangement m the presence of hydrochlonc acid led only to recovermg of the 

startmg matenal 

Compounds 8a,b by treatment v&h 8 N hydrcxhlonc acid m THF solution for 4 days at room 

temperature gave only unchanged startmg matenal However, when the mixture of alcohols 8a,b was reacted 

wdh slhca gel 111 chloroform (HPLC grade stabtised ~th pcymene) solution at room temperature a 

rmxture of the rearranged compounds 1Oa and 11 were obtamd m 85 and 5% yield, respectively 
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8a,b - 13 - 12 - 16 

ScbeneIl 

hemketal mtermedmte 15, as outhned m Scheme II. Thus assumpUon was confirmed by conductmg the 

above reaction m 1.1 chloroform-ethanol solutmn. In thus case+ compound 1Oa was not detected (by TLC 

and ‘H NMR) and the reachon gave a nuxture of the rearranged compounds 12 and 16 m 75% and 5% 

yield, respectwely. Compound 16 probably awes from the cycbsatxm of naphthofuran 12 Induced by the 

ska gel m a manner smular to that observed recently by us startmg from the tncychc alcohol 3’ 

Takmg mto account these results we have also mveshgated the reachv~ty of the alcohols 8a,b under 

thermal comhhons w&out any catalysts, m order to mduce a [3,3]- and/or [ 1 ,5]-slgmatropic rearrangement, 

which have precedent m related systems’. When the isomenc mixture Sa,b, was refluxed m benzene for 

2 days, 1t was rearranged to the qumone 10 and the spmmpound 18 m 70% and 10% yield, respechvely 

The mayor component 10 was dated as a 9 1 Z/E mixture (lOa+lOb), eshmated by mtegrahon of the 

correspondmg CH, signals at 6 2.05 and 2.12 m the ‘H NMR spectrum 

0 OH 

18 

The ‘H NMR spectrum of 18 showed one aldehy&c proton (6 9.34), one free (S 3.86) and one 

hydrogen-bonded phenohc proton (S 13 03), and signals of an ABX system (6 2 83, 3.24, and 6 07), 
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assrgned to the furan rmg protons The 13C NMR spectrum of 18 displayed two carbonyl carbons at 6 187 7 

and 186 7 and a methylene carbon at 6 44.7, and confirmed the sprro umon by the presence of a quaternary 

ahphatrc carbon srgnal at 6 69 7 The formahon of 18 can be ratmnahsed as shown m Scheme III. The 

mtermedrate 13 formed from 8a,b undergoes a [3,3] srgmatroprc rearrangement to grve the rntermedmte 17 

which cychzes to the sprrocompound 18 

In vrew of the above results, we also attempted to promote a thermal rearrangement 111 the tr~cycbc 

alcohol 3 by refluxmg in benzene solutron for 2 days Under these condrnons, the leuconaphthazarm 

denvatrve 19 and the sprrocompound 20 were generated 11170% and 15% yreld, respechvely (Scheme IV) 

The leuconaphthazarm structure of 19 was assigned by its ‘H NMR spectrum whrch showed two hydrogen- 

bonded OH protons (6 11.80 and 11.86), two aromattc protons (S 7 27), five mutually coupled protons (S 

2 74-3 31), one aldehydtc proton (6 9 55) and hvo olefimc protons (6 6 21 and 6 86, J= 15 7) The structure 

of 20 was based on its ‘H and 13C NMK spectral data, whtch were very snmlar to those of sprrocompound 

18. 

19 20 

In summary, the course of the rearrangement is drfferent m the alcohols 3 and 8 and 1s strongly 

dependent on the reactron condmons The rearrangements repormd here offer efficmnt entrres to novel furan 

contammg cychc systems and provrde a ready access to compound 19, which IS a promising synthon for the 

constructton of the tetracychc system of anthracyclinones. 

EXPERIMENTAL 

M p.s were determmed wrth a Kofler hot-stage apparatus and are uncorrected. Mmroanalyses were 

performed wrth a Heraeus analyzer. IR spectra were record& on a Perkm-Elmer model 681 gratmg 

spectrophotometer as nulol mulls, Y values m cm- ’ ‘H NMR spectra were determmed wrth erther a Vanan 

EM-390, a Bruker AM-200 or a Varmn KL-300 spectrometer, m CDCl, soluhon, unless othenvrse stated r3C 

NMK were determmed with erther a Varmn XL-300 or a Bruker AM-200 m CDCl, sohmon, unless otherwrse 



stated. Chenucal shifts were reported m p p m. (6) downfield from Me& Mass spectra were determmed on 

a VG-12-250 spectrometer. Slhca gel Merck 60 (70- 230 mesh) and DC-Alufoben 6OF, were normally used 

for preparative column and analytical TLC respectively 

The alcohol 3 was prepared accordmg to the method previously reported4. 

Reaction of Anthracen+1,4,9,10one (6) with (E)-l-Tl,~~~. 

To a soluuon of the dqumone 6’ (2.36 g, 10 mmol) m dlchloromethane (60 ml) was added Q-l- 

tnmethylsllyloxybuta-1,3dle-ne (1.53 g, 10 mmol) and the nuxture was allowed to stand at room temperature 

for 12 h. The solvent was removed under reduced pressure and the crude was tnturated with diethyl ether to 

give ll-tnmethyls~yloxy-4a,9a&hydro-4a,9a-@l,4,9,lO-tetraone (7) (3 65 g , 96%) as 

a 1:4 rmxture of two dmstenzomers (determmed by ‘H NMR) Anal Calcd for G,H,O,Si C, 66.31, H, 5.26 

Found: C, 65.91; H, 5.05% These isomers were separated by flash column chromatography (3 1 petroleum 

ether-chloroform) 

Adduct 7a m p 145-149 “C; Y _ 1720, 1710, 1685, 1595, b,, (300 MHz): -0 34 (9H, s, OSMs), 2 14 

(lH, d, J 19 0 Hz, 14-H), 3 39 (lH, dd, J 19 0,2 6 Hz, 14-H’), 4.93 (lH, m, 11-H), 5 80- 5 95 (2H, m, 

12-H, 13-H), 6 57,6.89 (2H, AB syst , J 10 4 Hz, 2-H, 3-H), 7 64-7.80 (2H, m, 6-H, 7-H), 8 01-8 10 (2H, 

m, 5-H, 8-H), S, (200 MHz) -0.86, 27 26, 62 47, 65 56, 69 31, 125.97, 126 58, 126 94, 133 15, 134.72, 

137 44, 138 16, 142 04, 188 98, 191 03, 192 70, 194 86, m/z 381 (M++l), 380 (M’), 365, 352, 335,309, 

298, 290, 282, 240 (lOO), 221, 73. 

Adduct 7b m p 112-115 “C, v _* 1720, 1710, 1685, 1590, bH (300 MHz): -0 02 (9H, s, OSLM~), 2 04 

(lH, d, J 19 0 Hz, 14-H), 3 24 (lH, ddd, J 19.0, 4.4, 1.4 Hz, 14-H’), 5 09 (lH, d, .I 4 9 Hz, 11-H), 

5.80-5 95 (2H, m, 12-H, 13-H), 6 62, 7 06 (2H, AB syst , J 10 4 Hz, 2-H, 3-H), 7.64-7 80 (2H, m, 6-H, 

7-H), 8 01-8 10 (2H, m, 5-H, 8-H); S, (200 MHz): -0.19, 26 36, 62 15, 65 92, 69 49, 125 66, 127 26, 

127 48, 128 06, 131 49, 134 71, 135 01, 135 39, 139 34, 144 72, 189 15, 190 25, 193 47, 193 74, m/z 381 

(M++l), 380 (M+), 365, 352, 335, 319, 298 (lOO), 291, 282, 73 

Reaction of Adducts 7a,b iu Acidic Medium. 

A solution of the mixture of the isomenc adducts 7a,b (1.9 g, 5 mmol) m THF-water (9 1, 100 ml) and 

1 3 N hydrochlonc acid (1 ml) was kept at room temperature for 24 h. The mixture was poured mto water and 

the solution was extracted with chloroform The organic layer was washed with water and dned (MgSO,) The 

solvent was removed and the crude product was tnturated with dletbyl ether to give ll-hydroxy- 

4a,9a-Qhydro-4a,9a-@ut-2-eno)anthracene-1,4,9,lO-tetraone (8a,b) (1 08 g, 70%) as a 1 4 mixture of 

duistereomers (determined by ‘H NMR), 3500, 1705, 1675, 1595, bH (300 MHz, acetone-&) 2 20 (lH, v_’ 

d, .I 18 0 Hz, 14-H), 3.10 (lH, d, J 18 0 Hz, 14-H’), 4 65 (0 2H, d, J 4.1 Hz, 11-H), 4 77 (0 8H, d, J 4 1 

Hz, 1 l-H), 4 93 (0 2H, br s, OH), 5 02 (0 8H, br s, OH), 5 79-5 99 (2H, m, 12-H, 13-H), 6 75,7 12 (1 6H, 

AB syst J 10.5 Hz, 2-H, , 3-H), 6 75, 7 03 (0 4H, AB syst J 10 5 Hz, 2-H, 3-H), 7 80-8 10 (4H, 5-H, , m, 
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6-H, 7-H and 8-H); Sc (200 MHz, acetone-@: 27 37, 28.09, 63 57, 63.87, 65 74, 69 90, 126.24, 126 61, 

127.36, 127.86, 128.07, 128.25, 128.55, 128.74, 132 66, 134.51, 135 77, 135.95, 136 61, 138 75, 140.81, 

142 98, 145.13, 190.43, 192 07, 193.69, 195 97, m/z 308 (MC), 290, 280, 262, 240 (lOO), 209, 183, 76 

Anal. Calcd for CIIIH,20S * C, 70.13; H, 3.89. Found: C, 69 94, H, 3.90%. 

Attempted Cleavage of the Alcohols 8a,b in Hydrochloric Acid. 

To a solution of the alcohols 8a,b (77 mg, 0.25 mmol) m THF-water (9 1, 5 ml) was added 8 N 

hydrochlonc acid (5 drops) and the nuxture was kept at room temperature for 4 days After the usual work-up, 

the residue was shown to be recovered alcohol 8a,b (by ‘H NMR) 

Reaction of Antlwacene-1,4,9,10_tetraone (6) with (i&l- Methoxybuta-1,3-d 

To a solution of the diqmnone 6 (1 19 g, 5 mmol) m dlchloromethane (60 ml) was added 

(E)-1-methoxybuta-1,3dlene (462 mg, 5 5 mmol) and the mixture was allowed to stand at room temperature 

for 12 h The solvent was removed under reduced pressure and the crude was tnturated wrth dlethyl ether to 

give the adduct 9a,b (1 53 g, 95%), as a 1 4 nuxture of two dlastereomers (determmed by ‘H NMR), Y, 

1740, 1710, 1690, 1680, 6” (300 MHz) 2.06 (0 8 H, d, J 19 6, 14-H), 2 15 (0.2 H, d, J 19 5, 14-H), 3.01 

(0 6 H, s, OMe) 3 23 (2 4 H, s, OMe), 3 25 (0.8 H, ddd, J 19 6, 4 3, 1.9 Hz, 14-H’), 3 39 (0.2 H, ddd, 

J 19 5, 4 5, 1 6 Hz, 14-H’), 4 55 (0 2 H, dd, J 4 6, 0 8 Hz, 11-H), 4.69 (0 8 H, dd, J 4.7, 0 5 Hz, 11-H), 

5.90-6.20 (2H, m, 12-H, 13-H), 6 58, 6 91 (0 4 H, AB syst , J 10 2, 12-H, 13-H), 6.67, 7.06 (1 6 H, AB 

syst., J 10 3 Hz, 12-H, 13-H), 7 66-7 84 (2H, m, 6H, 7H), 8 04-S 11 (2H, m, 5H, S-H), & (200 MHz): 

26.73,27 59,57 05,62 41,68 58,73 20, 123 92, 124 13, 126 86, 127 21, 127.54, 127 72, 128 18, 131 55, 

133 35, 134 83, 135 54, 137 46, 139 46, 141 98, 144 51, 188 87, 190 36, 190 50, 193 28, 193.30, m/z 322 

(M+), 294, 277, 240 (lOO), 225, 209, 190, 152, 91 Anal Calcd for C1&405: C, 70 80, H, 4.34. Found 

C, 71 00, H, 4 43 

Attempted Cleavage of Adducts 9a,b 

To a solution of the adduct 9a,b (80 mg, 0.25 mmol) m THF-water (9.1, 20 ml) was added 1.3 N 

hydrochlonc acid (6 drops) and the soluhon was kept at room temperature for 6 days. After the usual work-up, 

the residue was shown to be recovered adduct (by ‘H NMR) Attempts of cleavage effected by usmg 8.5 N 

hydrochlonc acid (3 drops) at room temperature for 3 days were also unsuccessful. 

Cleavage of ll-Hydroxy-4a,9a-dihydro-4a,9a-(but-~eno)an~~n~l,4,9,l~~~one(8a,b) 

Method A. 

A mixture of the lsomenc alcohols Sa,b (200 mg, 0 65 mmol), sihca gel (3 g, Merck 7G230 mesh) and 

chloroform stabtllsed with amylene (100 ml) was vigorously stirred at room temperature for 10 days. The 

resultmg mixture was filtered and the solvent removed The crude mixture was separated by flash 
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chromatography. Elution WA chloroform afforded the O-substituted quuwarm 1Oa (170 mg, 85%); m.p 

184-185 “C!; Y _: 1700, 1680, 1650, 1600; SW (300 MHz) 2 05 (3H, d, J 7.1 Hz, Me), 6.52 (lH, q, 7 1 Hz, 

=CH), 7 19, 7.08 (2H, AB syst , J 9 3 Hz, 2-H, 3-H), 7.79 (2H, m, 6-H, 7-H), 8.26 (2H, m, 5-H, 8-H), 

9.36 (lH, s, CHO), 13.04 (lH, s, OH), Sc (200 MHz). 17 17, 115 70, 119 85, 125 73, 126.42, 126 54, 

127.30, 132.28, 133 45, 134 04, 134.73, 136.95, 150.29, 151 49, 158 84, 181.06, 186.08, 188 68, m/z 310 

(M’+2), 308 (M+), 279,265,263,251 (lOO), 240,236,224, 177, 149,138,77. Anal Calcd. for C,Ji$,O, 

C, 70 13, H, 3 89 Found C, 69.99, H, 4 02. Further elution with ethyl acetate afforded compound 11 (16 

mg, 5%), m.p 177-182 “C, Y _: 3432, 2925, 2853, 1718, 1628 8” (300 MHz). 1.96 (lH, dd, J 16.9, 7.3 

Hz, 3-H), 2.47 (lH, dd, J 16 9, J 9 1 Hz, 3-H’), 2 54 (lH, ddd, J 17.2, 5 3, 1 3, l’-H), 2.78 (lH, ddd, J 

17.2,7 3, 1 6 Hz, 1’-H’), 3.58 (lH, br s, OH), 4 93 (lH, m, 2-H), 6 97, 6 88 (2H, AB syst , J 8.8, =CH), 

7.32 (lH, dd, J 6.8, 1.1 Hz, 9-H), 7.61 (lH, dt, J 7.7, 7.6, 1 4 Hz, 7-H), 7.71 (lH, dt, 57 5, 7 4, 1 3 Hz, 

8-H), 8.13 (lH, dd, J 8.3, 1 1 Hz, 6-H), 9.69 (lH, t, J 1 3, 1 6 Hz, CHO), 11.66 (lH, br s, OH). m/z 326 

(M+), 281, 265, 237, 149, 83 (100). 

A mixture of the lsomenc alcohols 8a,b (308 mg, 1 mmol), silica gel (4 g, Merck 70-230 mesh), 95% 

ethanol (10 ml) and chloroform (90 ml) was wgorously s&red at room temperature for 10 days. The resultmg 

nuxture was filtered an the solvent removed The crude nuxture was separated by flash chromatography 

(chloroform) to afford the O-substituted quuwarm 1Oa (77 mg, 25%) and compound 12 (177 mg, 50%), m p 

131-135 “C; Y, : 1725, 1705, 1645, 1590; bH (300 MHz) 1.18 (3H, t, J 7 2, Me), 1.96 (lH, dd, J 16 9, 

7.3 Hz, 3-H), 2.50 (2H, m, 3-H’, l’-H), 2.77 (lH, ddd, J 17.2, 7.2, 1 9 Hz, 3-H’), 4.22 (lH, q, J 7 2 Hz, 

OCH& 4.92 (lH, m, 2-H), 6.88,6.96 (2H, AB syst., J 8.9, =CH), 7 32 (lH, dd, .I 7.3, 1.4 Hz, 9-H), 7.59 

(lH, dt, .I 7.3,7 4, 1.4 Hz, 8-H), 7.67 (lH, dt, J7 6, 7 4, 1.4 Hz, 7-H), 8.09 (lH, dd, J 7.6, 1.4 Hz, 6-H), 

9.70 (lH, t, J 1.9, 1.2 Hz, CHO), 11.73 (lH, s, OH), 6c (200 MHz): 13.63, 36 86, 49 14, 61.88, 77 16, 

117 39, 118 02, 118 39, 125.79, 126.04, 128.11, 129.94, 130.66, 132 96, 142 34, 151.89, 157 49, 165 49, 

199 74,201.71, m/z 354 (M+), 280, 265, 250, 240 (lOO), 180, 152, 149, 139, 97, 71 

Method C. 

A nuxture of the lsomenc alcohols 8a,b (308 mg, 1 mmol), dica gel (4 g, Merck 70-230 mesh), 95% 

ethanol (50 ml) and chloroform (50 ml) was wgorously stxred at room temperature for 10 days. The resultmg 

rmxture was filtered an the solvent removed. The crude rmxture was separated by flash chromatography 

(chloroform) to afford compounds 12 (265 mg, 75%) and 16 (17 mg, 5%), Y, 1740, 1710, 1645, 1600, 

&, (300 MHz): 1 27 (3H, t, J 7.2, Me), 2 75-3 0 (2H, m, I’-H, I”-H), 3 O-3 33 (3H, m, l’-H, 1”-H’, 4-H), 

3.58-4.0 (lH, m, 4-H’), 4.12-4.25 (2H, m, OCHJ, 5 O-5 13 (lH, m, 5-H), 5.42-5 60 (lH, m, 2-H), 7 54 

(lH, t, J 8.1, Hz, arom.), 7 70 (lH, t, J 8.1, Hz, arom ), 7 92 (lH, d, J 8 1 Hz, arom.), 8 19 (lH, d, J 8 1 

Hz, arom ), 9.92 (lH, t, J 1 2 Hz, CHO). 
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‘lbermal Rearrangement of 9-Hydroxy-4e,8a-d,~~ut-~eno)-naph~~e~l,4,5,~~~one(3) 

A solution of alcohol 3 (2.58 mg, 1 mmol) in benzene (30 ml) was heated under reflux for 48 h The 

solvent was removed and the crude nuxture was separated by flash chromatography (chloroform) to afford the 

leuconaphthazann 19 (172 mg, 67%), Y - (film). 1720,1690,1660; bH (3OOMHz). 2 74 (lH, m, l’-H), 2 98 

(3H, m, l’-H’, 3-H, 3-H’), 3 31 (lH, m, 2-H), 6 21 (lH, dd, .I 15 7,7 7 Hz, 3’-H), 6 86 (lH, m, 2.-H), 7 27 

(2H, s, 6-H, 7-H), 9.55 (lH, d, .I 7 7 Hz, CHO), 11 80 (s, lH, OH), 11 86 (lH, s, OH), & (200 MHz) 

32 94,41 53,44 76, 113 85, 114 24, 128.78, 135 57, 152 39, 155 24, 155 44, 193 01,200 18,201.57, m/z 

260 (M+), 242,204, 189, 149, 111,97, 83,69,57 (lOO), 43. Anal. Cakd for C,&OS* C, 64 61, H, 4 62. 

Found C, 64.70, H, 4 75, and spirocompound 20 (34 mg, 15%), m p 130 “C, Y, 3400, 1670, 1660, 

1620, s, (300 MHz) 2.74 (lH, dd, J 19 3, 2 9 Hz, 3’-H), 2.99 (lH, dd, J 19 3, 6.2 Hz, 3’-H), 3 48 (IH, 

br s, OH), 6 01 (IH, dd, J 6 2,2 9 Hz, 4’-H), 6 36 (lH, d, J 10 2 Hz, 3-H), 6 92 (lH, d, J 10 2,2-H), 6 93, 

7 38 (2H, AB syst , J 9 1 Hz, 6-H, 7-H), 9 28 (lH, s, CHO), 12.39 (lH, s, OH); S, (300 MHz) 39 75, 

68 61, 112.46, 118 97, 125 26, 127.13, 130 13, 134.40, 147 59, 151 13, 151.63, 159.77, 186.74, 189 02, 

m/z 258 (I@), 203, 149, 111, 97, 69, 55 (100). 

Thermal rearrangement of ll-hydroxy-4a,9a-dihydro-4a,9a-(but-2-eno)adhracene-l,4,9, lO-tetraone 

(80) 
A solution of the lsomenc alcohols 8a,b (308 mg, 1 mmol) m benzene (30 ml) was heated under reflux 

for 48 h. The solvent was removed and the crude nuxture was separated by flash chromatography (chloroform) 

to afford the O-substituted qmmzarm lOa,b as a 9.1 nuxture of E/Z isomers (215 mg, 70%), S, (300 MHz) 

2.05 (2 7H, d, J 7 1 Hz, Me lOa), 2 12 (0 3H, d, .I 7 9 Hz, Me lob), 5.93 (O.lH, q, J 7 9, =CH lob), 6 52 

(0 9H, q, 7 1 Hz, =CH lOa), 7 19, 7 08 (1 8H, AB syst , J 9 3,2-H, 3-H lOa), 7 27,7 30 (0.2H, AB syst , 

J 9 51 Hz, 2-H, 3-H, lob), 7 79 (2H, m, 6-H, 7-H, lOa,b), 8 26 (2H, m, 5-H, 8-H, lOa,b), 9 36 (0 9H, s, 

CHO, lOa), 10 04 (0 lH, s, CHO, lob), 13 04 (0 9H, s, OH, lOa), 13 09 (0 lH, s, OH, lob), and 

spirocompound 18 (28 mg, lo%), m p 150 “C, Y, . 3430, 1700, 1655, 1640, 1600, b,, (300 MHz) 2 83 

(lH, dd, J 19 8,2.7 Hz, 3’-H), 3.24 (lH, dd, J 19 8,5.9 Hz, 3.-H’), 3 86 (lH, s, OH), 6.07 (lH, dd, .I5 9, 

2 7 Hz, 4’-H), 6 99, 7 46 (2H, AB system, J 8 9 Hz, 2-H, 3-H), 7 56 (lH, t, J 7 8, 7.5 Hz, 6-H or 7-H), 

7 78 (lH, t, 37 8, 7 5 Hz, 7-H or 6-H), 7 95 (lH, d, 7.8 Hz, 5-H), 8 31 (IH, d, J 7 8, 8-H), 9 34 (IH, s, 

CHO), 13 03 (lH, s, OH); & (300 MHz) 44 66, 69 65, 112 69, 118 87, 126 72, 126 82, 127 37, 128 19, 

128.99, 130 80, 135 14, 135 48, 146 01, 147 96, 151.91,160 86, 186 65, 187 73, m/z 308 (I&), 279,253, 

236, 149 (NO), 97, 57, 55, 43 
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