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Abstract: Methyl 2-(4-hydroxybutyl)-4-oxo-4~-1-benzopyran-3-carboxylate 6 1s transformed 
mto the sproacetals 13 and 14 (ratio 5 1) vw treatment with mdomethane&otassmm carbonate, 
the process mvolvmg sequenaal mtramolecular conjugate addmon and enolate alkylafion The 
2,3-epoxlde 7 derived from 6 undergoes spuwychsation to the hydroxyesters 16 and 17 upon 
treatment with acids The siruchues of 13 and 16 were confirmed by X-ray crystallography 

The 1.7~&oxaspro[5 SJundecane (spuoacetal) moiety 1 has m recent years attracted much attention due to its 

mterestmg steteoelectmmc properhesl and its presence m a vanety of biolo@cally active natural products 2 In 

contrast, httle 1s known about benzannulated splroacetals of the form 2.3 and our mterest 111 these systems led 

us to seek methods for the= preparation Havmg established that chromones (4-oxo-4H-1-benzopyrans) with 

electron-wtthdrawmg substltuents at C-3 can funcuon as Michael acceptors 111 uncatalysed reactions with 

a&anols,4 we considered that an mtramolecular vanant of thts process nught provaie a parhcularly m&I route to 

the desved spvocychc system. This strategy5 nqured a chromone of the form 3, and we herem descnbe m 

deta@ our approach to such a substrate, and two procedures by which it can be cycbsed m the desued sense 

The 2-substituted chromone-3-carboxylate required for thus study was prepared as shown 111 Scheme 1 

Thus the Won of methyl acetoacetate was allylate and the product 4 transformed mto the chromone ester 5 

usmg the general method developed by Coppola and Dodsworth,* I e by treatmg the derived enolate amon 

with o-fluorobenzoyl chlonde The conversion of 5 mto the desired chromone-3-carboxylate 6 was effected m 

modest yield vau hydroborafion followed by oxldanon ~th trunethylamme N-ox& 9 

4 5 6 

SCHEME 1 Reugenrs I, NaH, toluene, 20 %, then o-FC&@C~, refk, 24 h (a%), 
11, BH3-THF, 20 ‘C, 24 h, then MegO, dlux. 2 h (43%) 
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7 8 9 

Usmg a potassmm carbonate-hydrogen peroxlde work-up m this hydrahon sequence gave nse to sign&ant 

amounts (up to 45% yield) of the epoxlde 7 Not surpnsmgly, such nucleoptic epoxldahons of chromones, 

earher described by Donnelly and coworkers.~o ate particularly facile vvlth the lughly electrophdic chromone-3- 

carboxylates For example, treatment of the sunple ester 8 with alkahne hydrogen pemmde gave the epoxlde 9 

m almost quantitative yield Under sun&u condmons the butenylchmmone 5 was transformed mto the epoxlde 

10, together with vanable amounts of the hydroxychromone 11 (Scheme 2). The latter product predommated 

when longer reaction times were used, and IS presumably the outcome of ester hydrolysis followed by 

decarboxylatlon and ehmmaoon, whch may occur dnectly or vaa the 2,3-d101 ansmglo from the hydroxlde- 

mduced rmg-opemng of the epoxlde function 

5 10 11 

SCHEME 2 Reagents I, NaOH, Hz@, water_TIIF, 20 ‘C, 1 h 

Spmacetahsaoon of the ester 6 was effected under alkylatig con&tions. the reaction bemg a vanant of the 

previously described heteroannulahon process 4 Thus the pendant hydroxyalkyl group of 6 can undergo an 

mtramolecular conJugate addmon to the enone moiety, leadmg to the formation of an mterrndate p-ketoester 

12, which IS alkylated WI slhl by mdometbane The result IS a rmxture (ratio 5 1) of the methylated splroacetals 

13 and 14 (Scheme 3) 

6 12 13 14 

SCHEME 3 Reagents I, MeI, KzCO3, acetone, reflux, 6 d (61%) 

Due to the high degree of subshhmon at the reactmg carbon atoms, the structures of the Isomers 13 and 14 

could not be assigned on the basis of high field ‘H n m r spectroscopy However, the relahve stereochermstry 

of the maJor product 13 was unequivocally estabhshed by X-ray crystallography, and IS consistent with the 

predommance of the conformer lSa m the equdrbratmg nuxture of enolates formed from 12 under the tiuence 

of base (Scheme 4) The mutually axial arrangement of the two ether oxygen atoms m 15a. which IS favoured 

due to the anomenc effect, induces a considerable stenc bias m the regon of the nucleophlhc centre, and the 

methylafion step occurs preferentily on the less hindered face of the enolate, 1 e that occupied by C-3 
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FIGURE 1 x-ray structure of l3 

A second route to the desired nng system involved the acid-induced cychsauon of the chromone epoxlde 7, as 

shown m Scheme 5 Treatmg 7 with tm0 chlonde (14 mol eqmv ) m dlchloromethane at 0 “C for 1 h 

produced a 1 1 rmxture (total 56%) of the lsornenc spyoacetals 16 and 17 Altemahvely, the cychsation could 

be mduced usmg a catalpc amount of p-toluenesulphomc acid m dlchlommethane, which also gave a mixture 

of 16 and 17 (total 59%) but with the former predommatmg by at least 2 5 *l The separated isomers 16 and 17 

&d not appear to equilibrate on treatment with an excess of p-toluenesulphomc acid 111 duzhloromethane 

Agam, the structures of the two isomers could not be deduced using kgh field ‘H n m r spectroscopy, but 16 

formed a crystallmep-bromobenzoate 18 whose structu~ was confkmed by X-ray crystallography (Figure 2). 

&oHZ!ZQ&;+qT 

‘I 
‘I’ c :: :::*~&Q) 

17 

SCHEME 5 Reagents I, CH2Cl2, cat. PlX4.20 ‘C, 22 h (59%). II. SnC4. CH2Cl2.1 h 
(56%), IU, p-BrC&COCI, DMAP, CH2C12. 20 ‘C. 18 h (70%) 

In prmciple the splroacetal16 could be formed from either 19 or 20 VW an mtramokcular &splacement process 

~th mverslon at C-2, and an mtermolecular eqmvalent of this IS precedented to On the other hand the 

formation of 17 suggests the mtemacy of an oxomum species 21 or 22. which could be stabtised VUJ 

chelaaon mvolvmg A and one of the two adjacent carbonyl funchons. Further coordinahon between A and the 

pendant hydroxyalkyl cham may also be a WntnbuMg factor m the nett retenhon wluch leads to 17 
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18 

FIGURE 2 X-ray structure of 18 

19 A = SnCb- 
20 A=H 

21 A=SnCb- 
22 A=H 

-AL 

All compounds are racenuc Meltmg pomts were determmed usmg an Electrothermal apparatus and are 

uncorrected Unless othemse stated, I r spectra were of hqmd paraffin (‘NuJo~‘) mulls on sodmm chlonde 

plates, recorded on Perkm Elmer 257, 177, and 580B, or Pye-Umcam SP3-100 mstruments N.m r spectra 

were measured for solutions m deutenochloroform unless otherwise mdlcated, with tetramethylsdane as the 

mternal standard, on Vanan EM360 (60 MHz), Cm-20 (80 MHz), and XL-200 (200 MHz), or Perkm-Elmer 

R32 (90 MHz), or Bruker AM250 (250 MHz) and AC300 (300 MHz) mstruments U v spectra were 

recorded for ethanohc solutions usmg a Pye-Umcam SP800 spectrometer Mass spectra were measured on 

Kratos MS30 (70 eV El) or Finnegan 4500 (low resoluhon ammoma CI) mstruments 

Startmg matenals and solvents were routmely punfied by conventional techmques 11 Organic soluuons 

were dned usmg anhydrous magnesium sulphate and concentrated by rotary evaporahon Analyhcal thm layer 

chromatography (t 1 c ) was carned out on Camlab Polygram SIL G/W254 plates Preparative (column) 

chnxnatography was camed out usmg 60H sdlca gel (Merck 7736 and hand-bellows pressure, or Merck 9385 

and the flash techmquel2) Composlhons of solvent muttures are quoted as ratios of volume ‘Petroleum’ 

refers to a hght petroleum fraction, b p 40-60 T, unless othemse stated ‘Ether’ refers to &ethyl ether 
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Methyl 3-0x0-6-hep~wuti 4 7 - Methyl acetoacetate (1.74 g. 15 mmol) was added dmp~se w& stmmg to a 

solution of sodunn hydnde (100%; 408 mg, 17 mmol) m tetrahydrofuran (50 ml) at 0 ‘C The resultmg 

nuxture was stirred vigorously for 0 5 h at 0 l C, and then treated drop~se with n-butyllithmm m hexane (17 

M. 10 0 ml, 17 mmol). After a further 0 3 h at 0 ‘C!. ally1 bronude (19 ml, 2.66 g. 22 mmol) was added 

dmpwise and the nurture then stmed for a further 0 5 h A nuxtuxe of cone hydrochlonc acid (3 ml), water 

(7 5 ml), and ether (22 ml) was then added and, after stunng for 5 mm at room temperature, the product was 

extracted with ether (3 x 15 ml) The combmed extracts were washed with bnne (2 x 20 ml), dried, and 

evaporated Chromatography of the residue. elutmg with ethyl acetate - petroleum (1:6). gave the title 

compound 4 (129 g, 55%) as an orl; Vmax (neat) 3080, 1750. 1720, and 1640 cm-t, 6 (60 MHz) 2.2-2 8 (4 

H, m. ~-HZ, ~-HZ), 3 5 (2 H, s, 2-H& 3 75 (3 H, s, OMe), 4 8-5 2 (2 H, m, ~-HZ), and 5 4-6 1 (1 H, m, 

6-H) 

Methyl 2-(3-butenyl)-4-oxo4H-l-benzopyran-3-carboxylate 5 - To a solution of the ester 4 (1 25 g, 8 

mm01) m toluene (40 ml) was added sodmm hydnde (100%. 197 mg. 8 2 mmol) and the resultmg mature 

sbrred vigorously for 0 3 h at room temperature o-Fluorobenzoyl chlonde (128 g, 8 1 mmol) 111 toluene (4 

ml) was then added and the muture was heated under reflux for 24 h and then pouted on to Ice (40 g). After 

the two-phase muture had stmed at room temperature for 10 mm. the aqueous layer was extracted ~th ether (3 

x 20 ml) and the combined extracts were dned and evaporated The residue was chromatographed, elutmg Hrlth 

ethyl acetate - petroleum (1 5), to obtam the arfe compound 5 (124 g, 60%) as a pale yellow od (Found C, 

69 7, H. 5 7 Ct5Ht404 qutres C, 69 8. H, 5 5%), Vmm (neat) 2900, 1720.1640, 1615, and 1570 cm-t, 6 

(60 MHz) 2 3-3 1 (4 H, m. I’-Ha. 2’-Hz), 3 9 (3 H, s, OMe), 4 8-5 3 (2 H, m, 4’-Hz), 5 5-6 2 (1 H, m, 

3’-H), 7 2-7 85 (3 H. m, 6,7,8-H), and 8 05-8 3 (1 H, m, 5-H) 

Methyl 2-(4-hydro~butyl)4-oxo4H-l-benzopyran-3-carboxylate 6 - To a solution of the ester 5 (825 mg, 

3.2 mmol) in tetrahydrofuran (50 ml) at 0 ‘C under argon was added dropwlse a solution of borane- 

tetrahydrofuran complex (0 4 M, 10 ml, 4 mmol) and the resultmg solution stn~ed for 24 h at room 

temperature Tnmethylamme N-oxide &hydrate (390 mg, 3 5 mmol) was added and the resultmg suspension 

was then heated under reflux for 2 h and allowed to cool Aqueous sulphunc acid (0 4 M, 10 ml) was added 

and, after samng at room temperature for 1 h, the mtxture was extracted with &chloromethane (4 x 20 ml) and 

the combined extracts dned and evaporated Flash chromatography of the residue. elutmg with ethyl acetate - 

petroleum (3 l), gave the hfle compound 6 (383 mg, 43%) as an unstable 011 (M + H+, 277 1088 Ct5Ht705 

requms 277 1076), Vma (neat) 3460,3000-2800, 1730,1675-1600, and 1575 cm-l, 6 (60 MHz) 14-2 2 (4 

H, m, 2’-H2, 3’-HZ), 2 5 (1 H, br s, OH), 2 8 (2 H, t. J 7 Hz, l’-Hz). 3 7 (2 H, t, J 6 Hz, 4’-Hz), 3 95 (3 

H, s, OMe), 7 l-7 5 (3 H, m, 6,7,8-H), and 8 O-8 2 (1 H, m, 5-H). m/z (CI, peaks >lO%) 294 (M + NI&+, 

19%) and 277 (M + H, 100) 
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Methyl 2-(4-hydroxybutyl)-4-oxo4H-I-benzopyran-3-carboxylate 6 and methyl la-(4-hydroxybutyl)-7- 

oxo-7H-oxweno[b][l]benzopyran-7a(laH)-carboxylate 7 - To a solutron of the ester 5 (774 mg, 3.0 

mmol) m tetrahydmfuran (30 ml) at 0 ‘C under argon was added dropwrse a soluhon of boranatetrahydrofuran 

complex (0 4 M, 9 ml, 3.6 mmol) and the resultmg soluaon stmed for 4 h at room temperature Water (10 ml) 

was added, followed by hydrogen peroxrde (30%. 0 4 ml, 3.9 mmol) and anhydrous potassmm carbonate (552 

mg, 4 mmol). The mtxture was stmed for 1 h at room temperature, extracted wnh drchloromethane (4 x 20 

ml), and the combined extracts drted and evaporated Flash chromatography of the restdue, elutmg wrth ethyl 

acetate - petroleum (1.1). gave the chromone 6 (232 mg, 28%) A second &a&on gave the epoxrde 7 (394 mg, 

45%) as an od (M + N&+, 310 1309 CtsHzoN@ requtres 310.1291), Vmax (neat) 3400, 2960, 2880, 

1750, 1690, 1610, and 1585 cm-t; 6 (90 MHz) 1.5-2 2 (6 H, m, I’-Hz, 2’-Hz. 3’-Hz), 3 7 (2 H, t, J 6 Hz, 

~-HZ). 3.92 (3 H, s, OMe), 7 O-7 25 (2 H, m, 6.8-H). 7 5-7.75 (1 H, m, 7-H), and 7.90-8 05 (1 H. m, 5- 

H). m/z (CJ, peaks >lO%) 310 (76%). 309 (M + w+, 100). and 293 (M + H, 16) 

Methyl la-methyl-7-oxo-7H-ox~reno[b][l]benzopyran-7a(laH)-c~bo~late 9 - mA. To a solutton 

of methyl 2-methylchromone-3-carboxylate g* (218 mg, 1 mmol) m tetrahydrofuran (5 ml) were added sodunn 

hydroxide (3 M, 0 2 ml) and hydrogen peroxide (30%; 0.2 ml, 2 mmol), and the resulnng rmxture stmed at 

room temperamm for 2 h. Water (20 ml) was then added, the nuxture was extracted wtth drchlommethane (3 x 

10 ml), and the combmed extracts drted and evaporated Chromatography of the resrdue, elutmg with ethyl 

acetate - petroleum (1 4), gave the ntle compound 9 (226 mg, 97%) as colourless needles, m p 84-85 ‘C 

(ethyl acetate - petroleum 1.1) (Found C, 61.5. H, 4 25 C12Hle05 reqmres C, 61 5; H, 4 3%); vmax 1750, 

1680.1610, and 1580 cm-t, hmax 254 5 MI (E 10400) and 314 (9230). 6 (60 MHZ) 1.9 (3 H, S. 2-Me), 3 95 

(3 H, s, OMe), 6 9-7 3 (2 H, m, 6,8-H), 7 45-7 8 (1 H, m, 7-H), and 7.9-8 1 (1 H, m. 5-H) 

m 10 To a solutron of methyl 2-methylchromone-3-carboxylate 8 (436 mg, 2 mmol) m acetone (20 ml) 

and water (10 ml) were added anhydmus potassnun carbonate (276 mg, 2 mmol) and hydrogen peroxide (30%, 

0 3 ml, 3 mmol), and the resultmg mrxture surred at room temperature for 24 h Water (30 ml) was then 

added, the nnxture was extracted with drchloromethane (3 x 20 ml), and the combined extracts dned and 

evaporated Chromatography of the residue as m Method A gave the epoxlde 9 (318 mg, 68%), tdenncal 

(t.1 c., n.m.r , I r , m p ) to the matenal obtained usmg method A above 

Methyl la-(3-butenyl)-7-oxo-7H-ox~reno[b][l]benropyran-7a(laHJ-carboxylate 10 and 2-(3-butenyl)-3- 

hydroxy-4H-l-benzopyrun-4-one 11 -&&thod A To a solutton of the ester 5 (258 mg, 1 mmol) m 

tetrahydrofuran (10 ml) and water (5 ml) were added sodurm hydroxide (3 M, 0 33 ml, 1 mmol) and hydrogen 

pemxtde (30%, 0 125 ml, 1 2 mmol), and the resulung nuxture suned at room temperature for 1 h. Water (15 

ml) was then added, the nuxtum was extracted wtth dlchloromethane (4 x 15 ml), and the combmed organic 

extract drted and evaporated Flash chromatography of the residue, elutmg wrth ethyl acetate - petroleum (1 4). 

gave the tde compound 10 (167 mg, 61%) as a colourless 011 (Found C, 66 1, H, 5 5 C15Ht405 requnes 

C. 65 7, H, 5 15%), Vmax (neat) 1740, 1680, and 1600 cm-t, 6 (60 MHz) 16-2 7 (4 H. m, I’-Hz. ~-HZ), 

3 9 (3 H, s, OMe), 4 85-5 25 (2 H, m, ~-HZ), 5 5-6 1 (1 H, m, 3’-H), 6 9-7 25 (2 H. m, 6.8-H) 7 4-7 7 

(1 H, m, 7-H), and 7 8-g 0 (1 H, m, 5-H) 
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