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Absbact: Hekxodiene cycloadditions of 4-oxo-W-Menzopyrans with fonnyl. acetyl. or carboxyl 
substitoents at C-3 to 1-alkoxy- or l.ldialkoxyalkenes produce 3-alkoxy- or 3.3~diakoxy+ta- 
dihydropm[4,3-b][lIbenzowran-lO-ones whii anz capable of a variety of selective tmnsfamations, 
including acid-induced qime&aticm and/or retroqcloaddidon, reduction, hydrolysis and alcoholyais, in 
some cases uodcr Wry mild colldilions. 

4-Oxo-4If-I-hcnzopyrans (chromones) l-3 with electron-withdrawing substituents at C-3 are highly 
versatile molecules. Their reactivity towards nucleophiles can lead to a variety of alkylated,‘** heteroaunulated3 
aud spiroannulated4 chroman-4-one derivatives, or rearrangement products.5 They also function as dienophiles 
in [4x + 2x1 cycloadditions of electmn-rich dienes,6 or as hetemdienes in inverse electron demand Diels-Alder 
reactions of enol ethers.7-9 The latter process offers a direct route to pyrano[4.3-b][ l]benxopyrans 4, whose 

heterocyclic nucleus occurs naturally in the fungal metabolite fulvic acid 5.1° and our interest in this and related 
uatural products led us to undertake a study of the chemistry of 4 which we herein describe in detaiL 

1 2 X=CHO.COR 4 
X = H, R, OR, k, crc. 3 X = S(O)Ar, C@R 

5 6 la R=H 
7b R=Me 

Sturtittg Materials. The chromone-3-carbaldehydes 2 (X = CHO) used in this work are accessibk via 
Vilsmeier formylation of appropriate o-hydroxyacetophenones. ’ I-‘* In order to include in our study materials 

with substitution patterns typical of the polyketide biosynthetic pathway (cJ !Q, we sought chromones of the 
form 6. Attempts to obtain these by modifying the benxylic methyl group of the acetophenones 713 met with no 
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success, so we turned our attention to applying dkected lithiation/trapping techniques to the ethers 8-W derived 
from m-hydroxybenzyl alcohol (Table 1). l&16 The direct acctylation of the 3-(methoxymetbyl)phenol 
derivatives 8 and 9 by this method was moderately effective (entries 1,2 and 6). whereas the lithiated 3- 
(methoxymethoxymethyl)atenes 10 and 11 wcav less amenable to our needs. The dilithiatcd alcohol 12 gave 
the C-substituted products 22 and 23 on treatment with acetaldchyde aad N&dimethylformamide (DMF) 
respectively, but attempted acetylation yielded only the O-acetyl compound 24. The homologue 25 was 
obtained from lithiated 13 in modest yield (entry 14). Manganese dioxide oxidation of the dio122 (which was 

also available from the lactol23 via heatment with methyllithium) gave the phthalide 26 in high yield 

TABLE 1 Formation of IfJ-trisubstituted benzaes via lithiation of m-hydmxybwuyl alcohol derivatives 

nBuLi&xanes E-X 

20 ‘C to reflux -78 to +‘ZO 

Entry Substrate R1 R2 E-X Pmduct E Yield (%)t SM (%)* 

1 8 

2 8 

3 8 

4 9 

5 9 

6 9 

7 10 

8 10 

9 11 

10 11 
11 12 
12 12 
13 12 
141 13 

Me Me Ad31 14 

Ac20 14 

co2 15 

CH2OMe Me Me1 16 

17 

Ac20 17 

Me CHzOMe Me1 18 

Ac20 19 

CHzOMe Ci-IzOMe Me1 20 

Ac20 21 

Me H MeCHO 22 

DMF 23 

AcCl, Ac20 24 

CH2OMe H MeCHO 25 

CoMe 

C02H 
Me 
COMe 

ME. 

axbfe 
Me 

CoMe 

CH(OH)Me 

CH(OH)Me 

50 

48 
62 
92 
18 
44 
73 
13* 
46 

2s 
55 
69 
- 

39 

11 
17 
16 

44 

54 
10 
50 

19 

27 

41 

t Refers to isolated chmmatogm@aUy homogeneous material except where indicated otherwise 
* Refers to recovered stating material 
* Not obtained pure; yield estimated from tbe ‘H n.m.r. spectrum of the crude product 
1 Benzene used as cesolvent 

14 R&Me 22 R=H 23 24 24 
17 R = CH&Me 25 R=OMe 
27 R=H 
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Unfortunately most attempts to transform the above pmducts into chromone precursors floundersd at the 

&protection step. For example, attempted demethylation of the ketone 14 under various conditioning led either 
to tbe formation of complex mixtures containing none of the desired o-hydrox yace@Wnone or to recovery of 

starting materiaI. One notable exception was the ketone 17, which was smoothly converted into the hydroxy 
compound 27 via matment with aquems trifiuoroacetic acid. 

Cycloadditions. The results of a series of cycloaddition experiments am shown in Table 2, which reveals 

three significant featums of the reaction. Firstly, the anticipated7 en&9 selectivity (23:l) is retained throughout 

tbe series, but 5-substituted chromones react much more slowly than their ~substitut~ homologues (cf- 

entries 1, 5,7). This is presumably a result of peri interactions, which cause the 4-0x0 substituent to be 

pushed out of the plane of the heterodiene, thereby diminishing its activating effect on it. Secondly, enoic acids 

can serve as the heterodiene (c$ entries 9-12, 16),18 the 4~ system being stabilised in the s-cis conformation 
required for reaction by intramolecular H-bonding between the carboxyl hydrogen and the 4-0~0 substituent. 

TABLE 2 He&c&m cycl- of 3-substituted dmmones to alkox@kenes 

Heterodieuc 
Entry x Y 

Dienophile Temp. Tm 
B Z (“0 

Cycloadducts Total Batio 
Cd) eh exo (96) 4b) 

l* 28 H H 34 Et H 20 

2” 29 Me H 34EtH 115 

3* 28 H H 35 Bu” H 20 

4 29 Me H 35 Bu” H 95 
530H Me 34EtH 20 

6 30 H Me 34 Et H 100 

7 31 H cH2oMe 34EtH 20 

8 31 H CHzOMe 34Et H 115 

9 32 OH H 34 Et H 20 

10 32 OH H 35 Bu” H 20 

I1 32 OH H 36 Me Me 20 

12 33 OH CH2Cl 34EtH 20 

13 28 H H 37 hk CM?. 20 

14 29 Me H 37 Me OMe 20 

15 30 H Me 37 Me aMe 20 

16 32 OH H 37 Me Cmk 20 

3 38a 38b 90 

2 3% 39b 92 

6 4as 40b 95 

3.5t 4la 41b 75 

21 42a 42b 77 

3 42a 42b 73 

10 43a 43b 85 

1 43a 43b 74 

7 44a 44b 77 

9 4% 45b 90 

3 46a 46b 80 

5 4% 47b 100 
0.01 48 100 
0.2 49 100 
0.1 50 99 
0.01 Jf 95 

5:l 

3.5:l 

8:l 

4:l 

3:t 

2.8:I 

41 

2.9: 1 

41 

7:1* 

4:l 

6:ll 

* Redts fnwr ref- 7 (for comw) 
t Bate enhammmt (CQ. Efdd) by Yb(fod)j 

~Judgedby*HnJn~..~;mcisdatedyieldof~was#)4b 
1 Judged by *H n.mr. specnoscopy; the isc&ed yield of 47~ was 56% 
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Thirdly, q&additions involving the highly nucleophilic 1,1diaJkoxyalkenes (ketene acetals) as dienophiles 
(entries 12-16) are extremely rapid and efficient, and the products possess a variety of synthetically useful 
properties which are described below. 

Acid-induced Equilibration and retro-Cycloaddition Reactions. Although the endo cycloadducts are 
kineticahy favoured in the above cycloadditions, the exe isomers are thermodynamically more stable due to the 
anon&c effect,t9 and each of the isomers of 38 gave the same mixture (exo:en& 6.51) on treatment with 
anhydrous acid for several hours (Table 3). Under similar conditions, the l-methyl system 39n was observed 
to undergo some fragmentation, leading to the formation of 3-acetylchromone 29 in 33% yield, while the 
cycloadducts 41a and 52a mctcd almost exclusively through the alternative pathway, a nett reuo-cycloaddition. 

TABLE 3 Acii-induced equi&aM and raro-cyc- redom of Wrano[43bl[lJbcn~ 

a end0 b exo 

Educt x R The 01) Product Composition (%) 

3&s H 

3&e H 
38b H 

38b H 
39a Me 
4ln Me 
Sza Ph 

Et 

Et 

Et 

Et 

Et 

Bll” 
Et 

3 38a (22.8) 38b (77.2) 28 (0) 
24 38a (13.2) 38b (86.8) 28 (0) 

3 3&t (9.5) 38b (90.5) 28 (0) 

24 38n (13.4) 38b (86.6) 28 (0) 
24 =t(ll) 39b (55) 29 (33) 
24 4la (trace) 41b (exe) 29 (100) 
24 52a (-) 52b (trace) 53 (100) 

These results are consistent with a mechanism involving initial protonation of the carbonyl group, leading to an 
oxonium species which can recyclise to give either configuration at C-3 (Scheme 1). With increasing size of X, 

steric repulsion within the oxonium species inhibits the mcyckation, and the fragmentation becomes dominant 

Hydrogenation Studies. Catalytic hydrogenations of the cycloadducts 3Sa and 38b at 1 atm. pressure 
proved stemoselective but rather capricious, possibly due to variation in the activity of different batches of the 
catalyst (5% Pd-C). In the respective major products 54 and 56 them was a puns-relationship between the 
new lOa-H and the original 3-OEt substituent (Scheme 2). but tmatment of the c&fused system 54 with base 
produced an equilibrium mixture with the rrans-fused isomer 55 (in which the saturated ring can adopt a chair 
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conformation with all substituems equatorial) predominant by a ratio of 3:l. From a synthetic point of view 

these reductions were more reliable when carried out over two steps, i.e reduction to a mixture of chromanols 
(using either catalytic hydrogenation at 3 atmospheres pressure, or NaBI&) followed by oxidation with Mn&. 

0 

CkJ 3 ‘:#_ 
0 I 

i Q&f,,,_ + Q&J._ 
H Ii H 

38b 56 n 
SCHEME 2 Reagents: i. 1 atm. Hz, 5% Pd-C, EtOH, ii, 3 atm. HZ, 5% Pd-C or 
Raney Ni, BtOH. then MnOz, CHzCl2; iii, NsB&, EtOH. then h4nOz. CHzCh. 

Catalytic hydrogenation of the 1 metbylated cycloadduct 39a at the increased pressure of 10 atm induced a 
significant amount of hydrogenolysis, the mixture of isomers 58 being accompanied by a comparable amount 
of the cis-fused chroman 59 (Jl,rb = 1.7 Hz). Oxidation of the mixed chromanols 58 with IUn@ gave the 
corresponding chromanones 60 and 61(85%, 1:l). the relationship between them beiig deduced by analysis of 
their 300 MHz ‘H (including 2-D) n.m.r spectra, in which Jt,lo, values of 9.5 Hz for 60 and 2.6 Hz for 61 

indicated a diaxial arrangement of the l,lOa-hydrogens in the former but not the latter. This was confinned by 

the conversion of 61 into the more stable tranr-isomer 68 upon treatment with a catalytic amount of DBU. The 

58 59 60 61 

point in the sequence at which the la,ltk$-dihydro (l,lOa-rruns) stereochemistry of 68 is established is not 

yet known, but could be the consequence of some equilibration during the oxidation step. This and other 
aspects of the reduction sequence are currently under investigation. 

Ring-opening Reactions. As a consequence of their dual vinylogous ester and acetal nature, the 
cycloadducts can react both with nucleophilic and acidic reagents. Tteatmen t of 38a with methoxide induces 

marrangement to the ahiehyde 62 in good yield (Table 4). This transformation probably occurs via attack of 
methoxide at C-l to give 64, loss of ethoxide then giving 65 and hence 66, which cyclises either directly or 
upon (hydrolytic) work-up. The formation of 62 from 38 also a%urs under acidic conditions,9 but we found 
that an alternative pathway could be promoted by limiting the water content of the reaction medium. Thus 
aeahmntoftheadduct~withethanolicar~~hydrogenc~&gavetherespectiveacceal63por63b 
inmoderamyield. Toaccountforthis,weassumtbotthe~edduct67iseansformedbyavarieryof 
acetalisationaquilibriatointennediatesoftheform68Md69,butdratinthe~of~~concentration 
ofthehemiacetals68(R=H)and69(R’=H),theprecursorsof70andhencethealdehy&62,isminimised. 



H 

38a 

t 

62 

OR 
H 

63a R=Et 
63b R=Me 

Educt Conditions Products (isolated yields, %) 

3% N&Me, MeOH 62 (70) 

3% EtOH, H20, H&Z04 62 (49) 

3& EtOH, H20, p-TsOH 62 (25) 63a (36) 
L#a EtOH, HCl 63aV4) 
38a MeOH,HCl 63b (67) 

63a MeOH, HCI, Hz0 63b (731 

CHO CHO 
OEt 

H H 

64 65 66 M=Na k=Me 
70 M=H 

The acid-iuduced loss of the 3-s~~tituent from either a hy~x~~ylen~~~~e 68 (as aikyl formate) or 

a fully alkoxylated ~~~0~ 69 (as a trialkyl oxford) is essentially a retro-Chrisen reaction, analogous 
to those described by Deau and co-workers.” 

Treatment of the ketene acetal derivatives 48 and 71 (the latter bemg a convenient type to use due to the 
ease with which the precursor 72 can be prepared) with aqueous acid (HCl, DMF, water, 80 “C) gave modest 
yields of the respective rearranged products 73 and 74. However, &n&u treatment of 71 but without heating 
gave a high yield of the 3-(hydroxymethylene)&romanone 75, which could then be transformed into 74 by 
subjecting it to the original hot conditions. In contrast, treatment of either of the cycl~~~~ 48 or 71 with 
HQ or HzS04 in methanoI gave the ester 76 in 60-65% yield, while the alternative use of ethanol and acid 
gave the corresponding ethyl ester 77 in similar yield. The formation of the esters 76 and 77 is presumed once 

again to involve the loss of the 3-substituent as formate in a retro-Cl&en process. The two-step transformation 

of the aldebyde 28 into the ester 76 is a sundry useful method for the oven&l conjugate addition of a two- 
carbon (acetic ester enolate) unit to au activated enone, and we are currentiy refiming an enantioselective version 
of this sequence based on the use of a C!2-symmetric recyclable homochiral auxiliary.2’ 
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H OR 

48 R-Me 
71 R = CHgHflMe 

12 73 R=W 
74 R = CH2CH2OMe 

75 R = CH2CH2OMe 76 R-Me 
77 R=Et 

78 R=H R’=Et 
79 R=OMe R’=Me 

The enolic 1-hydroxyl groups of 44n and 51 reacted cleanly with diazomethane to give the corresponding 
methoxy compounds 78 and 79. More interestingly, hydrolysis and alcoholysis reactions of the acid-derived 
cycloadducts proceeded under very mild conditions, and was accompanied by decarboxylation (Table 5). Thus 
heating the cycloadduct 44a in aqueous tetrahydrofuran (THF) gave the unstable aldehyde 80 in almost 
quantitative yield, while similar treatment of the adduct 46a gave the diotie 81. The ketene acetal adduct 51 was 

particularly labile, being transformed into the ester 76 on passage through a column of silica gel. Treatment of 
44a with ethanol cleanly generated the acetal63a, while treatment with metbanol produced the mixed acetals 8% 
and 82b as a 9: 1 mixture of stereoisomers. The butoxy compound 45a behaved similarly upon methanolysis. 

TABLE 5 Rinp~pening nz.daw of cycktadduc& &rived from chmmm-3carboxylic acid 

Entry Educt R R ’ R”OH 4% Ratiot 96 

1 44a H Et Ha0 - - - 80 98 
2 46a Me Me Hz0 - - - 81 92 
3 51 OMeMe HaOg - - - 76 83 
4 44~1 H Et EtOH 63n loo - - - 
5 44a H Et M&H 82a+b 100 9:l - - 

6 45a H Bu” MeOH 83a+b 100 8:l 

7 46aMeMe MeOH 84 90 - 81 9 

t Ratio a:b as judged by *H n.mr. speclroscopy; for structures see Scheme 3 
$ The formation of 76 was induced by tiltmtim of 51 through silica gel 

The susceptibility of the acid-derived cycloadducts to hydrolysis and alcoholysis is unsurprising in view of 
their acylai character, and the degree of diastemoselectivity in the formation of 82 and 83 is consistent with the 
majority of the reaction pathway involving concerted bimolecular substitution.22 Thus attack by metbanol on a 
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cycloadduct 8J with inversion at C-3 will lead to a kketoacid 86, which is readily decarboxylated to give the 
observed product (Scheme 3). When the attacking species is water the initial product is a hemiacetal, but this 
decomposes to the corresponding aldehyde 80. 

82a R=Et 
83a R = Bu’ 

In summary, we have shown that the [4x + 2x] cycloadditions of 4-oxo-4If-1-benxopyrans bearing 

formyl, acetyl. or carboxyl substituents at C-3 to 1-alkoxyalkenes are efficient, en&-selective processes, and 
that the derived cycloadducts are capable of a range of potentially useful transformations. Further investigation 
of the properties of these cycloadducts. aud their synthetic applications, will be described in due course. 

All compounds are racemic. Melting points were determined using an Electrothermal apparatus and are 
uncorrected. Unless otherwise stated, i.r. spectra were of liquid paraffin mulls on sodium chloride plates, 
recorded on Perkin Elmer 297, 171OFT, or Pye-Unicam SP3-100 instruments. ‘H N.m.r. spectra were 
measured for solutions in deuteriochloroform unless otherwise indicated, with tetramethylsilaue as the internal 
standard, on Varian EM 360 (60 MHz), Varian CFT-20 (80 MHz), Perkin-Elmer R32 (90 MHz), Bruker 
AM250 (250 MHz), or Bruker AC300 (300 MHz) instruments. Deuteriochloroform used for equilibration 
experiments was freed of HCI by passage through a short plug of alumina (Merck, Art 1077.70-230 mesh 
ASTM). Mass spectra were recorded on a Kratos MS30 instrument with 70 eV electron impact ionisation 
unless otherwise stated. Data for most of the peaks of intensity 40% of that of the base peak are omitted. 

Starting materials and solvents were routinely purified by conventional techniques.23 Organic solutions 
were dried over anhydrous magnesium sulphate or anhydrous sodium sulphate and concentrated by rotary 
evaporation. Analytical thin layer chromatography (t.1.c.) was carried out on Carnlab Polygram SIL G/uVm 
or Kieselgel60 F254 (Art. 5719) plates. Preparative (column) chromatography was carried out using 60H 
silica gel (Merck 7736 and hand-bellows pressure, or Merck 9385 and the flash technique%). Grganolithium 
reactions were performed under an atmosphere of nitrogen dried via passage through self-indicating silica gel. 
Compositions of solvent mixtures are quoted as ratios of volume. Unless otherwise indicated, ‘petroleum’ 
refers to light petroleum, b.p. 40-60 “C. ‘Ether’ refers to diethyl ether. 

Starting Materials. - Compounds 7. l3 a,25 10,r5 13.15 24,26 28,” 29.*’ 32,6 37.% 38,’ 39,l 52a7 and 7229 
were pnpared via published procedures. 

To 3-(methoxymethoxy)phenylmethanoll3 (1.60 g, 9.52 mmol) in THF (30 ml) was added sodium hydride 
(1.2 g of a 60% dispersion on oil - washed thtee times with petroleum, 30 mmol) and iodomethane (9.09 g, 
64.0 mmol). The mixture was fitted with a guard tube and stirred for 16 h at room temperature. The solvent 
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was then removed to leave a solid residue which was cautiously treated with water (30 ml) and extracted with 
ether (3 x 30 ml). Evaporation of the ethereal extracts produced an oil which was distilled (Kugelrohr, 
102-108 ‘C, 0.22 mmHg) to afford the tirlc compound 9 (1.40 g, 81%) as a colourless oil (Founds C, 65.%, 
H, 7.87. CtuHt403 requires C, 65.91; H, 7.74%); vmax (neat) 1590 and 1021 cm-l; 6 (250 MHz) 3.40 (3 H, 
s, ArcHzOMe), 3.49 (3 H, s, OCH2OMe), 4.44 (2 H. s, ArC!&OMe). 5.19 (2 H. s, OCHzO), 6.92-7.06 
(3 H, m, 2-H, 4-H and 6-H), and 7.26 (1 H, t, J 7.0 Hz, 5-H); m/z 182 (M+, 56%). 181 (21), 151 (100). 
122 (30). and 91 (21). 

To 3-hydroxybenzyl alcohol (1.0 g, 8.06 mmol) in dichloromethane (50 ml) was added dimethoxymethane 
(6.09 g, 80.0 mmol) and p-toluenesulphonic acid (100 mg). A Soxhlet apparatus containing 4A molecular 
sieves (12 g) was fitted and the mixture was heated under reflux for 48 h, changing the sieves after 15 and 40 
h. The mixture was left to cool, treated with tiethylamine (2 ml) and washed with sodium hydroxide (1 M, 2 x 
25 ml) and water (25 ml) then concentrated to afford a brown oil. Distillation Qugelrohr, 135-140 ‘C, 0.15 
mmHg) gave the tide compound 11 (1.15 g. 67%) as a colourless oil (Found: C, 61.95; H, 7.72. CtIHt604 
requires C. 62.24, H, 7.59%); Vmax (neat) 1585 and 102Obr cm-l; 6 (250 MHz) 3.43 (3 H, s, OMe), 3.49 (3 
H. s, OMe), 4.58 (2 H, s, benzylic CH2), 4.72 (2 H. s, CH2). 5.19 (2 H, s, CH& 6.94-7.04 (3 H, m, 2-H. 
4-H and 6-H), and 7.27 (1 H. t, J7.0 Hz, 5-H); m/z 212 (M+. 7%), 152 (51). 151 (100). and 122 (30). 

Uhiation of I-merhoxy-3-(methoxymethyl)benzene 8 
To a stir& suspension of the ether 8 (0.50 g. 3.29 mmol) in hexane (25 ml), was added n-butyllithium in 
hexanes (1.5 M; 2.41 ml, 3.62 mmol) at room temperature. The mixture was then heated under reflux for 5 h 
(forming a red-brown solution), cooled to -78 ‘C, and treated with an electrophile as below and in Table 1. 

2-Methoxyd-(methoxymethyl)acetophenone 14 
A solution of lithiated 8, prepared as above, was added via cannula to a stirred solution of acetyl chloride (5.20 
g. 66.24 mmol) in hexane (20 ml) at -78 ‘C. The mixture was allowed to warm to room temperature slowly 
over 0.5 h then quenched cautiously using aqueous sodium hydrogen carbonate and extracted with ethyl acetate 
(2 x 25 ml). Concentration of the organic phase followed by chromatography (petroleum - ethyl acetate, 4: 1) 
afforded the less polar starting material 8 (55 mg, 11%) and the title compound 14 (317 mg, 50%) as a pale 
yellow oil (M+, 194.0940. CtlH1403 requires 194.0942); v max (neat) 1700, 1605, 1595, 1270. and 1100 
cm-l; 6 (60 MHz) 2.50 (3 H, s, COMe), 3.30 (3 H, s, CHzOMe), 3.75 (3 H, s. OMe), 4.35 (2 H. s. CH2). 
6.65-6.95 (2 H, m, 3-H and 5-H), and 7.20 (1 H. t, J 8.0 Hz, 4-H); m/z 194 (M+, 90%), 180 (20). 179 
(100). 163 (90), 161 (89), 149 (55). 135 (24), 131 (23), 105 (36). 103 (20), 91 (35). 77 (40). 65 (21). and 63 
(20). The anion, under the same conditions, was also trapped with acetic anhydride (1.34 g. 13.16 mmol) 
(viu dropwise addition from a syringe), and then allowed to warm to room temperature. Sodium hydroxide (2 
M, 5 ml) was added and the mixture was stirred for 0.5 h. Water (10 ml) was added then extraction using ether 
(3 x 10 ml) was performed. Combination and evaporation of the organic extracts, followed by chromatography 
as above afforded the title compound 14 (304 mg, 48%) and starting material 8 (85 mg, 17%) both identical 
with authentic samples (i.r., n.m.r., t.1.c.). 

2-Methoxy-t%(methoxymethyl)benzoic acid 15 
Carbon dioxide gas (generated from solid CO2 and dried via passage through concentrated sulphuric acid and 
then solid sodium hydrogen carbonate) was bubbled through a suspension of lithiated 8, prepared as above, at 
-78 ‘C for 15 min with vigorous stirring, while allowing the temperam to increase to room temperature. On 
addition of the carbon dioxide the red colouration instantly faded producing a white suspension. The mixture 
was then acidified using hydmchloric acid (4 M. 10 ml) and then extracted with ethyl acetate (3 x 20 ml). The 
combined organic extracts were then treated with sodium hydrogen carbonate solution (2 x 25 ml). 
Concentration of the organic phase afforded the starting material 8 (80 mg. 16%). Acidification of the aqueous 
phase using hydrochloric acid (4 M) followed by extraction using ethyl acetate (2 x 25 ml) and concentration of 
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the organic extracts afforded the tifie compound 15 (400 mg, 62%) as a yellow oil which solidified on standing 
under refrigeration (-10 'C) and formed colourless needles, m.p. 57-58 “C (petroleum - dichlorome&ne) 
(Found: C. 61.17; H, 6.23. CloH1204 requires C, 61.21; H. 6.16%); v taM (CHBrs) 3520-3100, 1731. and 
1270 Cm-‘; 8 (250 MHz) 3.43 (3 H, s, CHzOMe), 3.93 (3 H. s, OMe). 4.69 (2 H, s. CH2), 6.95 (1 H, d, .! 
7.0 Hz, 3-H). 7.14 (1 H, d, .I 7.0 HZ, 5-H), 7.42 (1 H, t, 7.0 Hz, 4-H), and 10.61 (1 H, s, OH, exchanges 
with &O); m/z 196 (M+, 20%), 178 (25). and 163 (100). 

Lithiation of I-methoxy-3-(methoxymethoqymethyl)ben.zene 10 
To the ether 10 (0.50 g, 2.74 mmol) in hexane (30 ml) at room temperature was slowly added n-butyllithium 
in hexanes (0.8 M; 6.86 ml, 5.49 mmol) with stirring. After complete addition the mixture was stir& for 5 h 
at room temperature during which time a colour change from colourless to dark red occutred. The anion was 
then cooled to -78 ‘C, and treated with an electrophile as indicated below and in Table 1. 

I-Methoxy-3-(methoxymethoxymethyi)-2-methylbenzene 18 
The lithiated 10. prepared as above, was treated at -78 “C with iodomethane (1.56 g. 10.99 mmol) in THB (5 
ml) dropwise via syringe. The mixtum was allowed to warm to mom temperature and stirred for 1 h, then 
water (20 ml) was added and the mixture was extracted using ether (2 x 20 ml). Combination and evaporation 
of the organic extracts afforded the crude products which were isolated via chromatography (petroleum - ethyl 
acetate, 4:l) to afford the less polar title compound 18 (393 mg, 73%) as a colourless oil (M+, 196.1089. 
CttHt603 requires 196.1099); vmax (FT, neat) 1589,1474,1261, 1150, and 1043 cm-t; 6 (60 MHz) 2.20 (3 
H, s, Me), 3.40 (3 H, s, CHzOMe), 3.78 (3 H, s, OMe), 4.57 (2 H, s, CH2), 4.67 (2 H, s, OCCHzO), and 
6.70-7.35 (3 H, m, aromatics); m/z 1% (M+. 18%). 136 (79). 135 (84), 134 (lOO), 121 (50), 105 (57). 104 
(40). 91(50), and 77 (24). The chromatography also gave some of the starting material 10 (50 mg, 10%). 

Treatment of lithiated 10 with acetic anhyakiak 
The lithiated 10, prepared as above, was treated at -78 ‘C with acetic anhydride (1.12 g, 10.97 mmol), and 
then allowed to warm to room temperature. Sodium hydroxide (2 M, 5 ml) was added and the mixture was 
stirred for 0.5 h. Water (10 ml) was added and the mixture was extracted with ether (3 x 10 ml). The 
combined extracts were evaporated and the residual oil was distilled (Kugelrohr, 130-140 ‘C!, 1.5 mmHg). 
The first fraction contained the starting material 10 (215 mg, 43%); a second fraction (b.p. up to 250 ‘C, 1.5 
mmHg) gave a mixture which was further purified by chromatography (hexane - ether, 4:1), giving more 
starting material 10 (50 mg, 10%) and an impure sample of the acetophenone 19 (cu. 80 mg, 138, by *H 
n.m.r. analysis using dibromomethane as an internal reference) as a pale yellow oil, b.p. 175-180 ‘C (1 
mrnHg); Vmax (CHBrs) 1695. 1267, 1587, and 1040 cm-l; 6 (60 MHz) 2.51 (3 H, s, COMe). 3.37 (3 H, s, 
CHzOMe), 3.81 (3 H, s, ArOMe). 4.52 (2 H, s, A&!&O), 4.60 (2 H, s, OCHpO), 6.75-7.10 (2 H, m. 4-H 
and 6-H), 7.15-7.40 (1 H, m, 5-H). 

Lithiation of 1 -(methoxymethoxy)-3-(methoxymethyi)benzene 9 
To a stirred suspension of the ether 9 (0.50 g, 2.74 mmol) in hexane (30 ml) at room temperature was added 
n-butyllithium in hexanes (0.8 M; 6.86 ml, 5.48 mmol). The mixture was then stirred at room temperature for 
1 h, during which time a colour change from colourless to yellow to red occurred. The anion was then cooled 
to -78 “C, and treated with an electrophile as indicated below and in Table 1. 

l-(Metho~methoxy)-3-(methox)methyl)-2-methyibenzene 16 
The lithiated 9. prepared as above, was treated at -78 “C with iodomethane (1.20 g, 8.45 mmol) via syringe, 
slowly with stirring. After complete addition the mixture was left to warm to room temperature, stirred for 15 
mins and then water (20 ml) was added. Ether (2 x 20 ml) extraction followed by concentration and 
chromatography (hexane - ether, 1: 1) afforded the title compound 16 (493 mg, 92%) as a colourless oil (M’. 
196.1079. CttHt603 K@RS 196.1100); Vmm (FT, neat) 1587, 1469, 1252, 1153, and 1062 cm-t; 6 (250 
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MHz) 2.23 (3 H, s, AMe), 3.40 (3 H, s, CH20Me). 3.49 (3 H, s, OMe), 4.46 (2 H. s, C&OMe), 5.20 (2 
H, s, OCH20). 7.02 (2 H, t, J 7.0 Hz, 4-H and 6-H), and 7.13 (1 H, t, J 7.0 Hz, 5-H); m/z 196 (M+, 
29%). 165 (loo), 164 (35), 151 (31), 135 (35), 134 (32), 121 (24). 105 (23). 92 (26). 91 (95). 79 (28), 78 
(25). 77 (47). 65 (30), 63 (26), and 51 (47). 

The lithiated 9. prepared as above, was treated at -78 “C with acetyl chloride (860 mg. 10.96 mmol), via 
syringe, slowly with stirring. After complete addition the mixture was allowed to warm to room temperature 
then carefully neutral&d using saturated sodium hydrogen carbonate solution. Water (10 ml) was added and 
the mixture was extracted using ether (3 x 10 ml). Concentration and evaporation of the organic extracts gave 
an oil which was purified by chromatography (hexane - ether, 1: 1) to give the mom polar title compound 17 
(111 mg, 18%) as a pale yellow oil, b.p. 180-185 “C (1 mmHg) (M+, 224.1056. Cr2Hr604 requires 
224.1049); Vma (CHBrs) 1694, 1583, 1460 and 1265 CIW’; 6 (250 MHZ) 2.55 (3 H, S, COMe), 3.34 (3 H, s, 
CHzOMe), 3.47 (3 H, s, OCH20Me), 4.41 (2 H, s, benzylic CH2). 5.20 (2 H, s, OCH20). 7.00 (1 H, d, J 
7.0 Hz, 4-H). 7.10 (1 H, d. J 7.0 Hz, 6-H), and 7.26 (1 H, t, J 7.0 Hz, 5-H); m/z 224 (M+, 5%), 193 (26) 
179 (lOO), 164 (22), 163 (97) 162 (34). 161 (80). 149 (21) 105 (27), 91 (23). 77 (21), 45 (91). and 43 (42). 
The chromatography also gave some of the starting material 9 (220 mg, 44%). The anion, under the same 
conditions, was also trapped with acetic anhydride (1.12 g, 10.97 mmol), and then allowed to warm to room 
temperature. Sodium hydroxide (2 M. 5 ml) was added and the mixture was stirred for 0.5 h. Water (10 ml) 
was added and the mixture was extracted with ether (3 x 10 ml). The combined extracts were evaporated, and 
the residue purified by chromatography as above, which gave the tide compound 17 (272 mg, 44%) and 
starting material 9 (269 mg, 54%) both identical (ir., n.m.r., t.1.c.) with authentic samples. 

Lithiation of 1 -(methoqmethoxy)-3-(methoxymethoxymethyi)benzene 11 
To the ether ll(0.5 g, 2.36 mmol) in hexaue (30 ml) at room temperature, was slowly added n-butyllithium in 
hexanes (1.12 M; 4.21 ml, 4.72 mmol) with stirring. The mixture was then stirred for 5 h at room temperature 
during which time a colour change from colourless to yellow to red occurred. The anion was then cooled to 
-78 “C, and treated with an electrophile as indicated below and in Table 1, 

l-(Methoxymethoxy)-3-(methoxymethoxymethyl)-2-methylbenzene 20 
The lithiated 11, prepared as above, was treated at -78 “C with iodomethane (1.34 g, 9.44 mmol) in THF (5 
ml) dropwise via syringe. The mixture was then allowed to warm to room temperature and stirred for 1 h. 
Water (20 ml) was added and the products were extracted using ether (2 x 20 ml). Combination and 
evaporation of the organic extracts gave the crude product which was isolated via chromatography (hexane - 
ethyl acetate, 4:l) to afford the title compound 20 (245 mg, 46%) as a colourless oil (ikf+, 226.1236. 
Cr2Hrs04 requires 226.1205); Vmm (FT. neat), 1588,1469,1253, 1151, and 1043 cm-l; 6 (60 MHz) 2.25 (3 
H, s, Me), 3.40 (3 H, s, OMe), 3.47 (3 H, s, OMe), 4.57 (2 H, s, CHzO), 4.68 (2 H, s, OCHzO), 5.15 (2 H, 
s, OCHzO), and 6.90-7.15 (3 H, br. s, aromatics); m/z 226 (M+, 5%), 165 (38), 164 (22), 151 (24) 86 
(28). 84 (46), 51(48), and 49 (100). The chromatography also gave the starting material 11(95 mg, 19%). 

Treatment of lithiated 11 with acetic anhydride 
The lithiated 11, prepared as above, was treated at -78 “C with acetic anhydride (962 mg, co. 0.9 ml, 9.44 
mmol) dropwise via syringe. The reaction mixture was then allowed to warm to room temperature and sodium 
hydroxide (2 M, 5 ml) was added and the mixture was stirred for a further 0.5 h. Water (15 ml) was added and 
the mixture was extracted using ether (3 x 15 ml). Combination and evaporation of the organic extracts 
afforded the crude product 21 (cu. 25% by ‘H n.m.r. analysis using dibromomethane as an internal reference); 
6 (60 MHz) of the crude product, 2.51 (s) (COMe in product), 3.36 (s). 3.39 (s), 3.45 (s), 4.55 (s), 4.60 (s), 
5.15 (s), and 6.70-7.30 (m). 
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Lithiation of 3-methoxybenzyl alcohol I2 
To 3methoxybenzyl alcohol 12 (2.0 g, 14.5 mmol) in hexane (150 ml) was added n-butyllithium in hexanes 
(1.6 M; 18.5 ml, 29.6 mmol) at room temperanne. The mixture was then heated under reflux for 5 h, cooled to 
-78 ‘C. and treated with an electrophile as indicated below and in Table 1. 

I-(2-Hydroxymethyl&nethoxyphenyl)ethanol22 
WA: The dianion of 3-methoxybenzyl alcohol 12, generated as above, was treated at -78 ‘C with 
acetaldehyde (2.55 g, 3.24 ml, 58.0 mmol). The mixture thus founed was left to warm to room temperature, 
then water (50 ml) was added and the organic material was extracted with ether (3 x 40 ml). Combination of 
the organic extracts followed by evaporation gave the crude product. Isolation, via flash chromatography 
(petroleum - ethyl acetate, 21). afforded 3methoxybenzyl alcohol I2 (540 mg, 27%) and the desired carbinol 
22 (1.45 g, 55%). which was identical (i.r., n.m.r., m.p.) to the sample obtained using method B below. 
&lb&&: To the lactol23 (400 mg, 2.41 mmol) in ether (40 ml) was added methyllithium-lithium bromide 
complex in ether (1.0 M, 5.04 ml, 5.04 mmol) dropwise at 0 ‘C. ‘Ihe mixture was then heated under nflux for 
0.5 h. left to cool and quenched by careful addition of saturated ammonium chloride solution (5 ml) and water 
(10 ml). Extraction with ether (3 x 20 ml) followed by evaporation of the organic extracts afforded the title 
compound 22 as a white solid (344 mg, 78%) m.p. 54-55 ‘C (M+, 182.0937. ClcHt403 requires 
182.0943); Vmax (FT, CDC13) 3350,2969, 1584, 1256. 1070, and 1015 cm-l; 6 (60 MHZ) 1.50 (3 H, d, J 
7.0 Hz, Me), 3.5w.10 (1 H. br. s, OH, exchanges with D20), 3.85 (3 H, s. OMe), 4.25-4.75 (2 H. m, 
CH20). 5.15 (1 H. q, J 7.0 Hz, CHMe), 6.70-7.00 (2 H, m, aromatics), and 7.00-7.30 (1 H. m, 
aromatics), other OH not seen; m/z 182 (M+, 4%). 167 (24), 149 (lOO), 91(57), and 77 (24). 

7-Methoxy-1(3H)-isobenzofiran-I -0123 
The dianion of 3-methoxybenzyl alcohol 12, generated as above, was treated at -78 ‘C with a solution of DMF 
(5 ml. 64 mmol) in THF (20 ml). The mixture was allowed to warm to room temperature, treated with water 
(50 ml) and extracted with ethyl acetate (3 x 50 ml). Combination of the organic extracts followed by 
evaporation afforded a residue which could be crystallised with difficulty (petroleum - ether). The mother 
liquors were concentrated and passed through a short plug of silica gel, eluting with petroleum - ether (1: l), to 
obtain a further crop of the lactol23 as a white solid (total 1.65 g, 69%) m.p. 105-106 “C (lit.32 99 ‘C); vmax 
3350, 1610, 1605, 1278, and 1048 cm-t; 8 (60 MHz) 3.80 (3 H, s, OMe), 4.004.30 (1 H, br, s, OH, 
exchanges with D20), 4.75-5.40 (3 H, m, CH2 and CHOH), 6.45-6.90 (2 H, m, 4-H and 6-H). and 
7.15-7.50 (1 H, m, 5-H); m/z 166 (M+, 61%), 165 (68) 149 (100) 148 (46). 121 (29). 79 (22), 78 (21). 77 
(67), 76 (21) , 65 (24). 63 (26) and 51 (48). 

Treatment of lithiuted 12 with acetyl chloride or acetic anhydride 
Treating the dianion of 3methoxybenzyl alcohol 12, generated as above, at -78 “C with acetyl chloride (11.38 
g, 10.30 ml, 0.145 mol) by cannelation of the dianion into the electrophile. followed by vigorous stirring at 0 
“C, gave after the normal work-up a major product which was identified as 3-methoxybenzyl acetate 24 by 
comparison with an authentic sample obtained by acetylation of l2.% A similar result was observed with acetic 
anhydride as the electrophile. 

l-(2-Hydroxymethyl-6-(methoxymethoxy)phenyl)ethanol25 
To 3-(methoxymethoxy)benzyl alcohol 13 (2.45 g, 14.58 mmol) in benzene (70 ml) at room temperature was 
added n-butyllithium in hexanes (1.36 M; 22.1 ml, 30.0 mmol) slowly with stirring. The mixture was then 
stirred for 1.5 h at room temperature and then cooled to -78 “C and quenched by the addition of acetaldehyde 
(2.64 g, 3.35 ml, 60 mmol) in THF (10 ml). The reaction was then left to warm to room temperature, stirred 
for 5 min, and then water (20 ml) was added. The organic material was then extracted using ether (3 x 50 ml). 
Combination and evaporation of the organic extracts’affonied the crude product. Isolation via chromatography 
(petroleum - ethyl acetate, 2:l) afforded the less polar starting material 13 (1.01 g, 41%) and the title 
compound 25 (1.20 g, 39%) as a white solid, m.p. 62-63 “C (M +, 212.1041. Ct1Ht604 requires 
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212.1048); vmax (FT. CHK12) 3369,1584,1246,1153, and 1008 cm-t; 6 (60 MHZ) 1.60 (3 H, d, J 7.0 Hz, 
Me). 3.50 (3 H, s, OMe), 3.65 (1 H, br. s. OH, exchanges with ho). 4.40-4.90 (2 H. m, CHz), 5.20 (2 H, 
s, OCH20). 5.30 (1 H, q. J 7.0 Hz, WMe), and 6.90-7.30 (3 H, m, ArH) other OH not observed; m/z 212 
(M+, 2%). 150 (83). 149 (53). 135 (41). 133 (48). 121 (100). 107 (22). 84 (20). and 77 (26). 

4-Method-3-methyl-1(3H)-isobetu@iuanone 26 
To the dio122 (300 mg, 1.65 mmol) in dichloromethane (20 ml) was added manganese. dioxide (1.44 g, 16.5 
mmol). The mixture was stirred at room temperature for 1 h. filtered, and the solvent evaporated to afford the 
title compound 26 (288 mg, 98%) as a white solid, m.p. 101-102 ‘C (M+. 178.0629. C!u$-itoOs requires 
178.0630); vrnax (FV, CDC13) 1759. 1276. 1054, and 1042 cm-l; 8 (60 MHz) 1.65 (3 H, d, J 7.0 Hz, Me), 
3.90 (3 H, s. OMe), 5.55 (1 H. q, J 7.0 Hz, 3-H). 7.tXL7.30 (1 H, m, 6-H). and 7.30-7.60 (2 H, m, 5-H 
and 7-H); m/z 178 (M+, 32%). 163 (92). 135 (100). 107 (20). and 77 (39). 

I-(2-Hyd.roq-6~(methoxymethyl)phenyl)ethanone 27 
The aatophenone 17 (800 mg, 3.57 mmol) in water (6 ml) and trifluoroacetic acid (2 ml) was skred at room 
temperature for 16 h. The reaction mixture was then quenched by cautious addition of saturated aqueous 
sodium hydrogen carbonate solution and the organic materials were extracted using ether (2 x 10 ml). The 
organic extracts were combined and concentrated to afford the crude product which was distilled (Kugehohr, 
165-170 ‘C. 1 mmHg) to afford the title compound 27 (597 mg. 93%) as a pale yellow oil (W. 180.0810. 
CtcH1203 RX@ZS 180.0797); vrnax (CHBr3) 3400-2600 (very broad OH), 1630. 1450 and 1360 cm-t; 8 
(250 MHz) 2.71 (3 H, s, COMe). 3.35 (3 H, s, OMe), 4.65 (2 H. s. CH2). 6.88 (1 H, d, J 7.5 Hz, 5-H). 
6.97 (1 H. d, J 7.5 Hz, 3-H). 7.36 (1 H, t. J 7.5 Hz, 4-H), and 11.78 (1 H. s. OH, exchanges with D20); 
m/z 188 (M+. 33%). 165 (50). 149 (100). 147 (55) 105 (20). 91 (37). 77 (24). and 43 (23). 

S-Methyl4oxo4H-I-benzopyran-3-carboxaldehyde 30 
To a stirred solution of the acetophenone 7a (750 mg, 5.0 mmol) in DMF (10 ml) was added phosphorus 
oxychloride (1.53 g, 10.0 mmol) dropwise while maintaining the temperature in the range 4045 “C. After 
complete addition the solution was stirred at 40-45 “C for 1 h and then poured on to ice (5 g) and water (20 ml) 
and stirred vigorously for 15 minutes. The precipitate thus formed was filtered under suction and washed with 
water then crystallised from hexane - ethyl acetate to afford the title compound 30 (0.54 g, 57%) as colourless 
needles, m.p. 123-124 ‘C (Found: C, 70.17; H, 4.31. Ct1Hs03~quires C, 70.20; H. 4.28%); Vmax 1695, 
1640. 1610, and 1595 cm-l; 6 (90 MHz) 2.87 (3 H. s, Me), 7.15-7.70 (3 H. m, aromatics), 8.42 (1 H, s, 2- 
H), and 10.35 (1 H, s, CHO); m/z 188 (W, IO%), 160 (lOO), 132 (29), 101 (35) and 114 (49). 

S-(Methoxymethyl)4-oxo4H-l-benzopyran-3-carboxaklehyde 31 
To a stirred solution of the acetophenone 27 (500 mg, 2.78 mmol) in DMF (8 ml) was added phosphorus 
oxychloride (853 mg. 5.56 mmol) dropwise while maintaining the temperature between 4W5 “C. After 
complete addition the solution was stirred at 4045 “C for 1 h then pouted on to ice (4 g) and water (16 ml) and 
stirted vigorously for 15 minutes. The precipitate thus formed was filtered under suction and washed with 
water, then crystallised (petroleum - ether) to afford the title compound 31 (310 mg, 51%) as colourless 
needles, m.p. 159-160 ‘C (Found: C, 65.90; H, 4.53. Cl2HloO4requires C, 66.05; H, 4.62%); vmax 
(CHBrs) 1700, 1650, and 1611 cm-l; 6 (250 MHz) 3.59 (3 H, s. OMe), 5.19 (2 H. s, CH20). 7.44 (1 H. br. 
d, J 7.5 Hz, 6-H). 7.67-7.80 (2 H, m, 7-H and 8-H), 8.49 (1 H. s, 2-H), and 10.34 (1 H, s, CHO); m/z 218 
(IV+, lo%), 203 (100). 

5-(Chbromethyl)4-oxo4H-l-benzopyran-3-carboxylic acid 33 
To the aldehyde 38 (1.10 g, 5.85 mmol) in carbon tetrachloride (50 ml) was added sulphuryl chloride (1 .O ml, 
1.68 g, 12.44 mmol) and a catalytic amount of AIBN. The mixtum was then heated under teflux for 3 h after 
which time the solvent was removed. The residue thus produced was treated with water (50 ml) and stirred for 
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30 mitts at room temperature. Filtrationafforded the rifle compound 33 (610 mg, 44 %) as a white powder 
contaminated with about 10% starting material. The material was crystallised from ethyl acetate - petsoleum, 
b.p. 80-100 “C vmax (FT, CDCl3) 3500.1750 (GO of acid), 1625 (GO), 907 and 732 cm-t; 6 (300 MHz) 
5.30 (2 H, s. CHz), 7.61 (1 H, dd, J 1.2, 8.4 Hz, 6-H), 7.68 (1 H, dd, J 1.2, 7.7 Hz, 8-H). 7.81 (1 H, 
overlapping dd, J 7.7, 8.4 Hz, 7-H). 8.95 (1 H, s, 2-H). and 13.36 (1 H, broad s, OH); m/z 240 (M+, 37C1, 
5%), 238 (M+, 35Cl, 24%) .222 (15) 220 (38). 194 (54). 192 (lOO), 164 (28), 158 (39). 157 (25). 102 (25). 
77 (20). 53 (30). and 51 (30). 
Reactions of the acid were carried out on material which was contaminated with the aldehyde 30. 

3-Buto~4,4a-m’hydro-Z-methyl-3H,IOH-pyrano[4,3-b][l]benzopyran-IO-ones 41 
To 3-acetylchromone 29 (500 mg, 2.66 mmol) was added n-butoxyethene (13 g, 0.13 mol), and the mixture 
heated under reflux for 3.5 days. Evaporation and chromatography of the residue, eluting with petroleum - 

ethyl acetate (19:1), afforded trans-3-b~ony4,4a-dihydro-Z-methyl-3H,IOH-pyrano~4,3-b][l]benzopyran- 
IO-one 41b (115 mg, 15%) as a colourless non-distillable oil (M+, 288.1351. Ct7Hfi4 requires 288.1361); 
vmax (neat) 1670, 1600, 1460 and 1380 cm-t; 6 (90 MHz) 0.95 (3 H, t, .I 7.0 Hz, Me), 1.10-1.40 (4 H, m, 2 
x CHz), 2.00-2.50 [2 H, m, 4a-H and 4p-H; the characteristic 3.0 Hz coupling (3J3,4a) is visible at 6 2.051, 
2.32 (3 H, d, J 2.0 Hz, l-Me), 3.35-4.20 (2 H, m, OCHz), 4.90-5.20 (2 H, m, 3-H and 4a-H), 6.75-7.05 
(2 H, m, 6-H and 8-H), 7.35 (1 H, overlapping ddd, J 2.0, 7.5, 8.5 Hz, 7-H), and 7.91 (1 H, dd, J 2.0, 7.7 
Hz, 9-H); m/z 288 (M+, 12%), 215 (21) 214 (43) 189 (86), 188 (39). 173 (70) 172 (21). 171 (73). 100 
(84) 93 (24), 92 (30), 85 (86), 65 (38), 63 (22), 57 (93) 56 (NO), 55 (39) 53 (21), and 45 (25). 
cis-3-Butoxy-4,4a-dihydro-l-methyl-3H,IOH-pyrano[4,3-bl[l]benzopyran-lO-one 41a (460 mg, 60%) 
was obtained from a more polar fraction, and formed colourless platelets, m.p. 77-78 ‘C (petroleum - ether) 
(Found: C, 70.94; H, 7.09. Ct7H~04requires C, 70.81; H, 6.99%); vmax 1660,1600, 1300 and 1000 cm-t; 
6 (90 MHz) 0.85 (3 H, t, J 7.0 Hz, CH@e), 1.10-1.70 (4 H, m, 2 x CH;?), 2.00-2.65 [2 H, m, 4a-H and 
4P-H; the characteristic 9.5 Hz coupling (353,4a) is visible at 6 2.051, 2.29 (3 H, d, J 2.0 Hz, l-Me), 
3.35-3.65 and 3.70-4.00 (each 1 H, m, OCHz), 4.88-5.15 (2 H, m, 4a-H and 3-H ), 6.75-7.02 (2 H, m, 6- 
H and 8-H), 7.31 (1 H, overlapping ddd, J 1.8, 7.5, 8.5 Hz, 7-H), and 7.88 (1 H, dd, J 1.8, 7.2 Hz, 9-H); 
m/z (peaks > 25%) 288 (IV+, 37%) 245 (54), 214 (57) 189 (45), and 75 (100). 

3-Et~~-4,4a-dihy~oro-9-methyl-3H,lOH-pyrano[4,3-b][l]~nzopyran-lO-ones 42 
Method A: To 5-methylchromone-3-carboxaldehyde 30 (300 mg, 1.60 mmol) in dichloromethane (6.4 ml) was 
added ethoxyethene (2.3 g, 32.94 mmol), and the solution was stirred at room temperature for 21 days. The 
solvent was removed and the residue was separated by chromatography, eluting with petroleum - ethyl acetate 
(9:1), to afford the less polar trans-3-ethoxy-4,4a-dihydro-9-methyf-3H,~OH-pyrano[4,3-b][Z]benzopyran- 
IO-one 42b (80 mg, 19%) as a non-distillable pale yellow oil (M+, 260.1055. C1sH1,@4 requires 260.1049); 

vmax (neat) 1685, 1600, 1465 and 1200 cm-l; 6 (300 MHz) 1.14 (3 H, t, J 7.0 Hz, CH&fe), 2.08, (1 H, 
ddd, J 2.9, 10.4, 13.0 Hz, 4P-H), 2.47 (1 H, ddd, J 2.1, 6.6, 13.0 Hz, 4a-H), 2.63 (3 H, s, g-Me), 
3.50-3.60 (1 H, m, OCH2), 3.74-3.84 (1 H, m, OCHz), 5.04 (1 H, ddd, J 1.3, 6.6, 10.4 Hz), 5.25 (1 H, 
apparent t, J 2.5 Hz, 3-H) 6.75-6.78 (2 H, m, 6-H and 8-H), 7.22 (1 H, apparent t, .I 7.8 Hz, 7-H), and 
7.44 (1 H, d, J 1.3 Hz, 1-H); m/z 260 (IV+, 27%) 160 (83). 135 (25), 114 (22). 77 (23) 73 (32), 72 (loo), 
and 57 (23). 
Another fraction gave the more polar cis-3-ethoxy-Q,4a-dihydro-9-methyl-JH,IOH-pyrano[4,3-b]/l]bnzo- 
pyran-lo-one 42a (240 mg, 58%) as colourless needles, m.p. 127.5-128.5 “C (ethyl acetate - petroleum, b.p. 
80-100 ‘C) (Found: C, 69.05; H, 6.19. CtsHt604~qUireS C, 69.20; H, 6.12%); vmax 1680, 1620, 1480 
and 1160 cm-l; 6 (300 MHz) 1.26 (3 H, t, .I 7.1 Hz, CHzMe), 2.23 (1 H, dt, J 10.0, 10.0, 13.0 HZ, 4p- 
H), 2.53 (1 H, ddd, .I 2.1, 6.7, 13.0 Hz, 4a-H), 2.64 (3 H, s, g-Me), 3.59-3.69 and 3.954.05 (each 1 H, 
m, OCHzMe), 5.05 (1 H, ddd, J 1.0, 6.7, 10.0 Hz, 4a-H), 5.14 (1 H, dd, J 2.1. 10.0 Hz, 3-H). 
6.77-6.81 (2 H, m, 6-H and 8-H), 7.24 (1 H, t, J 7.8 Hz, 7-H). and 7.49 (1 H, d, J 1.0 Hz, 1-H); m/z 260 
(M+, 74%), 261 (42) 231 (47), 189 (98) 188 (53). 187 (23) 185 (24). 161 (21) 160 (93), 135 (44). 132 
(42), 131 (32), 114 (42) 78 (27), 77 (43) 73 (58) 72 (lOO), 53 (24), 51 (26) 45 (24). and 44 (96). 
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&&&I& To the aldehyde 30 (280 mg, 1.49 mmol) was added ethoxyethene (2.16 g, 30.0 mmol). The 
mixture was heated at 100 ‘C in a sealed tube under a nitrogen atmosphere for 3 days. Removal of the solvent 
and chromatography (as in method A) gave the desired products 42a (210 mg. 54%) and 42b (75 mg. 19%) 
identical by i.r.., n.m.r., and t1.c. to the samples obtained via method A. 

3-Ethaxy-4,4a-dihydro-9-(methoxymethyl)-3H,lOH-pyra~[4~-b]~J]benzo~ran-JO-o~s 43 
m To the aldehyde 31(400 mg, 1.83 mmol) in dichlommethane (7.3 ml) was added etboxyethene 
(2.64 g, 36.67 mmol). and the solution stirred at room temperature for 10 days. The solvent was removed and 
the residue was crystal&d from ethyl acetate - petroleum, b.p. 60-80 ‘C, to obtain cis-3-ethoxy-4,4a- 
dihydro-9-(methoxymethyl)-3H,JOH-pyrano[4,3-b][J]benzopyran-JO-one 43a (260 mg, 49%) as 
colourless needles, m.p. 108.5-109.5 ‘C (Found: C, 66.50; H, 6.28. Ct6HtsOs requires C, 66.19; H, 
6.25%); vmax (CHBr3) 1665, 1600. and 1050 cm-r; 8 (300 MHz) 1.25 (3 H, t, J 7.0 Hz, Me), 2.23 (1 H, dt, 
J 10.0, 10.0, 13.0 Hz, 4p-H). 2.54 (1 H, ddd, J 2.0, 6.7, 13.0 Hz, 4a-H), 3.46 (3 H, s, OMe), 3.59-3.69 
and 3.9U.04 (each 1 H, m, OClf2Me). 4.87 and 4.95 (each 1 H, d. J 15.6 Hz, WzOMe), 5.06 (1 H, 
ddd, J 1.0, 6.7, 10.0 Hz, 4a-H), 5.14 (1 H, dd, I2.0, 10.0 Hz, 3-H), 6.85 (1 H, d. J 8.0 Hz, 8-H). 7.29 
(1 H, br. d. J 8.0 Hz. 6-H), 7.39 (1 H, t, J 8.0 Hz, 7-H), and 7.47 (1 H, d, J 1.0 Hz, 1-H); m/z 290 (M+, 
3%). 218 (24). 203 (55). 86 (21). 84 (38), 51 (31). and 49 (100). 
Concentration of the mother liquors from crystallisation followed by chromatography, eluting with ethyl acetate 
- petroleum (9:l). gave the less polar ~s-3-ethoxy-4,4a-dihydro-9-(methoxymethyl)-3H,JOH-pyrano~4,3- 
b][J]benzopyran-JO-one 43b (90 mg, 17%) as colourless needles, mp. 66-67 ‘C (petroleum - ether) (Found: 
C, 65.91; H, 6.06. c16H1805 requires C, 66.19; H, 6.25%); v max (Ff, CDC13) 1669.1602, and 1111 cm-l; 
8 (300 MHz) 1.16 (3 H, t, J 7.0 Hz, Me), 2.10 (1 H, ddd, J 3.0, 10.5, 13.0 Hz, 4P-H), 2.50 (1 H, ddd, / 
2.0, 6.5, 13.0 Hz, 4~H). 3.47 (3 H. s. OMe), 3.51-3.62 and 3.76-3.86 (each 1 H, m, OCHzMe), 4.88 and 
4.93 (each 1 H, d, J 15.6 Hz, CHzOMe), 5.07 (1 H, ddd, J 1.2, 6.5, 10.5 Hz, 4a-H), 5.27 (1 H, t, J 2.5 
Hz, 3-H), 6.85 (1 H, d, J 8.0 Hz, 8-H), 7.28 (1 H, d, J 7.2 Hz, 6-H), 7.35 (1 H, t, J 8.0 Hz, 7-H), and 
7.44 (1 H. d, J 1.2 Hz, 1-H); m/z (methane CI) 291 (W + 1. 49%), 259 (19), 247 (23). 220 (18). 219 
(lOO), 218 (14). and 217 (11). The chromatography also yielded a further quantity (100 mg, 19%) of 43a. 
The ratio of en&:exo isomers was thus about 4:l. 

To the aldehyde 31(660 mg, 3.03 mmol) in dichloromethane (5.4 ml) was added ethoxyethene Method B: 
(454 mg, 6.3 1 mmol). The mixture was heated at 115 ‘C in a sealed tube under a nitrogen atmosphere for 24 
h. The solvent was removed and flash chromatography of the residue, eluting with petroleum - ethyl acetate 
(9:l). afforded the exe-cycloadduct 43b (166 mg, 19%) and the more polar e&-isomer 43a (482 mg, 55%) 
in a ratio of about 1:3. These products were identical (i.r, n.m.r.. t.1.c.) to those obtained using method A. 

3-Ethoxy4,4a-dihydro-J-hydroxy-3H,JOH-pyra~[43-b][J]~nzopyran-JO-o~s 44 
To the acid 32 (1.0 g, 5.26 mmol) in dichloromethane (21 ml) was added ethoxyetbene (7.62 g, 0.106 mol), 
the mixture was stirred at room temperature for 7 days, and the solvent was then removed. The 300 MHz ‘H 
n.m.r. spectrum of the crude mixture indicated a cktrans ratio of at least 3:l [6 5.13 (1 H, dd, J 5.7, 10.8 
Hz, 4a-H) of cis-adduct, 8 5.44 (1 H, t, J 2.4 Hz, 3-H) of trans-adduct]. Crystallisation gave cis-3- 
ethory-4,4a-dihydro-J-hydroxy-3H,JOH-pyrano[4,3-b][J]benzopyran-JO-one 44a (855 mg, 62%). m.p. 
104-105 ‘C! (petroleum - ether) (Found: C, 64.39; H, 5.35. Cr4Hr405 requires C, 64.11; H, 5.38%); vmax 
(CHBr3) 1660, 1625, and 1565 cm-’ (OH not visible due to broadening); 6 (300 MHz) 1.25 (3 H, t, J 7.1 
Hz, Me), 2.28 (1 H, ddd, J 9.8, 10.8, 13.0 Hz, 4B-H), 2.63 (1 H, ddd, J 2.3, 5.7, 13.0 Hz, 4a-H). 
3.59-3.69 and 4.014.11 (each lH, m. OCH2), 5.13 (1 H, dd, J 5.7, 10.8 Hz, 4a-II), 5.28 (1 H, dd, J 2.3, 
9.8 Hz, 3-H). 6.88 (1 H, dd, J 0.7, 8.2 Hz, 6-H). 7.02 (1 H, overlapping ddd, J 0.7, 7.3, 7.8 Hz, 8-H), 
7.35 (1 H, overlapping ddd, J 1.7, 7.3, 8.2 I-Ix, 7-H), 7.65 (1 H, dd, J 1.7, 7.8 Hz, 9-H), and 12.48 (1 H, 
s, exchanges with DzO, OH); m/z 262 (W. 7%). 146 (45), 121 (31). 92 (20), and 72 (100). 
Concentration of the mother liquors from crystahisation followed by flash chromatography, eluting with 
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petroleum - ethyl acetate (91). gave an enriched sample of trans-3-ethoxy-4.4a-dihydro-Z-hydroxy- 
3H,IOH-pyruno[4.3-bllUbenzopyran-IO-one 44b (207 mg, 15%). m.p. 121-122 ‘C (M+, 262.0826. 
C14H1405 requires 262.0841); vmax (FT. CDCQ) 1660, 1626, and 1407 cm-t (OH not seen due to 
broadening); 8 (300 MHz) 1.16 (3 H, t, J 7.0 Hz, Me), 2.23 (1 H, ddd, J 2.4, 11.3, 13.0 Hz, 4B-H), 2.58 
(1 H, ddd, J 2.4, 5.8, 13.0 Hz, 40, 3.55-3.97 (2 H, m. OCHi), 5.30 (1 H, dd, J 5.8, 11.3 Hz. 4a-H), 
5.44 (1 H, t, J 2.4 Hz, 3-H), 6.87 (1 H, br. d, J 8.3 Hz, 6-H). 7.01 (1 H, overlapping dd, J 7.4, 8.0 Hz, 
8-H). 7.33 (1 H, overlapping ddd, J 1.2,7.4, 8.3 Hz, 7-H), 7.65 (1 H, dd, J 1.2, 8.0 Hz, 9-H). and 12.50 
(1 H, s, exchanges with DZO, OH); m/z 262 (Mt. 33%). 217 (23). 216 (52). 191 (52), 173 (55). 171 (40). 
146 (35). 121 (85). 120 (30). 92 (40). 77 (25), 72 (lOO), 65 (28). 63 (28). 58 (46), and 53 (24). 

3-Butoxy4,4a-dihydro-l-hydroxy-3H,IOH-pyrano/43-b][lJbenzopyran-lO-o~s 45 
To the acid 32 (2.0 g, 10.53 mmol) in dichlommethane (42 ml) was added n-butoxyethene 35 (21.0 g, 0.210 
mol). The mixture was stirred at room temperature for 9 days, then the solvent was removed. The 300 MHz 
‘H n.m.r. spectrum of the crude mixture indicated a cixrrans ratio of at least 7:l [8 5.27 (1 H. dd. J 2.3.9.9 
Hz, 3-H) of cis-adduct, 6 5.41 (1 H, f 3-H) of frans-adduct]. Crystallisation of the crude product gave the 
title contpound 45a (1.54 g, 50%) as colourless needles, mp. 95-97 ‘C! (petroleum - ether) (Found: C, 66.49; 
H. 6.18. ClfitsO5 requires C, 66.19; H, 6.25%); Vmm (FT. CDCls) 3500-3100 (very broad OH), 1659, 
1625. and 909 cm-l; 6 (300 MHz) 0.90 (3 H, t, J 7.0 Hz, Me), 1.37 (2 H, sextet, J 7.4 Hz, C.&Me), 1.60 
(2 H. m, CffzCH2Me), 2.28 (1 H, ddd. J 9.9, 10.7, 13.0 Hz, 48-H). 2.63 (1 H, ddd. J 2.3, 5.7, 13.0 Hz, 
4a-H), 3.56 (1 H, dt. J 6.7, 9.3 Hz, OCH), 4.01 (1 H, dt, J 6.7, 9.3 Hz, OCH), 5.13 (1 H, dd, J 5.7, 
10.7 Hz, 4a-H), 5.27 (1 H, dd, J 2.3, 9.9 Hz, 3-H), 6.87 (1 H, br. d, J 8.5 Hz, 6-H). 7.02 (1 H, 
overlapping ddd. J 1.1, 7.4, 7.7 Hz, 8-H), 7.30 (1 H, overlapping ddd. J 1.7. 7.7, 9.5 Hz, 7-H). 7.45 (1 
H. dd, J 1.7,7.7 Hz, 9-H). and 12.48 (1 H, s, exchanges with D20, OH); m/z 290 (M+. 3%), 173 (24). 146 
(50). 122 (23), 85 (33), 57 (57), and 56 (100). 
Concentration of the mother liquors from crystallisation, followed by flash chromatography, afforded only 3.4- 
dihydro-4-oxo-2H-1-benzopyran-2-acetaldehyde 88 (see later) and a mixture of 45a and 45b. Ratios of 
products varied with chromatography time. The total yield was greater than 90% when based on all isolated 
materials, as indicated by the n.m.r. of the crude reaction mixture. 

4,4a-Dihydro-I-hydroxy-3-methoxy-3-methyl-3H,lOH-pyra~[4~-b][l]be~opyr~-lO-o~s 46 
To the acid 32 (2.0 g, 10.53 mmol) in dichloromethane (42 ml) was added 2methoxypropene 36 (15.12 g, 
0.210 mol, stabilised with 0.5% potassium carbonate). The mixture was stirred at room temperature for 3 
days, then the solvent was removed. The 300 MHz ‘H n.m.r. spectrum of the crude mixture indicated a 
ckrrans ratio of at least 41 [6 5.08 (1 H, dd, .I 7.0, 9.0 Hz, 4a-H) of cis-adduct, 6 5.21 (1 H, dd, J 5.9, 
11.1 Hz, 4a-H) of truns-adduct]. Crystallisation of the crude product gave cis-4,4a-dihydro-Z-hydroxy-3- 
ntethoxy-3-nrethyl-3H,IOH-pyrano[4,3-b][l]benzopyran-lO-one 46a (1.9 g, 6996, two crops) as colourless 
needles, m.p. 96.5-97.5 ‘C (petroleum - ether) (Found: C, 64.51; H, 5.36. Cr4H1405 requires C, 64.11; H, 
5.38%); VW (m, CH2C12) 3430 (OH, very broad), 1652,1626, and 1399 cm-l; 6 (300 MHz) 1.49 (3 H, s, 
3-Me), 2.42 (1 H, dd, J 7.0, 13.5 Hz, 48-H), 2.46 (1 H, dd, J 8.7, 13.5 Hz, 4u-H), 3.43 (3 H, s, OMe), 
5.08 (1 H, dd, J 7.0, 8.7 Hz, 4a-H), 6.89 (1 H, dd, J 1.2, 8.2 Hz, 6-H). 7.02 (1 H, overlapping ddd, J 
1.2, 7.2, 7.9 Hz, 8-H), 7.35 (1 H, overlapping ddd, J 1.5, 7.2, 8.2 Hz, 7-H), 7.65 (1 H. dd. J 1.5, 7.9 Hz, 
9-H). and 12.46 (1 H, s, exchanges with D20, OH); m/z (peaks 2 10%) 262 (M+, 3%), 230 (ll), 191 (17) 
173 (15). 146 (41). 121 (19). 120 (14). 104 (14) 92 (17), and 72 (100). 
Concentration of the mother liquors from crystallisation, followed by flash chromatography, eluting with 
petroleum - ethyl acetate (9:1), afforded an enriched sample of trans-4,4a-dihydro-Z-hydroxy-3-mefhoxy-3- 
methyl-3H,1OH-pyrano[4,3-b][l]benzopyran-IO-one 46b (105 mg, 4%), m.p. 117-122 ‘C (h4+, 
262.0853. C14H1405 requires 262.0841); vmax (RI’, CH2C12) 3694 (OH, br.), 1660,1626, and 1226 cm-t; 6 
(300 MHz) 1.58 (3 H, s, 3-Me), 2.12 (1 H, dd. J 11.1, 12.9 Hz, 48-H), 2.59 (1 H, dd, J 5.9, 12.9 Hz, 
4a-H), 3.32 (3 H, s, OMe), 5.21 (1 H, dd, J 5.9, 11.1 Hz, 4a-H), 6.85 (1 H, br. d. J 8.3 Hz, 6-H). 6.99 
(I H, overlapping dd, J 7.6, 7.8 Hz, 8-H), 7.32 (1 H, overlapping ddd, J 1.5, 7.6, 8.3 Hz, 7-H), 7.64 (1 
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H, dd, J 1.5.7.8 Hz, 9-H). and 12.52 (1 H, s, exchanges with DzO, OH); m/z 262 (M+, 50%). 261 (75). 
231(31), 230 (79). 229 (34). 192 (22). 191(100). 185 (20). 173 (21). 73 (24). and 72 (46). 
hOthCI fraction contained a mixture of cis- and tra&&omers 4611 and 46b (total 200 mg, 7%) and 2,3- 
dihydro-2-(2-oxop~pyl)-4H-l-benzopyrarA-otte 81 (170 mg, 8%). identical by n.m.r. and t1.c. with an 
authentic sample (see later). 

9C~oromethyr-3-et~~~,4a-dihydro-l-hy~o~-3H,lOH-pyra~[4~-b][l]~~opyr~-lO-o~s 47 
To the acid 33 (150 mg, 0.63 mmol) in dichloromethane (3 ml) was added ethoxyethene (908 mg, 12.61 
mmol), and the mixture stirred at room temperature for 5 days. The 300 MHz ‘H n.m.r. spectrum of the crude 

mixture indicated a ci.Wra#s ratio of 611 [6 13.25 (1 H, s, OH of cis-adduct). 6 13.28 (1 H, s, OH of trans- 
adduct)]. Evaporation of the solvent gave the mixed products 47 (195 mg, 100%). and crystallisation gave cis- 
9-chforomethyl-3-et~xy4,4a-dihydro-I_ 47a (110 
mg, 56%) as a yellow solid, mp. 120-121 ‘C (petroleum - ether) (W, 310.0633. CtsHt&lOs requires 
310.0608); Vmm (FT, CH2C12) 35fKL3400, 1648, 1617. and 1130 cm-r; 6 (300 MHz) 1.26 (3 H, t, J 7.0 
Hz, Me), 2.26 (1 H, ddd, J 9.5, 10.2, 13.2 Hz, 4b-H), 2.64 (1 H. ddd. J 2.2, 6.1, 13.2 HZ, 4u-H), 
3.61-3.71 and 4.01-4.12 (each 1 H, m, CC&Me). 4.72 (1 H, d, J 11.7 Hz, CHCl), 5.01 (1 H. dd, J 6.1. 
10.2 Hz, 4a-H), 5.28 (1 H, dd, J 2.2, 9.5 Hz, 3-H), 5.29 (1 H, d. J 11.7 Hz, CHCl), 6.91 (1 H, br. d, J 
8.2 Hz, 6-H). 7.10 (1 H, br. d, J 7.5 Hz, 8-H). 7.33 (1 H, br. t, J 7.9 Hz, 7-H). and 13.26 (1 H, s. OH); 
m/z 312 (M+, 37C1. 1%). 310 (M+. 35C1. 3%) 264 (lo), 229 (11) 228 (la), 221 (11). 219 (la), 203 (24), 
192 (12) 172 (33). 158 (lo), 115 (18), 105 (15), 102 (16). 77 (19), and 71 (100). The truns-isomer 47b 
was not isolated in a pure form. 

4,4a-Dihydro-3~-dimerhoxy-3H,lOH-pyrono/ 48 
To the aldehyde 28 (1.0 g, 5.75 mmol) in dichlorometbane (23 ml) was added l.l-dimethoxyetbene 37 (761 
mg. 8.65 mmol). The solution was stirred at room temperature for 20 minutes, then the solvent was removed 
to afford the title compound48 (1.51 g, 100%) as a pale yellow non-distillable oil (Found: C, 63.55; H, 5.53. 
Ct4Ht405 requires C, 64.11; H, 5.38%); (M+. 262.0853. Ct4Ht405 requires 262.0841); vmax (FT. neat) 
1676, 1615, 1464 and 1222 cm-l; 6 (300 MHz) 2.22 (1 H, dd, J 10.5, 12.6 Hz, 4P-H), 2.62 (1 H, dd, J 
6.7, 12.6 Hz, 4~H), 3.27 (3 H, s, OMe), 3.41 (3 H. s, OMe), 5.09 (1 H. ddd, J 1.6, 6.7, 10.5 Hz, 4a-H), 
6.88 (1 H, dd, J 0.8, 8.6 Hz, 6-H), 6.99 (1 H. overlapping ddd, J 0.8, 7.4, 7.8 Hz, 8-H), 7.39 (1 H, 
overlapping ddd, J 1.7, 7.4, 8.6 Hz, 7-H), 7.46 (1 H. d, J 1.6 Hz, 1-H). and 7.89 (1 H, dd, J 1.7. 7.8 Hz, 
9-H); m/z (methane CI) 263 (W + 1, 12%) 231 (24). 223 (26). 175 (100). 89 (93), and 88 (27). 

4,4a-Dihydro-3~-dimethoxy-l-methyl-3H,lOH-pyrano[4,3-b][l]benzopyran-lO-o~ 49 
To 3-acetylchromone 29 (1.0 g, 5.32 mmol) in dichloromethane (21 ml) was added 37 (704 mg, 8.00 mmol). 
The solution was then stirred at room temperature for 5 h, the solvent was removed and the residue was 
crystallised to afford the title compound 49 (1.47 g, 100%) as white crystals, m.p. 75-76 ‘C (petroleum - 
ether) (Found: C, 65.15; H, 5.91. C15Ht& requires C, 65.20; H, 5.84%); vmax (FT. CH2C12) 1671. 1608, 
and 1311 cm-l; 6 (300 MHz) 2.27 (1 H. dd, J 9.8, 13.1 Hz, 4P-H), 2.40 (3 H, d, J 1.9 Hz, l-Me), 2.63 (1 
H, dd, J7.0, 13.1 Hz, 4a-H), 3.28 (3 H, s, OMe), 3.41 (3 H. s, OMe). 5.02-5.08 (1 H, m, 4a-H), 6.88 (1 
H, br. d, J 7.8 Hz, 6-H). 7.00 (1 H. overlapping ddd, J 1.1. 7.8, 8.4 Hz, 8-H). 7.39 (1 H. overlapping 
ddd, J 1.7, 7.8, 8.6 Hz, 7-H). and 7.92 (1 H, dd. J 1.7, 7.8 Hz, 9-H); m/z (methane CI) 277 (M+ + 1, 
9%), 245 (42). 189 (100). 89 (46). and 88 (26). 

4,4a-Dihydro-33-dimethary-9-~thyl-3H,lOH-pyr~[4,3-b][~]~~opyran-lO-o~ SO 
To the aldehyde 30 (500 mg, 2.66 mmol) in dichloromethane (10 ml) was added 37 (352 mg, 4.00 mmol). 
The solution was stirred at room temperature for 2.5 h, then the solvent was removed to afford the title 
compound 50 (726 mg, 99%) as a pale yellow non-distillable oil (M+. 276.0985. Ct5Ht& requires 
276.0997); vrnax (FT. CDC13) 1673 (GO), 1604 (C-9, 1044 (C-O). and 910 cm-t; 6 (300 MHz) 2.18 (1 H, 
dd, J 10.4, 12.6 Hz, 4&H). 2.60 (1 H, dd, J 6.8, 12.6. 4a-H), 2.63 (3 H. s, 9-Me), 3.27 (3 H, s. OMe), 



11772 S. J. Courrs and T. W. WALLACX 

3.41 (3 H. s. OMe), 5.F (1 H, ddd, J 1.5, 6.8, 10.4 Hz, 4a-I-I), 6.77 (2 H, apparent t, J 7.9 HZ, 6-H and 
8-H), 7.23 (1 H, apparent t, J 7.9 Hz, 7-H), and 7.42 (1 H, d, J 1.5 HZ, l-H); m/z 276 (M+, 6%), 261 
(15), 246 (l4), 245 03). 213 (22), 203 (24), 190 (24), 189 (86). 188 (20), 187 (21). 185 (27). 174 173 (15). 
(12), 172 (22). 161 (33). 160 (82) 145 (11). 135 (44), 134 (16). 132 (39). 131 (44). 115 (21), 114 (48). 106 
(16), 105 (23). 103 (13). 91 (11). 90 (2O), 89 (%). 88 (100). 85 (16) 83 (23). 79 (ll), 78 (23), 77 (29). 63 
(13), 59 (lo), 58 (55). 53 (13), and 51 (16). 

4,4a-Dihydro-l-hydroxy-3,3~~t~~-3H,~OH-pyrano[4~-b~~l]~~opyr~-lO-o~ 51 
To a stirred solution of 4-0x0-4H-l-benzopyran-3carboxylic acid 32 (2.0 g. 10.53 mmol) in dichloromethane 
(42 ml) at room temperature was added 37 (1.36 g, 15.45 mmol). The resulting exothermic reaction was 
complete within 15 minutes. Isolation by evaporation and crystallisation gave the title compound 51(2.78 g, 
95%) as a pinkish powder, mp. 92-94 ‘C (petroleum - ether) (Found: C. 60.95; H, 4.90. Ct4Ht406 requires 
C, 60.43; H, 5.07%); vmx (FT. CDcl3) 3200-W (OH), 1736 (C=O of decomposition product), 1661, 
1626, 1564, 1400, 1292, 1050.911.763. and 735 cm-l; 6 (300 MHz) 2.33 (1 H. dd, J 10.9, 12.7 Hz, 4& 
H). 2.70 (1 H, dd. J 6.0, 12.7 Hz. 4u-H), 3.35 (3 H, s, OMe), 3.47 (3 H, s, OMe), 5.11 (1 H, dd. J 6.0, 
10.9 Hz, 4a-H), 6.88 (1 H, d, J 8.3 Hz, 6-H), 7.03 (1 H, t, J 7.7 Hz, 8-H), 7.36 (1 H, ddd. J 1.5. 7.7, 
8.3 Hz, 7-H). 7.67 (I H, dd. J 1.5,7.7 Hz, 9-H), and 12.35 (1 H, s, exchanges with D20, OH); m/z (peaks 
> 10%) 278 (M+, O.l%), 221 (12). 219 (10). 192 (13) 191 (100). 174 (lo), 173 (79). 147 (13). 89 (73). 80 
(12), 59 (27), and 57 (29). 

Equilibmtion Experiments (cf. Table 3) 
Solutions of 38a and 38b (0.10 g, 0.4 mmol) were treated with 5% trifluoroacetic acid in Method 1:33 

chloroform (10 ml) at 2Oi3 “C. Four samples (1 ml) of each were withdrawn at the periods indicated below, 
filtered through a short plug of anhydrous sodium carbonate and magnesium sulphate. and then analysed using 
the h.p.1.c. conditions previously described.’ 

Time 01) 3ga (%) 38b (%) 3ga (%) LQ?h (%) 
0 100 0 0 100 
3 22.8Sl.5 77.2Sl.5 9.5i0.2 90.5M.2 

24 13.2fo.3 86.8fo.3 13.4fo.3 86.6i0.3 
48 12.9fo.3 87.1M.3 13.0S-l.3 87.OSl.3 
72 13.3ti.3 86.7Sl.3 12.6~kO.3 87.4S3.3 

Method 2: To the pyranobenzopyran 39a. 41a, or 52a (200 mg. ca. 0.8 mmol) in dichloromethane (25 ml) 
was added uifluoroacetic acid (1.2 ml). The solution was then stirred for 24 h at room temperature, carefully 
neutralised using saturated aqueous sodium hydrogen carbonate, and the organic phase isolated. Evaporation 
followed by chromatography, eluting with petroleum - ethyl acetate (9: l), gave the products described in Table 
3. All were identical (i.r.. n.m.r., t.1.c.) to previously prepared samples. 

Hyakogenation of 4,4a-Dihydro-3H,IOH-pyrano[4,3-b][l]benzopyran-lO-ones 
&J&M 4: To the pyranobenzopyran (1 mmol) in ethanol (25 ml) was added 5% Pd-C (ca. 10 mg). The 
suspension was then shaken under 1 atm. Hz at room temperature until the starting material was no longer 
detectable by t1.c. The catalyst was then filtered off and the filtrate concentrated to obtain the mixture of 
isomeric ketones. 
&RR&& To the pyranobenzopyran (4 mmol) in ethanol (100 ml) was added either 5% W-C or freshly 
prepared Raney nickel” (ca. 25 mg), and the suspension then shaken under 3 atm. H2 (Cooke hydrogenator) 
at room tempemtum until the starting material was no longer detectable by t.1.c. The catalyst was then filtered 
off and the filtrate concentrated to obtain a mixture of isomeric alcohols, which was dissolved in 
dichlorometbane (50 ml) and stirred with manganese dioxide (3.5 g, 40 mmol) at room temperature for 4 h. 
Filtration followed by evaporation of the filtrate gave the mixture of isomeric ketones. 
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Re&ction qfthe CycloaMuct 39a 
TO tbc pyzanobcnzapyran 39a (1.0 g, 3.85 mmol) in ethanol (100 ml) was added a catalytic amount of 5% W- 
C. ?he mixture was placed in a Cooke low pressme hydrogenator under 10 atmospheres of hydrogen and 
rocked at room temperatum for 5 h. Filtration followed by evaporation of the solvent afforded the crude 

product. Chromatography eluding with petroleum - ethyl acetate (91) afforded the less polar 3/3-ethoxy- 
Z,4,4aa,I0aa-tetrahydro-Z~-methyl-3H,lOH-pyrano[4,3-bl[Zl~nzopyran 59 (468 mg, 49%) as a pale 
yellow oil, (M+, 248.1388. C15Hd3 requires 248.1412); v ,,,a~ (FT. CDCI,) 2980,1611,1584,1243, and 
1046 cm-l; 6 (300 MHz) 1.20 (3 H, t, J 7.0 Hz, CHzMe), 1.28 (3 H, d, J 6.5 Hz, l-Me). 1.65 (1 H. 
overlapping ddd, J 9.8, 12.4, 12.4 Hz, 4B-H), 1.91-1.98 (1 H, m, 4a-H), 2.02-2.09 (1 H, m. lOa-H), 
2.57 (1 H, dd, J 6.1, 16.8 HZ, lOtt-H). 2.93 (1 H, dd, J 12.1, 16.8 Hz, lop-H), 3.45-3.55 (1 H, m, 
OCHi). 3.66 (1 H, dd. J 1.7. 6.5 Hz, 1-H). 3.87-3.97 (1 H, m. OCH2). 4.33-4.39 (1 H. m, 4a-H). 4.43 (1 
H, dd, J 2.2, 9.8 Hz, 3-H), 6.76-6.83 (2 H. m. 6-H and 8-H). and 7.01-7.07 (2 H. m, 7-H and 9-H); m/z 
(methane CI) 249 (M+ + 1,296). 203 (lOO), 202 (24), and 159 (20). 
The chmmatography also gave a mizture of the isomeric alcohols Ss (490 mg, 48%). of which a portion (120 
mg, 0.45 mmol) in dichloromethane (5 ml) was stirred with manganese dioxide (1% mg, 2.25 mmol) at room 
temperature for 48 h. Filtration followed by evaporation of the solvent afforded two products which were 
isolated by chromatography, eluting with petroleum - ethyl acetate (9: 1). which gave the less polar Jpethoq- 
Z,4.4aa,ZOa&tetrahydro-Z~~thyl-3H,ZOH-pyrano[4~-bl[ZJbenzopyran-ZO-one 60 (54 mg, 45%) as a 
white powder, m.p. 102-103 l C (M+, 262.1194. CtsHts04 requires 262.1205); vmax (Fl’) 1682, 1605, 
1464, 1154. and 1072 cm-l; 6 (300 MHz) 1.23 (3 H, t. J 7.0 Hz, CH$fe). 1.60 (3 H, d, J 6.0 Hz, l-Me), 
1.96 (1 H, overlapping ddd, J 9.8, 11.8, 12.0 Hz, 4p-H), 2.39 (1 H, ddd, J 1.9, 5.0, 12.0 Ha, 4a-H). 
2.47 (1 H, dd. J 9.5, 13.0 Hz. lOa-H), 3.48-3.58 (1 H, m, OC!H& 3.68 (1 H. dq, J 6.0. 9.5 Hz, 1-H). 
3.91-4.01 (1 H. m. OCHp), 4.33 (1 H, ddd, J 5.0, 11.8. 13.0 Hz, 4a-H), 4.46 (1 H, dd, J 1.9, 9.8 HZ, 3- 
H), 6.93 (1 H. br.d, J 8.3 Hz, 6-H), 6.% (1 H. overlapping ddd, J 0.9, 7.9, 8.3 Hz, 8-H). 7.43 (1 H. 
overlapping ddd, J 1.7. 7.5, 8.5 Hz, 7-H). and 7.77 (1 H, dd. J 1.7, 7.9 Hz, 9-H); m/z 262 (M+. 16%). 
189 (30). 188 (21) 173 (78). 147 (42), 121 (91). 120 (100). 92 (44). 72 (26). 68 (27). and 65 (22). 
The 3~ethoxy-Z,4.4aa,ZOaa-terrohydro-Z~methyl-3H,ZOH-pyrano[4,3-b][Z]benzopyran-ZO-one 61 (48 
mg. 40%) was isolated as a white powder, mp. 108-109 ‘C (M+, 262.1174. Ct5Hts04 requires 262.1205); 
Vmax (FT) 1686, 1606, 1583, 1463, 1219, 1067 and 1049 cm-l; 6 (300 MHZ), 1.14 (3 H, t, J 7.0 HZ, 
CHNe), 1.72 (3 H, d, J 6.8 Hz, l-Me), 1.92 (1 H, ddd J 8.5, 11.5. 13.0 Hz, 4B-H), 2.00-2.06 (1 H, 
m, ddd with a W-coupling, 4a-H), 2.88-2.91 (1 H. m, dd with a W-coupling, lOa-H), 3.42-3.52 (1 H, m, 
OCH2), 3.59 (1 H, dq, J 2.6, 6.8 Hz, 1-H). 3.86-3.96 (1 H, m, OCH2) 4.52 (1 H, dd, J 2.8, 8.5 HZ, 3- 
H), 46811.75 (1 H, m, 4a-H), 6.88 (1 H. br. d, J 8.5 Hz, 6-H). 6.94 (1 H, dt. J 0.9, 8.0, 8.0 Hz, 8-H). 
7.48 (1 H, ddd, J 1.7, 8.0, 8.5 Hz, 7-H), and 7.81 (1 H, dd. J 1.7. 8.0 Hz, 9-H); m/z 262 (M+, 7%), 173 
(40), 147 (50). 121 (100). 120 (97). 92 (40). 72 (99), and 65 (20). 
Treatment of 68 or 61(5 mg) with a catalytic amount of DBU in acid&e CDCl3 produced a solution in which 
only the rranS-isomer 68 was *le. 

(E)-3-(4-0xo4H-Z-henwpyran-3-yl)prqpenal62 
Method: A mixture of the pyranobenzopyran 3&t (120 mg. 0.5 mmol) and sodium methoxide (27 mg, 0.5 
mmol) in methanol (10 ml) was heated under reflux for 3 h. The cooled mixture was then pouted into ice-water 

(50 ml) and acidified with 10% aqueous HCl(l0 ml). The resulting precipitate was collected on a filter, 

washed with water, and dried by suction. The crude product (68 mg. 70%) was crystaJlised (ether - 
dichloromethane) to give the title compound 62 (51 mg. 52%). mp. 151-152 ‘C (lit9 150 ‘CL!); vma (CHCl3) 
1685, 1655, 1610 cm-t; 8 (60 MHz) 7.3-7.9 (5 H, m, 2-H. 3-H, 6-H. 7’-H. and 8-H). 8.30 (1 H, s, 2-H). 
8.37 (1 H. dd, J 2.0, 8.0 Hz, 5-H). and 9.73 (1 H, m. 1-H). 
Method: To the pyranobenzopyran 38a (246 mg, 1.0 mmol) in ethanol (9 ml) and water (1 ml) was added 
cont. sulphuric acid (1 ml), and the solution heated under reflux for 16 h. The solution was then reduced to 
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cu. one-half of the original volume by rotary evaporation, diluted with water (10 ml), and cooled. The 
resulting precipitate was collected on a filter, washed well with water, dried by suction, and crystallkd (ether - 
dichloromethane) to afford the aldehyde 62 (98 mg, 49%), with m.p., i.r. and n.m.r. spectra identical with 
those of the sample prepared by method A. 

2-(2,2-Diethoxyethyl)-2,3-dihy&o4H-I-benzopyran-4-one 63a 
wd A: To the pyranobenzopyran 38a (1.0 g, 4.07 mmol) in ethanol (100 ml) was added p- 
toluenesulphonic acid (9.12 g, 48 mmol) and water (2 ml). l’ke mixture was then heated under reflux for 48 h 
cooled and quenched with saturated aqueous sodium bicarbonate solution. The organic material was extracted 
with ether (3 x 50 ml) and the ethereal extracts combined and concentrated. Chromatography of the residue, 
eluting with petroleum - ethyl acetate (4~1). gave the aldehyde 62 (206 mg, 25%) and the acetal63a (388 mg, 
36%). Both samples were identical (i.r., n.m.r., t.1.c.) to materials prepared by the alternative methods 
described. 

To the pyranobenzopyran 38a (1.0 g, 4.07 mmol) was added ethanolic hydrogen chloride (prepared Method B: 
from 50 ml of ethanol and 2.5 ml of acetyl chloride). The yellow solution was then fitted with a guard tube and 
heated to between 55-60 ‘C for 16 h. The reaction was then left to cool and quenched cautiously using 
saturated aqueous sodium hydrogen carbonate solution. Extraction with ether (3 x 25 ml) followed by 
concentration and chromatography, eluting with petroleum - ether (4: 1). gave the acetal63a (448 mg, 44%), 
identical (i.r., n.m.r., t.1.c.) to the sample prepared by method C. 
Methu: To the pyranobenzopyran 44a (250 mg, 0.95 mmol) was added absolute ethanol (10 ml). The 
mixture was then fitted with a guard tube and heated under xeflux for 16 h, cooled and the solvent removed to 
afford the title compound 63a (252 mg, 100%) as a pale yellow non-distillable oil (Found: C, 68.33; H, 7.79. 
C15H2oO4 E&II% C, 68.16; H, 7.63%); Vmax (neat) 1690, 1605 and 1580 cm-l; 6 (300 MHz) 1.15 (3 H, t, 
J 7.0 Hz, Me), 1.18 (3 H, t, J 6.8 Hz, Me), 1.95 (1 H, ddd, J 4.4, 7.4, 14.3 Hz, l’-H), 2.16 (1 H, ddd, J 
4.0, 8.4, 14.3 Hz, l’-H), 2.681 (1 H, d, J 7.4 Hz, 3-H), 2.682 (1 H, d, J 8.3 Hz, 3-H), 3.45-3.72 (4 H, 
m, 2 x OCHz), 4.58 (1 H. overlapping dddd, J 4.4, 7.4, 8.3, 8.4 Hz, 2-H), 4.80 (1 H, dd, J $0, 7.4 Hz, 
2’-H), 6.92 (1 H, dd, J 1.2, 8.6 Hz, 8-H). 6.96 (1 H, overlapping ddd, J 1.2, 7.2, 8.0 Hz, 6-H). 7.42 (1 
H, overlapping ddd, J 1.7, 7.2, 8.6 Hz, 7-H), and 7.83 (1 H, dd, J 1.7, 8.0 Hz, 5-H); m/z 264 (W, 9%). 
218 (25). 172 (37), 147 (lOO), 131 (98), 103 (43), 75 (98). 73 (29), 65 (20), 51 (30), and 49 (83). 

2-(2~-Dimethonyethyl)-2~-dihydro-4H-l-benzopyran-4-one 63b 
To the pyranobenzopyran 38a (1 .O g, 4.07 mmol) was added 3% hydrogen chloride in methanol Method A: 

(50 ml)?5 The resulting yellow solution was fitted with a guard tube and heated under reflux for 16 h. The 
reaction was then left to cool, quenched cautiously using saturated aqueous sodium hydrogen carbonate 
solution, and extracted with ether (2 x 30 ml). Combination and evaporation of the organic extracts gave an oil 
which was purified by chromatography, eluting with petroleum - ethyl acetate (4: 1). giving the tide compound 
63b (650 mg, 67%) as a non-distillable pale yellow oil (M’, 236.1065. C13H&4 requires 236.1048); vmax 
(CHBr3) 1685, 1601, 1469 and 1460 cm-l; 6 (250 MHz) 2.00 (1 H, ddd, J 4.5, 7.0, 14.0 Hz, l’-H), 2.19 (1 
H, ddd, J 4.0, 8.0, 14.0 Hz, l’-H), 2.75 (2 H, d, J 8.0 Hz, 3-H), 3.37 (3 H, s, OMe), 3.39 (3 H, s, OMe), 
4.63 (1 H, overlapping ddd, J 4.5, 8.0, 8.0 Hz, 2-H), 4.74 (1 H, dd, J 4.0, 7.0 Hz, 2’-H). 6.90-7.05 (2 H, 
m, 6-H and 8-H), 7.48 (1 H, dt, J 2.0, 8.0, 8.0 Hz, 7-H), and 7.89 (1 H, dd, J 2.0, 8.0 Hz, 5-H); m/z 237 
(W + 1, lo%), 147 (42), 131 (59), 75 (lOO), and 47 (32). 

To the acetal63a (70 mg, 0.27 mmol) in methanol (3 ml) was added hydrochloric acid (4 M, one Method B: 
drop). The solution was then fitted with a guard tube and heated under reflux for 16 h, cooled, quenched with 
aqueous saturated sodium hydrogen carbonate, and extracted with ether (2 x 5 ml). Evaporation of the organic 
extracts gave the title compound 63b (46 mg, 73%) as a pale yellow oil identical to the authentic sample (i.r., 
n.m.r., t.1.c.). 

(E)-Methyl3-(4-oxo4H-1 -benzopyran-3-yl)propenoate 73 
To the pyranobenzopyran 48 (500 mg, 1.91 mmol) in DMF (25 ml) was added water (8 ml) and cont. HCl(l0 
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drops). The solution was heated to 80 ‘C for 16 h, then allowed to cool and pouted on to ice (10 g) and water 
(25 ml). The resulting precipitate was collected on a filter, washed well with water and crystal&d (petroleum 
- dichloromethane) to afford the rifle compound 73 (198 mg, 45%) as colourless needles, m.p. 146.5-147.5 
“C! (Found: C, 67.77; H, 4.38. C13Hlo04requires C, 67.82; H, 4.38%); vmax 1720, 1640, 1610, and 1230 
cm-l; 6 (60 MHz) 3.76 (3 H, s, OMe). 7.20-7.75 (5 H, m, 2-H, 3-H, 6’-H, 7’-H, and 8’-H), 8.15 (1 H, s, 
2-I-Q and 8.30 (1 H, dd, J 2.0, 8.0 Hz, S-H); m/z 230 (M+, 7%) 171 (100). 

2-Methoxyethyl3,4-dihydro-4-oxo-2H-l-benzopyran-2-acetate 74 
Method A solution of 71 @repatc~I~~ in the usual way from the aldehyde 28 and the ketene acetal72) (0.23 
g. 0.66 mm09 in DMF (3 ml) and water (1 ml) containing 5 drops of cont. HCl was stirred at 80 ‘C for 20 h. 
The cooled solution was poured into ice-water (50 ml) and allowed to stand overnight. The resulting precipitate 
was collected, washed with water, and dried by suction. Recrystallisation from dichloromethane - petroleum 
gave the title compound 74 (73 mg, 41%) as colourless needles, m.p. 102-103 “C (Found: C, 65.47; H, 
5.23. C15H1405 requires C, 65.69; H, 5.14%); vmax 1700, 1640 and 1610 cm-l; 6 (60 MHz) 3.42 (3 H. s, 
OMe), 3.65 and 4.34 (each 2 H, m. OCH2CH20), 7.30-7.90 (5 H, m, 2-H, 3-H. 6-H, 7’-H, 8’-H), 8.10 (1 
H, s, 2-H), and 8.25 (1 H, dd, J 2,8 Hz, 5’-H); m/z 274 &I+, 3.5%). 199 (28) and 171 (100). 
Method: A solution of 75 (0.15 g, 0.52 mmol) in DMF (3 ml) and water (1 ml) containing 5 drops of cont. 
HCl was stirred at 80 ‘C for 20 h. Isolation as before gave the title compound 74 (30 mg, 21%). 

2-Methoqethyl3,4-a?hydro-3-(hydroxymethylene)4-oxo-2H-l -benzopyran-2-acetate 75 
A solution of 71 (0.175 g, 0.5 mmol) in DMF (4.5 ml) and water (0.5 ml) containing 5 drops of cont. HCl 
was stirred at 20 “C for 20 h. The solution was poumd into water (50 ml) and extracted with ether - petmleum 
(1: 1; 3 x 30 ml). The combined extracts were washed with water and brine, dried and evaporated. Distillation 
of the crude product (0.134 g) under reduced pressure gave the title compound 75 (0.12 g, 82%) as a yellow 
oil, b.p. 160-165 “C (0.13 mmHg) (M+, 292.0959; C15Hi606 requires 292.0947); Vmax (neat) 3200. 1740, 
1650. and 1620 cm-l; 6 (60 MHz) 2.85 (1 H, d, J 7 Hz, 2-H). 2.90 (1 H, d, J 7 Hz, 2-H), 3.40 (3 H, s, 
OMe), 3.56 and 4.24 (each 2 H, m, OCH2CH20), 5.45 (1 H, t, J 7 Hz, 2-H), 6.70-7.55 (3 H, m, 6’-H, 7’- 
H, 8’-H), 7.80 (1 H, dd, J 2, 8 Hz, 5’-H), and 8.00 (1 H, s, =CZfOH); m/z 292 (M+, 1%). 199 (22), 175 
(22). and 171 (100). 

Methyl 3Pdihydro-4-oxo-2H-1 -benzopyran-2-acetate 76 
&.&&._A: To the pyranobenzopyran 71(700 mg, 2.0 mmol) in absolute methanol (18 ml) and water (2 ml) 
was added concentrated sulphuric acid (2 ml). The solution was then heated under reflux for 16 h, cooled, and 
evaporated to one-half of the original volume to remove the ethanol. Water (20 ml) was added and the resulting 
oil was extracted using ether (3 x 20 ml). The combined organic extracts were dried and evaporated, and flash 
chromatography of the residue, eluting with petroleum - ethyl acetate (2: l), afforded the title compound 76 
(270 mg, 61%) as a pale yellow oil (Found: C, 65.78, H, 5.69. Cl2H12O4 requires C, 65.44, H, 5.49%. 
M+, 220.0730. C12Hl2O4 requires 220.0735); v max (neat) 1740, 1690, 1610, and 1210 cm-l; 6 (300 MHz) 
2.72 (1 H, dd, J 5.5, 15.9 Hz, 2-H), 2.768 (1 H, d, J 8.7 Hz, 3-H), 2.771 (1 H, d, J 7.1 Hz, 3-H), 2.86 
(1 H, dd, J 7.3, 15.9 Hz, 2-H). 3.73 (3 H, s, OMe), 4.90 (1 H, m, 2-H), 6.95 (1 H, dd, J 1.0, 8.5 Hz, 8’- 
II), 7.01 (1 H, ddd, J 1.0, 7.2, 7.9 Hz, 6-H) 7.46 (1 H, ddd, J 1.7, 7.2, 8.5 Hz. 7’-H), and 7.86 (1 H, 
dd, J 1.7,7.9 Hz, 5’-H); m/z 220 (M+, 33%) 147 (loo), 121 (33), 120 (94), and 92 (51). 
&h&I& The hydroxy compound 51 (215 mg. 0.77 mmol) was passed through a short plug of silica gel 
eluting with dichloromethane to afford the ester 76 (141 mg, 83%), identical to the authentic sample (n.m.r. 
and t.1.c.). A similar result was observed when the adduct 51 was heated in THF - water (14: 1). as described 
for the preparation of 81. 
MC: To the pyranobenzopyran 48 (524 mg, 2.0 mmol) was added 3% methanolic hydrogen chloride (50 
m1).35 The mixture was heated under reflux for 16 h and the resulting solution was cooled and quenched 
cautiously with saturated aqueous sodium hydrogen carbonate solution. Ether extraction (3 x 20 ml) followed 
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by concentration and chromatography (see Method A) afforded the title compound 76 (277 mg. 63%) identical 
(i.r., n.m.r., t.1.c.) to the samples prepared previously. 

Ethyl 3,4-dihydro-4oxo-2H-I-benzopyrand-acetate 77 
To the pyranobenzopyran 48 (524 mg, 2.0 mmol) in absolute ethanol (9 ml) and water (1 ml) was Method 4: 

added concentrated sulphuric acid (1 ml). The solution was then heated under reflux for 16 h, cooled, and 
evaporated to one-half of the original volume to remove the ethanol. Water (10 ml) was added and the resulting 
oil was extracted with ether (3 x 20 ml). The combined organic extracts were dried and evaporated, and flash 
chromatography of the residue, eluting with petroleum - ethyl acetate (4: 1). gave the tide compound 77 (253 
mg. 54%) as a pale yellow waxy solid (M+, 234.0891. Ct3Ht404 requires 234.0892); vmax (neat) 1737, 
1695, 1605. 1460 and 1305 cm-r; 6 (300 MHz) 1.27 (3 H. t, J 7.0 Hz, Me), 2.70 (1 H, dd, J 5.6, 15.8 Hz, 
2-H), 2.763 (1 H, d, J 8.7 Hz, 3’-H), 2.766 (1 H, d, J 6.9 Hz, 3’-H), 2.90 (1 H, dd, J 7.3, 15.8 Hz, 2- 
I-I), 4.19 (2 H. q, J 7.0 Hz, OCHz), 4.92 (1 H, m, 2-H), 6.94 (1 H, d, J 8.3 Hz, 8-H), 7.00 (1 H, dd, J 
7.3, 7.9 Hz, 6’-H), 7.45 (1 H, ddd, J 1.7, 7.3, 8.3 Hz, 7’-II), and 7.86 (1 H, dd, J 1.7, 7.9 Hz, 5’-H); m/z 
234 (M+, 16%). 147 (77). 121 (29), 120 (69). 92 (40), 88 (34) 86 (78), 83 (84), 51 (78), and 49 (100). 
h4ethod B: The pyranobenzopyran 71(700 mg, 2.00 mmol) was treated as in method A. The title compound 
77 (285 mg, 61%) so obtained was identical (ir., n.m.r., t.1.c.) to the authentic sample. 

cis-3-Ethoxy_4,4a-dihydro-I -methoxy-3H,IOH-pyrano[4,3-b][l]benzopyran-lO-one 78 
To the hydroxy compound 44a (1.0 g, 3.82 mmol) in ether (25 ml) was added diazomethane (4.56 mm01 based 
on the theoretical yield).36 The solution was then left to evaporate to dryness in the fume cupboard (16 h). 
Crystallisation of the residue from ethyl acetate - petroleum, b.p. 80-100 “C, gave the title compound 78 (750 
mg, 72%) as colourless plates. Concentration of the mother liquors and chromatography of the residue, eluting 
with dichloromethane, afforded a further crop of 78 (250 mg, 24%), m.p. 126-128 ‘C! (Found: C, 64.99; H, 
5.83. Cr5Hr605 requires C, 65.20; H, 5.83%); vmax 1690, 1610, and 1335 cm-t; 6 (300 MHz) 1.23 (3 H, t, 
J 7.0 Hz, CHzMe), 2.30 (1 H, ddd, J 8.5, 9.0, 13.6 Hz, 4fi-H), 2.58 (1 H, ddd. J 2.3, 6.7, 13.6 Hz, 4u- 
H), 3.59-3.65 and 3.97-4.05 (each lH, m, OCHp), 4.035 (3 H, s, OMe), 5.01 (1 H, dd, J 6.7, 9.0 Hz, 4a- 
H), 5.22 (1 H, dd, J 2.3, 8.5 Hz, 3-H), 6.89 (1 H, dd, J 0.8, 8.2 Hz, 6-H), 7.00 (1 H, overlapping ddd, J 
0.8, 7.4, 7.8 Hz, 8-H), 7.32 (1 H, overlapping ddd, J 1.6, 7.4, 8.2 Hz, 7-H). and 7.60 (1 H, dd, J 1.6, 7.8 
Hz, 9-H); m/z 276 @f+, 13%), 230 (22) 205 (lOO), 203 (22), 174 (70). 173 (30), 159 (21), 146 (23), 131 
(35), 130 (42), and 121 (26). 

4,4a-Dihydro-l,3,3-trimethony-3H,lOH-pyrano[4,3-b][l]benzopyran-lO-one 79 
TO the hydroxy compound 51(1.0 g, 3.60 mmol) in ether (25 ml) was added diazomethane (4.30 mm01 based 
on the theoretical yield).36 The solution was then left to evaporate to dryness in the fume cupboard (16 h). 
Crystallisation of the residue from ethyl acetate - petroleum, b.p. 80-100 “C, gave the title compound 79 (700 
mg, 67%) as colourless needles, m.p. 128-129 ‘C (Found: C, 62.18; H, 5.10. Cr5Hr606 requires C, 61.64; 
H, 5.51%); Vmax (Ff, CDC13) 1710, 1596, 1265, and 1052 cm-r; 6 (300 MHz) 2.36 (1 H, dd, J 10.5, 13.3 
HZ, 4P-H), 2.71 (1 H, dd, J 6.7, 13.3 Hz, 4~-H), 3.33 (3 H, s, 3-OMe), 3.45 (3 H, s, 3-OMe), 4.07 (3 H, 
S, 1-OMe), 5.00 (1 H, dd, J 6.7, 10.5 Hz), 6.89 (1 H, dd, J 1.0, 8.2 Hz, 6-H), 7.01 (1 H, overlapping ddd, 
J 1.0, 7.8, 8.5 Hz, 8-H), 7.33 (1H overlapping ddd, J 1.6, 8.2, 8.5 Hz, 7-H). and 7.64 (1 H, dd, J 1.6, 
7.8 Hz, 9-H); m/z (methane CI) 293 (M’ + 1,118). 261 (46) 233 (25). 219 (27), 206 (20), and 205 (100). 

3,4-Dihydro4-oxo-2H-I-benzopyran-2-acetaldehyde 80 
The hydroxy compound 44a (290 mg, 1.11 mmol) in THF (14 ml) and water (1 ml) was heated under reflux 
for 16 h, allowed to cool, and treated with magnesium sulphate. Filtration, evaporation, and rapid flash 
chromatography, eluting with ether - petroleum (l:l), afforded the title compound 80 (206 mg, 98%) as a pale 
yellow oil (non-distillable) (M+, 190.0642. CrrHto03 requires 190.0630); vau+x (neat) 1729, 1691, 1609, 
1227, and 1121 cm-l; 6 (300 MHz) 2.74-2.76 (2 H, m, 3’-Hz), 2.79 (1 H, ddd, J 1.0, 4.9, 17.3 Hz, l-H), 
3.04 (1 H, ddd, J 2.0, 7.6, 17.3 Hz, 1-H). 5.00 (1 H, overlapping dddd, J 4.9, 6.7, 7.6, 9.1 Hz, 2-H). 
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6.93 (1 H, dd. J 0.9, 8.5 Hz, 8-H), 7.01 (1 H, overlapping ddd, J 0.9. 7.2, 7.9 Hz, 6-H). 7.45 (1 H, 
overlapping ddd, J 1.7, 7.2, 8.5 Hz, 7-H). 7.86 (1 H. dd. J 1.7. 7.9 Hz, 5-H). and 9.85 (1 J-J, dd, J 1.0, 
2.0 Hz. CHO); m/z 190 (M+, 4%), 189 (32). 146 (26), 120 (44), 119 (lOO), 92 (71). 64 (23), and 63 (23). 

2,3-Dihydro-2-(2-oxopropyl)4H-I-benzopyran4-one 81 
Method: To the pyranobenzopyran 46a (330 mg, 1.26 mmol) was added THF (12 ml) and water (0.5 ml). 
The solution was then heated under mflux for 16 h. cooled, and treated with magnesium sulphate. Filtration, 
evaporation, and chromatography, eluting with petroleum - ethyl acetate (7:3), gave the tirle compound 81 
(236 mg. 92%) as colourless needles (156 mg, 61%), m.p. 52-53 ‘C! (petroleum - ether) (Found: C, 70.33; H, 
5.91. C12H12O3 requires C, 70.57; H. 5.92%. M+, 204.0771. ClzH12O3 requires 204.0786); vmax (FT, 
CDC13); 1719, 1692 and 1609 cm-l; 6 (300 MHz) 2.22 (3 H, s, Me), 2.66 (1 H, dd, J 11.4. 16.7 Hz, 3-H). 
2.73 (1 H. dd, J 5.2, 16.9 Hz, 1-H). 2.74 (1 H. dd, J 4.3, 16.7 Hz, 3’-H). 3.05 (1 H, dd. J 7.2, 16.9 Hz, 
1-H). 4.91 (1 H, overlapping dddd, J 4.3, 5.2, 7.2, 11.4 Hz, 2-H), 6.89 (1 H, dd, J 1.0, 8.1 Hz, 8-H), 
6.97 (1 H, overlapping ddd, .I 1.0, 7.2, 7.9 Hz, 6-H). 7.42 (1 H, overlapping ddd, J 1.0, 7.2, 8.1 Hz, 7-H) 
and 7.83 (1 H, dd. .I 1.7.7.9 Hz, 5-H); m/z 204 (M+. 18%). 147 (100). 121 (90). 120 (71) and 92 (43). 
WB: To the hydroxy compound 46a (150 mg, 0.57 mmol) was added absolute ethanol (12 ml). The 
mixture was then heated under mflux for 16 h, cooled and the solvent was removed. Flash chromatography of 
the residue, eluting with petroleum - ether (l:l), gave the title compound 81 (91 mg, 78%) identical (i.r., 
n.m.r., t.l.c., m.p.> to the sample prepared using method A. 

2-[(2-Ethoxy-2-methoxy)ethyl]-2,3-dihyalro4H-l -benzopyran-Q-one 82 
To the pyranobenzopyran 44a (250 mg, 1.02 mmol) was added absolute methanol (10 ml). The mixture was 
then fitted with a guard tube and heated under mflux for 16 h, cooled, and the solvent removed to afford the 
fide compounds 82 (238 mg, 100%) as a pale yellow non-distillable oil (h.p.1.c. purity >97%), the ‘H n.m.r. 
spectrum (300 MHz) indicating a diastereoisomer ratio of 9:l (Found: C, 66.75, 66.66; H, 7.35, 7.34. 
C14H1804 requires C, 67.18; H, 7.25%); (M’, 250.1223. Cr4Hrs04 requires 250.1205); vmax (CHBrs) 
1690, 1610, and 1475 cm-r; 6 (300 MHz) 1.17 (3 H, t, J 7.0 Hz, CHzMe of 82a), 1.195 (t, J 6.8 HZ, 
CH2Me of 82b), 1.95 (1 H, ddd, J 4.3, 7.5, 14.2 HZ, l’-H), 2.15 (1 H, ddd. J 4.0. 8.4, 14.2 Hz, l’-H), 
2.689 (1 H. d, J 7.1 Hz, 3-H), 2.692 (1 H, d, J 8.5 Hz, 3-H), 3.325 (3 H, s, OMe of 82a), 3.335 (s, OMe 
of 82b), 3.46-3.73 (2 H, m, OCH2), 4.58 (1 H, overlapping dddd, J 4.3, 7.1, 8.4, 8.5 Hz, 2-H). 4.76 (1 H, 
dd, J 4.0, 7.5 HZ, 2’-H), 6.93 (1 H, dd, J 0.9, 8.4 Hz, 8-H). 6.98 (1 H, overlapping ddd, J 0.9, 7.2, 7.9 
Hz, 6-H), 7.44 (1 H, overlapping ddd, J 1.8, 7.2, 8.4 Hz, 7-H), and 7.84 (1 H, dd, .I 1.8, 7.9 HZ, 5-H); 
m/z 250 (M+, lo%), 172 (21), 147 (73). 131 (81), 121 (25), 120 (95), 92 (31). 89 (94), and 61 (100). 

2-[(2-Butoxy-2-methoxy)ethyl]-2,3-dihydro-4H-l-benzopyran4-one 83 
TO the hydroxy compound 45a (200 mg, 0.69 mmol) was added absolute methanol (10 ml). The mixture was 
then fitted with a guard tube and heated under reflux for 16 h, cooled, and the solvent removed to afford the 
title compound 83 (192 mg, 100%). the ‘H n.m.r. spectrum (300 MHz) indicating a diastemoisomer ratio of 
8:l (Mt. 278.1519. Cr6Hz04 requires 278.1518); v rnax (FT, neat) 1695, 1607, 1303, 1229, and 1118 cm-r; 
6 (300 MHz) 0.81 (3 H, t, .I 7.3 Hz, Me of 83a), 0.85 (t, .I 7.3 Hz, Me of 83b). 1.26 (2 H. sextet, J 7.3 
Hz, CH2Me). 1.43-1.52 (2 H, m, CH$HzMe), 1.91 (1 H. ddd, J 4.4, 7.5, 14.1 Hz, l’-H). 2.09 (1 H, 
ddd, J 4.0. 8.4, 14.1 Hz, l’-H), 2.63 (2 H, d, J 8.0 Hz, 3-H), 3.27 (3 H, s, OMe of 83a) 3.28 (s, OMe of 
83b), 3.35-3.43 and 3.53-3.61 (1H each, m, OCHz), 4.53 (1 H, ddd, J 4.4, 8.0, 8.4 Hz, 2-H). 4.71 (1 H, 
dd, J 4.0, 7.5 Hz, 2*-H), 6.866.94 (2 H, m, 6-H and 8-H). 7.37 (1 H. overlapping ddd, J 1.7, 7.6, 8.6 
Hz, 7-H). and 7.78 (1 H, dd, J 1.6, 7.8 Hz, 5-H); m/z (methane CI) 279 (M+ + 1, l%), 175 (31). 132 (31), 
131 (lOO), and 117 (20). 

Methanolysis of the Cycloadakt 46a 
The pyranobenzopyran 46a (100 mg, 0.38 mrnol) in absolute methanol (10 ml) was heated under mflux for 16 
h, cooled and the solvent removed. Flash chromatography, eluting with petroleum - ether (1: 1). gave 2-(2,2- 
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dimethoxypropyl)-2,3-dihydro-4H-l-benzopyran-4-one 84 (86 mg, 90%) as an unstable pale yellow oil, vrnsx 
(neat) 1682, 1602, 1461, 1300 and 1222 cm-t; 8 (300 MHz) 1.39 (3 H, s, Me), 2.02 (1 H, dd, J 4.3, 14.8 
Hz, I’-I-I). 2.13 (1 H, dd. J 7.1, 14.8 Hz. II-H), 2.69-2.72 (2 H, m, ~-HZ), 3.13 (3 H. s, OMe), 3.17 (3 H, 
s, OMe), 4.58 (1 H, overlapping dddd, J 4.3, 6.6, 7.1. 9.0 Hz, 2-H). 6.91 (1 H. dd. J 1.0, 8.3 Hz, 8-H), 
6.96 (1 H, overlapping ddd. J 1.0, 7.3, 7.9 Hz, 6-H). 7.42 (1 H, overlapping ddd, J 1.7, 7.3, 8.3 Hz, 7- 
H), and 7.83 (1 H, dd, J 1.7. 7.9 Hz, 5-H); m/z (methane CI) 251 (M+ + 1, 1%). 219 (43), 175 (31). 146 
(20), 145 (100). and 89 (28). Also isolated was the more polar dione 81 (7 mg, 9%). identical (i.r., n.m.r., 
t.1.c.) to an authentic sample. The constitution of 84 was confirmed by hydrolysis (aq. HCl, THF), which 
gave the dione 81. 
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