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fey W&S mtramoleculaf 1,3-d1polar cycloadd~t~oo, carbooyl yl~de, acetylene, furobenz0PYran 

Au&act - thermal treatment of oxuanes 1 and 4 sffords W ,4H ,9bH -fnm[32-c Illlbehzop~~s 5 and 6 through 
an in&a-molecal= 1,3dipolar cycloaddmon between the carbooyl yhde, generated by nng oPW of the oxm% and 

the acetylene moiety 

INTRODUCTION 

In the last decade, mtra- and mtermolecular 1,3-dipolar cycloaddttron has provrded one of the most 
powerful tools for the synthesis of complex skeletons possesmg S-membered heterocycles, because of the hrgh 

level of regro- and stereochemrcal control 1 The chemistry of carbonyl yhdes as 1,3-dipoles has been extensrvely 
studted for the preparatron of differently substituted tetrahydrofurans Several methods have been described for 

the generation of thus drpole the thermal or photochemmal rmg openmg of oxrranes,2-5 thermolysrs of 

oxadiazolmes,e carbon droxlde elimmatton from dtoxolanoneq7 carbon monoxrde extrusron from oxetanones,s 

and the addmon of carbenes to carbonyl compounds 9-16 

The mtramolecular cycloaddnion of a properly functronabzed molecule bearmg a carbonyl yhde and a 

dipolarophi@*to represents a general method for the srmultaneous formatron of two fused heterocycles one 5- 
membered tetrahydrofuran and the size of the other dependmg on the length of the tether (Scheme 1) When 
dipole and drpolarophrle are Joined through a three or four-atom chant the yrelds m brcyclrc compounds are 

usually high t14v10 Although the use of an olefm as dtpolarophde m the mtramolecular cycloaddrhons wrth 

carbonyl ylrdes has been extensrvely studied by W Eberbach and co-worker@ durmg the 80’s, no example 
using an alkyne has been described The presence of an acetylemc bond as dipolarophile would grve nse to the 
formation of a drhydrofuran, an unsaturated heterocycle, that would easrly allow further chemtcal 
transformatrons 

In relation wrth our mterest m the syntheses of pterocarpans, A, we have developed a new syntheses of 
2H ,4H ,9bH -tko[3,2-c I[llbenzopyrans, B, based on the thermal openmg and mtramolecular cychzatton of 
the acetylemc oxrranes C Although many synthesis of 4H -furo[3,2-c ][llbenzopyran-4-ones are known m the 

literature, there are only three methods described for the preparatron of the correspondmg furobenzopyran&t7 
and to the best of our knowledge this is the first syntheses of the unsaturated heterocyclrc system II 
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Scheme 1 
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RESULTS AND DISCUSSION 

Only good yields m the generation of carbonyl yhdes by thermolysls of oxnaues are obtamed when 
gemmal electron-wlthdrawmg groups (X and Y) are present m the oxlramc nng, that can stablhze the negative 
charge of the mtermedlate ylide We therefore started our studies with oxlrane 1, whose synthesis IS mdlcated m 
Scheme 2 

Aldehyde 2 was prepared from sahcylaldehyde and propargylbromlde usmg phase transfer catalysis m 

almost quanmatlve yield l&19 Its reaction with dlmethyl malonate under Kn6venagel condensation condltlons 
afforded the new olefm 3 m 8 1% yield The presence of the acetylemc proton was confirmed by the E spectrum 

(3250 and 2110 cm-l) and the trlplet at 6 2 34 (J=2 4 Hz) m the pmr spectrum The olefmlc proton 1s strongly 

deshlelded, its chemical shift bemg 6 8 09 

The epoxldation of electron-wlthdrawmg gem -dlsubstltuted olefms 1s reported m the llterature20 using 
sodium hypochlonte at neutral pH The reactlon of 3 with NaClO 111 acetomtnle/water afforded a white sohd with 
mp 76-77’C ldentlfled as l,l-b~s(methoxycarbonyl)-2-[5-chloro-2-(2-propynyloxy)phenyl]ox~rane, 4 (47% 
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yield) by its analytical data Its pmr spectrum m CDCl, presented a signal at 6 4 73-4 77 whose mtenslty 

corresponded to three hydrogen atoms, mdlcatmg the formmon of the oxmne, but the complex absorption at 6 
6 84-7.40 presented the same mtensity, I e three protons The chlormation of the aromatic rmg was confirmed 
by the mass spectrum (m/e =326-324 for C15H13C106). In the hterature we found that phenols can be 

chlonnated m the darkness with hypochlonte 21 It remamed to estabhsh the position of the ChloMe atom and dus 
was accomplished by runmng the pmr spectrum m hexadeutenobenzene m tins solvent the aromatic absorptions 

were two doublets (6 6 43 with J=8 6 Hz and 7 51 with J=2 4 Hz) and a double doublet (6 7 00) These 
multiplicities and couplmg constant values are only consistent with the chlorme atom m meta or para position 

b) 

cl /I 4 

1 

BrCH&zCH, NaOH, &Bu4NHS04 cat, CH2Ci2/H20 
CH2(CO&H3),, plperldme cat , C6H, 

4 

c) NaCIO, n-Bu4NHS04 cat, CH,CI,/H,O 
d) NaCIO, pH 7-8, CH3CN/H20 

Scheme 2 

to the phenohc oxygen atom, but the first one should be reJected based on mechamstlc considerations The 

oxrramc proton (6 4 89) and the methylene protons (6 4 13) were no longer lsochronous m the C6D6 pmr 
spectrum 

When we changed the solvent to a methylene chloride-water mixture usmg the techmque of phase transfer 

catalysi~~~ the arOmatIc ChlOMatlOn reactlon was no longer observed and the desired oxuane 1 was isolated wah 
a satisfactory yield The explanation to this different behaviour of the oxldlzmg reagent may be found m the 
reduced exposure of the orgamc substrate to the hypochlonte when usmg a two-phase system.The thermal 
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generatlon of carbonyl yhdes reqmres temperatures over 1 10°C2-4 and we choosed chlorobenzene as solvent for 
our mtramolecular 1,3-dipolar cycloaddition Heatmg a solution of 1 at 160°C m a pressure-resistant vessel for 
13 hours (disappearance of starting mater@ allowed the isolauon (76% yield) of a whtte sohd (mp 114-l 15’C) 
that was ldentied by its spectroscopic data and elemental analysis as the furo[3,2-c ][llbenzopyran 5 (Scheme 
3) The reaction m less polar solvents as diglyme or 1,3-dlchlorobenzene afforded also heterocycle 5, but m 
lower yields (30-40%) The olefmic and the methmic protons were unfortunately lsochronous 111 the pmr 

spectrum In CDC13 These two protons absorbed separately (8 5 77 and 5.90) in the 
hexadeutenobenzene solution, where the non-equivalent methylemc protons absorbed as two doublets at d 4 10 
and435 

l,X=H 5, X=H 
4,x-a 6, X= Cl 

Scheme 3 

The same reaction condmons were apphed to 4, but 21 hours were now needed for the disappearance of 
the startmg matenal Furobenzopyran 6 was isolated m 5 1% yield as a pale yellow sohd The yields m dlglyme 
and 1,3-dichlorobenzene were agam lower The arommc region of the pmr spectrum in CDC13 presented two 

doublets (6 6 74 and 7 43) and a double doublet (6 7 12), which confirmed the halogen poslhon In this case the 
olefmlc and the methimc protons were lsochronous m CDC13 and C6D6 The presence of the electron- 
wlthdrawmg chlorme atom, although not directly attached to the oxnane rmg, seems to slow the conrotatory rmg 
openmg 

In conclusion, a new and easy access to substituted 2H ,4H ,9bH -furo[3,2-c I[llbenzopyrsns, potential 
mtermedlates to pterocarpsns from mtramolecular cychzmon of carbonyl yhdes to acetylenes has been achieved 

EXPERIMENTAL SECTION 

The u spectra were recorded on a Perkm-Elmer 13 10 spectrophotometer The nmr spectra were recorded 

on a Bruker WP8OSY spectrometer, chemical shifts are given m ppm relative to TMS (6 values) The mass 
spectra were run on a Hewlett-Packard 598.5B spectrometer, only peaks with higher mtenslty than 20% are 
reported, unless they belong to molecular Ions or to slgmficant fragments 

2-(2-Propynyloxy)benzaldehyde , 2 

This product was prepared by a previously reported procedure 18J9 

Dunethyl 2-(2-propynyloxy)benzylrdenemalonate (3 
A solution of 2 (20 0 g, 0 12 mol), dlmethyl malonate (19 8 g, 0 15 mol), plperldme (2 mL), and a 

catalyhc amount of benzolc acid III benzene (40 mL) was heated m a Dean-Stark at 105llO°C After quantlttive 
separation of water (2 3 mL, 0 12 mol) the solvent was evaporated and crude 2 sohddlfied Recrystalhzatlon from 
methylene chloride-pentane afforded 26 8 g (0 098 mol, 81% yield) of 3 mp 73-75OC, K (KBr) 3250,2110, 
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1725, 1700, 1625 cm-l, pmr (CDC1$2 34 (t. J=2 4 Hz, 2H), 3 78 (s, 3H), 3 84 (s, 3H), 4 75 (d, J=2 4 Hz, 
2H), 6 84-7.50 (m, 4H), 8 09 (s. 1H); cmr (CDC13) 52 2, 52.4, 56.4, 76.4, 78.1, 112 9, 121.9, 123 2, 

126.1. 129.3, 131.8, 138.7, 156 1, 164 6, 166 9, ms m/e 274 (M+. 45), 243 (24), 219 (98), 215 (82), 211 
(25), 210 (31), 199 (28). 184 (24), 176 (22). 173 (76). 155 (46). 146 (29), 145 (lOO), 142 (37), 131 (23), 128 
(30), 127 (21), 101 (21), 89 (79), 77 (24), 63 (38). 59 (39) Anal Calcd for C15Ht405 C, 65 69, H, 5 15 
Found C, 65 86, H, 5 29 

l,l-Brs(methoxycarbonyl)-2[2-(2-propynyloxy)phenyl]oxlrrme , 1 
A mixture of 3 (1 0 g, 3 6 mmol), tetrabutylammomum hydrogen sulphate (50 mg), methylene chlonde 

(13.6 mL), and 1.34 N sodmm hypochlonte solution (13.6 mL, 18.2 mmol) was stnred for 26 hours at room 
temperature Water (50 mL) was added and the mixture was extracted with dlchloromethane (3x50 mL) The 
organic layer was dned over anhydrous sodium sulphate and evaporated to afford 1 08 g of a yellow 011, that 
crystalhzed on standmg Recrystalhzatton from methanol allowed the lsolatlon of 606 mg (58% yield) of pure 1 

as a white sohd. mp 65-66’C, u (KBr) 3240, 1730-1710 cm-l, pmr (CDC13) 2 49 (t, J=2 4 Hz, lH), 3 55 (s, 
3H), 3 88 (s, 3H), 4 78 (br s, 3H), 6.83-7 15 (m, 4H), pmr (ChDs) 1 97 (t. J=2 4 Hz, lH), 3 16 (s, 3H), 
3 25 (s, 3H), 4 19 (d, J=2 4 Hz, 2H), 5 03 (s, lH), 6 56-7 59 (m, 4H), cmr (CDC13) 52 1, 53 0, 56 2,58 8, 

62 4,75 7.78 1, 112 1, 121 1, 121 3, 126 1, 129 7, 156 2, 163 8, 165 6; ms m/e 290 (M+, 4), 274 (l), 259 
(2), 175 (lOO), 115 (52). 105 (24), 77 (36), 59 (25), 51 (27) Anal Calcd for C15H1406 C, 62 07, H, 4 86 
Found C, 62 23. H, 4 96 

I,l-Bn(methoxycmbony1)-2-[5-chloro-2-(2-propynyloxyphenyl)]ox~mne, 4 
To a well med solution of 3 (1 01 g, 3 6 mmol) m acetomtrde (15 mL) m a 150 mL baker glass, a 1 34 N 

sodium hypochlonte solution (26 8 mL, 36 0 mmol) was added durmg 2 hours Durmg this process the mixture 
was kept at pH 7-8 (pHmeter) by controled addltlon of 2 N sulphunc acid Water (100 mL) was added and the 
mixture was extracted with dlchloromethane (3x100 mL) The orgamc layer was dned over anhydrous sodium 
sulphate and evaporated to afford a white sohd (1 14 g) Recrystalhzatlon from methanol allowed the Isoltion of 

560 mg (47% yield) of pure 4 mp 76-77°C. u (KBr) 3290, 1745 cm-l, pmr (CDC13) 2 55 (t, J=2 4 Hz, lH), 
3 60 (s, 3H), 3 85 (s, 3H), 4 75 (br s, 3H), 6 84-7 40 (m, 3H), pmr (C6Ds) 2 0 (t, J=2 4 Hz, lH), 3 13 (s, 
3H), 3 22 (s, 3H), 4 13 (d, J=2 4 Hz, 2H), 4 89 (s, lH), 6 43 (d, J=8 6 Hz, lH), 7 00 (dd, J=8 6 Hz, J’=2 4 
Hz, lH), 7 51 (d, J=2 4 Hz, lH), cmr (CDCl,) 52 3, 53 2, 56 7, 58 3, 62 4, 76 2, 77 8, 113 7, 123 4, 

126 4, 126 7, 129 6, 154 8, 163 6, 165 4, ms m/e 326-324 (M+, 5, 12), 262 (3), 260 (9), 211 (23), 209 (67), 
179 (26). 167 (24), 139 (28). 115 (26), 111 (35), 75 (45), 59 (100) Anal Calcd for C,5H&lOh C, 55 49, 
H. 4 03 Found C, 55 73, H, 4 16 

Dtmethyl2H,4H,9bH-furo[3,2-c][l]benzopyr~-2,2-d~corboxylate , 5 
A solution of 1 (3 36 g, 11 6 mmol) m chlorobenzene (80 mL) was heated m a pressure-reslstant vessel at 

16O’C during 13 hours Ellmmatlon of the solvent by vacuum dlstlllatlon afforded a yellow sohd 
Recrystalhzatlon from methanol gave 5 (2 56 g, 76% yield) as a white sohd mp 114-115“C, lr (KBr) 3110, 

2960, 1745, 1725 cm-l, pmr (CDC13) 3 71 (s, 3H), 3 80 (s, 3H), 4 80 (br s, 2H), 5 SO-6 00 (br s, 2H), 
6 68-7 50 (m, 4H). pmr (CsDh) 3 40 (s, 3H), 3 71 (s, 3H), 4 10 (d, J=13 5 Hz, lH), 4 35 (d, J= 13 5 Hz, 
lH), 5 77 (br s, lH), 5 90 (br s, lH), 6 62-7 68 (m, 4H), cmr (CDC13) 52 8, 52 9.63 1, 81 6, 94 8, 116 6, 

119 4, 121 4, 124 6, 126 5, 129 1, 139 6, 152 6, 167 4, 168 4, ms m/e 290 (M+, 69), 231 (27), 172 (15), 
171 (lOO), 115 (22), 59 (12) Anal Calcd for C15H1406 C, 62 07, H, 4 86 Found C, 62 36, H, 4 93 

DImethyl 8-chloro-2H,4H.9bH-furo[3,2-c][l]beruopyran-2,2-d~carboxylare, 6 
A solution of 4 (0 98 g, 3 0 mmol) m chlorobenzene (17 mL) was heated m a pressure-reslstant vessel at 

160°C during 21 hours Ellmmatlon of the solvent by vacuum dlstlllatlon afforded a yellow sohd 
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Recrystalhzaaon from methanol gave 6 (0.505 g, 51% yield) as a pale yellow sold* mp 109-llO’C, u (KBr) 

3100, 2960, 1740 cm-l, pmr (CDC13) 3 77 (s, 3H), 3 86 (s, 3H), 4.86 (br s, 2H), 5 95 (br, s, 2H), 6 74 (d, 
J=8 6 HZ, lH), 7.12 (dd, J=8 6 Hz, J’=2 4 Hz, lH), 7 43 (d, J=2 4 Hz, lH), pmr (CsDa) 3 18 (s, 3H), 3 37 
(s, 3H), 4 00 (d, J=13 5 Hz, lH), 4 20 (d, J=13 5 Hz, lH), 5 68 (br s, 2H), 6 49 (d, J=8.6 Hz, lH), 6 86 
(dd, J=8 6 Hz, J’=2 4 Hz, lH), 7 55 (d, J=2.4 Hz, lH), pmr (CDCl$ 52 9, 53 0, 63 3, 81 1, 94 9, 118 1, 

120 0, 126 0, 126 2, 126 4, 129 1, 138 7, 151 2, 167 2, 168 1, ms m/e 326-324 (M+, 2, 5), 265 (15), 207 
(25), 205 (loo), 115 (48), 59 (55) Anal Calcd for C15H13C!10s C, 55.49, H, 4 03 Found C, 55 28, H, 
4.10. 
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