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[Traduit par Ic journal] 

The benzo[c]furan system, trivially called isobenzofuran 
(ISB), has been known (1) since 1964. In the following years, 
many methods were developed for the production of isobenzo- 
furans, most of them involving retro Diels-Alder reactions of 
various precursors (2) and culminating in the isolation (3) of the 
parent benzo[c]furan as an unstable solid very prone to poly- 
merization. Several theoretical calculations (2) suggest that the 
molecule is nonaromatic but the appearance of furanoid protons 
at 6 8.40 in the 'Hmr spectrum of ISB implies (3) the presence 
of a significant ring current. 'The reactivity of isobenzofurans 
as dienes in the Diels-Alder reaction, however, is extremely 
well documented (2) and their widespread application' to the 
construction of aromatic and hydroaromatic natural products 
has hitherto been limited only by the lack of versatile methods 
of ISB synthesis. Syntheses not entailing Diels-Alder rever- 
sions have been reported (5) in recent years and the consequent 
enhancement in synthetic versatility has led to many applica- 
tions of inter (6) and intramolecular (7) Diels-Alder reactions 
of ISB's in natural product synthesis. In this report we discuss 
some of our recent work on the generation of a variety of ISB's 
and their reactions with many common dienophiles. 

The aromatic acetal route we have employed is generalized 
in Scheme 1. It is a "one-pot" process, although phthalans (B) 
and even isobenzofurans' may be isolated in some instances. 

Preparatiorl of hydrosyacetals (A) 
Many acetals (and ketals), incorporating a variety of sub- 

stituents differing in number, type, and position, were pre- 
pared. The most convenient route, also the simplest, begins 
with a bromoaldehyde which is converted to its dimethyl acetal 
(with trimethylorthoformate and Dowex 50 W-X2 resin in re- 
fluxing methanol), lithiated by halogen-lithium exchange, 
and reacted with formaldehyde or an aromatic aldehyde 
(Al -  AS). 

Alternatively, direct ortho-deprotonation (8) of aromatic 
acetals, followed by treatment of the ensuing ord~o-lithio spe- 
cies with nonenolizable aldehydes, provides a series of con- 
tiguously substituted hydroxyacetals { A ~ - A S ) .  A major short- 
coming of these preparations is that the aryl lithium species is 
readily protonated by enolizable aldehydes or ketones, thus 
precluding the use of most aliphatic aldehydes and limiting the 
R' substituent to H or aryl. 

One solution to this problem is to start with a bromoketal 
instead, and to carry out the same sequence of reactions. Thus, 
hydroxyketals A9-All  are obtained by halogen-lithium ex- 
change from the corresponding bromoketal and reaction with 
formaldehyde (A9, A10) or piperonal ( A l l ) .  Compounds A9 
and A10 are precursors of I-methyl isobenzofurans and in 
general this route will provide 1,3-dialkyl (or 1,3-alkyl aryl) 

M e 0  OMe OMe 

R 2  R3 wO- C H O  

R1 OMe 

A13 
A1 R' = R' = OMe, R' = 3,4-methylenedioxyphenyl, R' = RS = H A9 R' = R' = OMe, R' = H 
A2 R' + R' = OCHIO, R 1  = 3,4-methylenedioxyphenyl, R' = R5 = H A10 R' + RZ = OCH,O. R '  = H 
A3 R' + R' = OCH20, R1 = 3,4-dimethoxyphenyl, R' = R5 = H A l l  R' = R.' = OMe, R1 = 3,4-methylenedioxyphenyl 
A4 R' + R' = OCH'O, R' = 3,4,5-trimethoxyphenyl, R' = RS = H 
A5 R' = R' = OMe, R' = R' = R5 = H 
A6 R' = R' = OMe, R1 = 3.4-methylenedioxyphenyl, R' = R' = H 
A7 R' = R' = R' = OMe, R' = 3,4,5-trimethoxyphenyl, R' = H 
A8 R.' = R' = OMe, R' = R' = R5 = H 
A12 R' + R' = OCH,O, R' = R5 = H, R' = cyclohexyl 

'One exception has been the usc of an isobcnzofuran intermediate in the synthesis of an anthracyclinone (see ref. 4). 
'D. Rajapaksa and R. Rodrigo. Unpublished results. 
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a, n-BuLi; b, DMF; c, HaO I CsH11MgBr 

d 
SCHEME 2 q dienophilcs 

provided spectroscopic data consistent with their structures but 

R R resisted crystallization. They were used without further puri- 
fication for the generation of isobenzofurans according to 

I~obenzofusans Adducts (C) scheme 1, 

SCHEME I The mass spectra of these compounds are characterized by 
the presence of prominent ions resulting from sequential elim- 

isobenzofurans. ination of two molecules of methanol from the parent ion 
In the course of our work we have made the fortuitous (M - 32, M - 64); an ion corresponding to loss of methanol 

discovery that carbinolarnines arising from the capture of and a methoxy radical (M - 63) is also found in the spectra. 
lithiated acetals by dimethyl formamide can be select~vely hy- 
drolysed without affecting the acetal moiety to provide ortho 
formyl acetals. 'Thus hydroxyacetal A12 was prepared from 
the 6-broino dimethyl acetal of piperonal as illustrated in 
Scheme 2. 

The success of this Grignard route provides another avenue 
of access to such hydroxyacetals (R' = alkyl) previously pre- 
pared by the ketal method. Furthermore, the potential of the 
Grignard and bromoketal technologies for assembling complex 
fragments, in preparation for intramolecular Diels- Alder reac- 
tions, is obvious. lnvestigations concerned with the synthesis 
of condensed hydroaromatic systems by these methods are in 
progress. 

All but two (A4 and AS) of these hydroxyacetals are oils that 

Plzthal~zrzs (B) 
The 1-methoxy (or hydroxy) phthalans formed by mild acid 

treatment of the hydroxyacetals are easily detectable by 'Hmr 
spectroscopy. Some were isolated and characterized (B2, B5, 
B6, B7, B8, B13, and B14). The known 1-hydroxyphthalan 
B14 was prepared by reduction of the c ~ r r e s ~ o n d i n ~ ~ ~ h t h a l i d e  
as previously reported (9). This is not a general route to hy- 
droxyphthalans, however; its success depends on the presence 
of "peri" substituents (R4, R5 J; H) in the benzene ring. They 
prevent the ring opening and thereby forestall the further reduc- 
tion of the masked aldehyde initially formed. A similar ex- 
planation has been advanced (10) for reactions where one mole 
of a Grignard reagent adds to certain peri-substituted phthalides 
to form hydroxyphthalans. The related 1-methoxyphthalan 

B2 R' + R' = OCHzO. R' = 3,4-methylenedioxyphenyl. R' = R' = R" = H 
B5 R' = R' OCH,, R'  = R' = R' = H. R" = Me 
B6 R' + R' = OCH,O, R'  = 3,4-methylenedioxyphenyl. R' = R' = H ,  R" = Me 
B7 R' = R' = R' = OMe, R 1  = 3.4.5-trimethoxyphenyl. R' = H ,  R" = Me 
B8 R ' =  R' = OMe, R' = R' = R' = H ,  Ri '=  Me 
B13 K' = R' = OMe, R' = R' = R' = H ,  R" = Me 
B14 R' = R' = OMe. R'  = R' = R' = R" = H 

B13 was also prepared by a more direct route from 2,5- 
dimethoxybenzyl alcohol. Lithiation (1 1) of its vinyl ether and 
treatment and dimethylformamide provided a hydroxyacetal 
equivalent A13 which, upon successive treatment with meth- 
anolic mercuric acetate and methanolic p-toluene sulfonic acid, 
gave B13. 

Phthalans show substantial long-range coupling between 
protons at C- 1 and C-3. It has been suggested that this is a "dual 
pathway" interaction ('J + 3J )  and its magnitude in several 
variants of 2,5-dihydrofurans has been related (12) to con- 
formational factors. Our phthalans all possess a C-1 oxygen 
substituent and in every instance we have observed that J,,, 
(trans) is ~ 2 . 4  Hz while .TI,, (cis) = 0 Hz. Although such a 

distinct stereochemical dependence of 1,3 coupling has not 
been previously reported for oxygen-substituted phthalans, 
similar drastic decreases in the 1,3 cis coupling constants of 
2,5-dihydrofurans have been noted and correlated (12) with the 
electronic effects of a 2-oxygen substituent in the latter com- 
pounds. It thus appears that in 1- or 3-oxygenated phthalans the 
magnitude of the long-range coupling is stereochemically 
diagnostic. In all our phthalans where cis and trans stereo- 
isomers can exist we find that ring closure of the acyclic precur- 
sors takes place approximately equally in either direction to 
produce a 1 : 1 mixture of cis and trans isomers. Signals of H-1 
and H-3 of both isomers are visible in the IHmr spectrum in 
approximately equal intensities. The isomers must be of about 
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TABLE I. Reactions, of hydroxy acctals* with tlimeth- 
ylacetylene dicarboxylatc 

Hydroxy acetal Adduct (yicld. 76) 

"R = H except in A9. C 9 - A l l ,  C11 (R = Me). 
?Isolated as the naphthol. 

equal stability because the 1 : 1 proportion is unaffected by the 
duration of acid exposure in the cyclization. 

The Diels-Alder reaction a n d  for-tnatiot~ oj'acld~lcts (C) 
The Diels-Alder reactions of LSB precursors A and B were 

studied in two ways. In the first instance almost all precursors 
were reacted with dimethyl acetylenedicarboxylate in the pres- 
ence of a catalytic quantity of glacial acetic acid at steam bath 
temperatures. With this combination of reactants both regio- 
chemical and stereochemical problems were avoided for the 
time being. The bridged adducts were isolated in good yields 
after crystallization from ether. In a few cases care had to be 
taken to prevent aromatization to the naphthol. Thus adducts 
C1 ,  C2,  and C 4  (Table 1) were very prone to aromatization 
and careful control of time (25-30 min) and temperature 
(95- 100°C) was necessary. Under these conditions the Diels- 
Alder reaction remains incomplete and acceptable yields of 
these compounds were only obtained after recycling mother 
liquors remaining from crystallization of the adducts. Adducts 
C 3  and C10 resisted crystallization but could be converted to 
the crystalline naphthols D3 and D l 0  by further acid treatment. 
Adduct C 7  could not be obtained under any conditions. It 
appears that the peri-methoxy group (R, = OMe) hinders 
ISB formation below 130°C. At this temperature C 7  is rapidly 
isomerized to D7, the isolated product. 

In a second study, a symmetrical ISB precursor A 5  (or B5) 
was subjected to Diels-Alder additions with a variety of di- 
enophiles (Table 2). Regiochemical complications were thus 
circumvented but in every case mixtures of erzdo-exo products 
were isolated in good to excellent yields. erzdo Isomers gener- 
ally predominated except in the case of the 2-butenolide adduct 
(entry 4). endo ~ s o m e r s  were crystallized from the mixture in 
some cases (entries 2, 5 ,  and 8) while in others the adducts 

(Table 3). 
Differences between the spectra of eso and erudo isomers 

observed here are typical of all the adducts and are easily 
detected and explained. In the eso isomers bridgehead protons 
(H-I)  are singlets; H-4 is coupled only to the P-proton at C-3 
and thus appears as a doublet in both isomers. These protons 
are rigidly helcl in a plane approxin~ating that of the adjacent 
benzene ring and are consequently subject to its deshielding 
influence. Thus H-1 and H-4 signals are both around 6 5 . 5  but 
with differing coupling patterns in the two isomers. No 
"phthalan-type" long range coupling was found between these 
two protons, however, even though the rigidity of the molecule 
ensures a favourable "W" pathway. Further differences be- 
tween the two spectra can also be associated with the disposi- 
tion of the C-2 substituent. A significant variation is found in 
H-9 (aldehyde proton) and H-2 resonances, an obvious con- 
sequence of differential shielding by the benzene ring. Such 
shielding also affects the 3 a  protons in both isomers making 
Av(3a,3p)  relatively large and thus simplifying the spectra. 
Slight, but consistent, differences in the absorptions of aro- 
matic protons and substituents between e r o  and erzllo isomers 
are seen in all adducts. Again, it is the C-2 substituent in the 
enclo configuration only that is responsible for the non- 
equivalence of the observed chemical shifts. All assignments 
and coupling constants were secured by decoupling experi- 
ments and 400 MHz spectra where necessary. 

The mass spectra of all adducts were characterized by the 
presence of a very intense ion corresponding to a retro 
Diels-Alder fission of the molecular ion. This ion, the base 
peak in all spectra, corresponds to 5,6-dimethoxy isobenzo- 
furan. Charge localization on the "dienophile" is also observed 
in many cases. The ISB ion (comnlon at m/z  178 in all 
examples of C5) shows subsequent extrusions of C O ,  CH,, 
C O ,  and CHzO represented by ions at 150, 135, 107, and 77  
mass units respectively. A minor decomposition pathway in all 
C 5  cases (except C 5  f )  involves dehydration to a naphthalene 
represented by an ion at M - 18 ( M  - 19 in 2-deutero 
examples). 

~ d d u c t s  substituted at a bridgehead position by an aryl group 
(e.g. C1-C4, C6 ,  C7) were easily aromatized to the corre- 
sponding naphthols (6,  7).  

Experimental 
General methods 

Melting point determinations were made using a Buchi SMP-20 
apparatus and are uncorrccted. Infrarcd spcctra were obtained on 
Beckman Model IR- I0 or on Acculab 10 spcctrophotometers. Nuclear 
magnetic resonance spectra were obtained on either a Varian T-60, 
Perkin-Elmer R12-B, Bruker WP-80, or Bruker WH-400 spectro- 
photometer. Samples were run in CDC13 solutions containing tetra- 
methylsilane as an intcrnal standard. Low and high resolution mass 
spectra were measured on a Varian VG Organic 7070F mass spec- 
trometer. Flash column chromatography was performed using Merck 
0.063-0.200 mm (70-230 mesh) silica gel 60 which was packed dry 
into glass columns and eluted with benzene-acetone (4: 1 )  unless 
otherwise noted. Combustion analyses were performed by Guelph 
Chemical Laboratories, Guelph, Ontario and/or Canadian Micro- 
analytical Service Ltd, Vancouver. British Columbia. 

were separated by a of chromatography and frat- General rr~ethori for prepnrirlg Der~znldel~>~dedirr~et/~yl ncetnls 
tional crystallization. erzdo-exo Ratios were easily estimated A stirred mixture of the benzaldehyde (0.1 mol), trimethylortho- 
by ' ~ m r  spectroscopy, aided by spectra of pure i ~ ~ r ~ e r s  where formate (0.3 mol), absolute methanol (150 mL), and Dowex 50W-X8 
available. TO illustrate the use of 'Hmr spectroscopy for this acid exchange resin was refluxed for 20 h, 'The solution was cooled, 
purpose, a tabulation and brief discussion of the spectra of filtered, and evporated it1 vacilo. The residual oil was distilled irl 
pure exo and endo C 5 i  (entry 9 ,  Table 2) is presented below vnc~lo providing the acetal in pure form. 
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TABLE 2. Kcnction of A5 (and BS) with dicnophilcs 

R1 R3 

A5 (or 85)  + R37( + Meom: 
R2 M e 0  

Yicld 
Dicnophilc (erido: e.r.ro) Aclduct (C) 

3.  Methyl vinylketone 

4. 2-Butcnolidc 

5.  Acrylonitrilc 

6. u-Clilo~.oacrylonitrilc 

[{I = CN, R' = RL H 

R 1  = CN. R ' =  Cl. K' = H 

7. Malcic anhydridc 

8 .  Methyl XI-ylatc 

9 .  Acrolcin 

':'c,~rclo Adduct crystallized. 
.iAcldi~cts scp;lratcd and crystallized 

eso erlrlo 

Proton S(ppn1) Multiplicity J (Hz) S(ppm) Multiplicity J (Hz) 

1 
2 

3 u 

3P 

4 
9 
5.8 
2 X OMe 

S 

ddd 

dd 

ddd 

d 
d 
s 
s 

d 
dddd 

dd 

ddd 

d 
d 
s ,  s 
s ,  S 

Gerzeral lirhi~rnr - halogell eschnr~ge procerlrlre (A1 -AS. A9- A1 1) 6-Formyl piperorzal rlirnerhyl rlcetal 
A stirred solution of the bromoacetal and dry diethyl ethcr (15 mL) 6-Bromopiperonal dimethyl acetal (6.08 g, 22.1 mnlol) was lith- 

was cooled to -7S°C under N,. n-BuLi (1.1 equiv.1 mol of acctal) iated as previously described and treated with excess of dry dimethyl- 
was added dropwise and thc resulting precipitate stirred for 0.5 h formamide (10 g,  137 mmol) at -78°C. The reaction mixture was 
before being treated with the appropriate electrophilic reagent. In- allowed to warm up to room temperature during 2 h and quenched 
creasing thc scale of the reaction to 30 mmol did not noticeably affect with HZO. The ether layer was separated, the aqueous layer extracted 
the yields. with ether (2 X 50 mL), and the combined ether extracts washed with 
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a saturated solution of NaCl and dried (Nn2S0,). Evaporation of 
solvent gavc crystalline 6-formyl pipcronal dimethylacetal (4.05 g. 
82%) which was rccrystallizcd from ether-hcxanc. mp 80°C; ir 
(CHCI,): 1670 (C=O) c m ' ;  ' ~ m r  (CDCI,, 80 MHz), 6 3.40 (s, 6H. 
2 OMc), 5.85 (s, 1 H. CH (OMe),). 6.08 (s, 2H, 0CH20) .  7.18. 7.40 
(s, IH each, Ar), 10.30 (s. IH. CHO): mass spcctrum, rtl/:  (assign- 
mcnt): 224 (M'), 209 (M- - CH)) 194 (M-' - 2 CH.3), 193 
(M' - OCH,). At~trl. calcd. for C l lHI2O5:  C 58.92. H 5.35; found: 
C 58.96. H 5.26. 

Cotnporrrld A 1 
6-Bromo-3.4-dimcthoxybenzaldchydc dimcthyl acctal (5.0 g ,  

17.2 mmol) was lithiated as prcviously dcscribcd. To the stirred sus- 
pension was addcd a solution of pipcronal (2.8 p. 18.7 mnlol) and dry 
dicthyl cther (50 mL) via a pressure-cqualizing dropping funncl. Thc 
mixture was stirrcd for 0.5 h. poured into H1O (50 mL), and extracted 
with cthcr (2 x 50 mL). Thc cxtract was dried (Na2SOI) and cvapo- 
rated it1 vcrc~ro. This affordcd a light oil (16.6 g, 95%) which was not 
purified further; ir (neat): 3450 (OH) c m ' :  ' ~ m r  (CDCI,, 60 MHz), 
6: 3.23 (s. 6H, -CH(OCH,)Z), 3.37 (d, IH. -OH. J = 4 Hz, 
exchangcablc with DZO), 3.85, 4.18 (s, 3H cach, 2 x OCH,), 5.40 
(s,  IH, CH(OCH3)2). 5.87 (s, 2H, -OCH20-), 5.97 (d, IH, 
-CHOH, J = 4 Hz, collapscs to a singlet aftcr DZO), 6.63-6.90 
(m, 4H, Ar), 7.05 (s. IH. Ar); mass spcctrum, ,,I/: (assignment): 362 
(M'). 330 (M' - CH30H). 299 (M+ - CH,OH - CH@). 298 
(M' - 2CH3OH). 

Cotnporrnd A 2 
6-Bromo-3,4-mcthy Icncdioxy bcnzaldchydcdimcthy l acetal (5.0 s. 

18.2 mmol) was lithiatcd and trcatcd with piperonal (2.87 g. 
19.1 mmol) as prcviously dcscribcd. Work-up was similar to that of 
A1 and afforded an oil (6.0 g ,  95%) which was not purificd 
further; ir (ncat): 3420 (OH) cm-':  'Hmr (CDC13, 60 MHz) 6: 3.21 
(s, 6H, 2 x OCH,), 3.45 (br, IH, OH. cxchangcablc with D20) ,  
5.37 (s, IH, CH(OCH,)?), 5.87 (s. 4H, 2 X -OCH,O-). 5.96 
(br, IH, -CHOH. sharpens with D20 , )  6.66-6.95 (m,  3H. Ar), 
6.75, 7.02 (s, IH, cach. Ar): mass spcctrum, tn/z (assignmcnt): 
346 (M'), 314 (M+ - CH30H). 283 (M' - CH30H - CHAO), 282 
(M' - 2CH30H). 

Comporrtld A 3 
6-Bromo-3,4-mcthylencdioxybcnzaldchydcdimcthyl acctal (5.0 g ,  

18.2 mmol) was lithiated and trcatcd with vcratraldchydc (3.15 g, 
1.90 rnrnol). Work-up as dcscribcd gavc A3 as an oil (6.0 g, 91%) 
which was not purificd further; ir (ncat): 3520 (OH) cm- ' ;  ' ~ m r  
(CDClj. 60 MHz), 6: 3.25 (s, 6H, CH(OCH,),), 3.50 (d, IH, OH, 
J = 4.2 Hz, disappcars with D,O). 3.91 (s, 6H, 2 X OCH,). 5.42 
(s, IH, CH(OCH,)2, 5.95 (s, 2H, -OCH,O-). 6.1 (d, IH, 
J = 4.2 Hz, collapses to a singlct with D20) ,  6.7-7.2 (rn. 5H. Ar): 
mass spcctrum, I P I / Z  (assignmcnt): 362 (Mt) ,  330 (Mt - CH,OH), 
299 (M+ - CH30H - CH30),  298 (M' - 2CH30H). 

Corr~pourld A4 
Treatment of lithiated 6-bromo-3,4-mcthylcncdioxybcnzaldchydc- 

dimcthyl acctal (3.0 g, 10.9 mmol) with 3.4.5-trimethoxybcn- 
zaldehyde (2.3 g. 11.7 mmol) gave A4 as an oil (4.0 g, 93%) which 
later crystallized from diethyl cthcr; mp 1 I I - 112.5"C; 'Hmr (CDC13, 
60 MHz), 6: 3.22, 3.30 (s, 3H each, CH(OCH,),), 3.77 (s, 9H, 
-OCH3), 3.6 (d, IH, OH, disappears with D,O), 5.41 (s, IH, 
-CH(OCH3)2), 5.80 (s, 2H. -OCH20-), 6.01 (d, lH,  -CHOH, 
collapses to a singlct with D20) ,  6.55 (s, 2H. Ar), 6.63, 6.95 (s. lH 
each, Ar); mass spcctrum. t 1 1 / i  (assignment): 392 (M'), 360 
(M' - CH30H), 329 (M' - CH30H - CH30), 328 (M' - 

2CH,OH); hrms calcd. for C20H2JOX: 392.147 1; found: 392.1414. 
Anal. calcd. for C20H240H: C 61.21, H 6.17; found: C 61.01, H 6.41. 

Compound A5 
6-Bromo-3.4-dimcthoxybenzaldehydedimethyl acetal (5.4 g) was 

lithiated and treated with anhydrous formaldehyde gas. Thc latter was 
generated by pyrolyzing paraformaldehyde (6 g) with a hot air gun and 
the resulting gas passed, in a stream of drynitrogen, over a boat of 
anhydrous CaClz and into the lithiated solution. The mixture was 
stirred for I h at room temperature and poured into H 2 0  (50 mL). The 

ether layer was scparated. dried (Na2SOI), and thc ether rclnoved it1 
vtrcrro to lcavc an oil ( 9 5 8 )  which rcsistcd crystallization: 'Hmr 
(CDCI,, 80 MHz) 6 :  3.01 ( t .  I .  OH. disappcars with D20) .  3.35 (s, 
6H, -CH(OCH3)Z, 3.85 (s ,  6H, 2 x OCH2). 4.59 (d. 2H, 
0-CH,OH. collapscs to a singlet in D20) ,  5.41 (s,  IH, 
-CH(OCH,)2). 6.82, 7.00 (s. 1H each, Ar); mass spcctrum, rill: 

(assignmcnt): 242 (M*). 210 (M' - CH,OH). 
Cotr~l~orrt~tl A7 
2-Bromo-3.4,5-tri~~~cthoxybenzaltlchydcinetyI acctal ( 1.46 g,  

4 .5  mmol) was lithiatcd and prcviously dcscribcd. To the stirrcd sus- 
pension was addcd a solution of 3.4.5-trimethoxybenzaldchyde 
(0.891 g, 4.56 mmol) in dry cthcr (50 mL). Work-up as previously 
dcscribcd gavc A7 as an oil (1.9 g. 95.6%), ir (ncat): 3450 (OH) cm- ' ;  
'Hmr (CDCl,, 80 MHz), 6: 3.27, 3.29. 3.50, 3.74, 3.79. 3.80. 3.81, 
3.83 (all s. 3H cach, 8 OMc groups), 3.98 (d. IH, OH. cxchangeablc 
with DZO), 5.30 ( 5 .  IH, CH(OMc),), 6.1 (d, IH, CHOH, 
J = 10.7 Hz), 6.55. 6.56, 6.96 (all s,  l H cach, Ar), mass spectrum, 
I I I / Z  (assignment): 438 (M-'). 406 (M' - CH,OH), 375 (M+ - 
CH30H - CH,O), 374 (M" - 2CH30H). 

Get~ertrl litl~intiut~ procedrrre for piperotlcrl trnd verntraldelzyde 
rlittletl~yl ac~etn1.s 

A stirrcd solution of thc acctal and dry dicthyl cthcr (15 mL). under 
NZ, was coolcd to 0°C and trcatcd with n-BuLi ( I .  I cquiv./molc of 
acctal). After I h thc mixture was trcatcd with the appropriatc electro- 
philic rcagcnt. 

Cornporrt~rl A6 
Vcratraldchydc dimcthyl acctal (2.07 g: 9.76 mmol) was lithiatcd 

and trcatcd dropwisc with an cthcrcal solution of pipcronal ( I  .46 g, 
9.8 mmol in 50 mL) at -78°C. I t  was allowcd to warm up to room 
tcmperaturc. Work-up similar to that of A1 affordcd an oil (3.35 g, 
95%) which was uscd in the Dicls-Aldcr reaction without furthcr 
purification; ir (ncat): 3450 (OH) cm-'; Hrnr (CDCI,. 80 MHz), 6: 
3.23 (s, 6H. 2 acctal OCH,), 3.52 (s, 3H. OCH,), 3.80 (s, 3H, 
OCH,), 4.2 (d, IH, OH, J = 10 Hz, cxchangc;~blc with DrO), 5.2 
(s. IH, CH(OMC)~) ,  5.85 (s. 2H. -OCH20), 6.13 (d, IH, CHOH, 
J = 10 Hz), 6.65-7.35 (m, 5H, Ar); mass spectrum, rn/z (assign- 
ment): 362 (M'), 331 (M' - CH,O). 330 (M+ - CH,OH). 299 
(M' - CH,OH - CH30), 298 (M' - 2CH3OH). 

C o t ~ ~ / ~ o r r t ~ ~ l  A8 
Veratraldchydc dimcthyl acctal (2.5 g)  was lithiatcd and trcatcd 

with gascous formaldehyde as pcr AS. Similar work-up gavc a white 
amorphous solid which later crystallizcd from cthcr (2.7 g. 95%); mp 
54-56°C; ir (CHC13): 3420 (OH) cm-'; 'Hmr (CDC13, 60 MHz), 6: 
3.0 (t, IH, OH, disappcars with D,O), 3.35 (s, 6H, -CH(OCH,)2), 
3.8 1 (s, 6H, 2 x OCH,). 4.70 (d, 2H, CH20H).  collapses to a singlet 
with D20) ,  5.32 (s, IH, -CH(OCH3)2). 6.65 and 7.07 (ABq, IH 
cach, J,,,,,,,, = 8.1 Hz, Ar); mass spcctrum, rn/z (assignmcnt): 242 
(M+) ,  210 (M+ - CH,OH). Atlctl. calcd. for CIZHIXOS: C 59.49, 
H 7.49; found: C 59.22, H 7.78. 

Cortlpo~rr~tl A9 
6-Bron~o-3.4-dimcthoxyacctophcnoncdimcthyl ketal (2.0 g) was 

lithiatcd and trcated with formaldchydc gas (6 g of paraformaldchydc) 
as prcviously dcscribed. Similar work-up affordcd an oil (86%) which 
resistcd crystallization; ir (ncat): 3450 (OH) cm-';  'Hmr (CDCI,, 80 
MHz), 6: 1.60 (s, 3H,-CH3), 3.2 (s, 1 IH, OH, disappears with 
DZO), 3.29 (s, 6H, -C(OCH,),)CH,), 3.90 (s, 6H, 2 X OCH,), 
4.61 (s, 2H, -CH20),  6.93, 7.07 (s, IH cach, Ar); mass spcctrum, 
rn/z (assignment): 256 (M'), 225 (M' - CH30). 

Comport nd A 10 
6-Bromo-3.4-mcthylcnedioxyacetophenoncdimethyl kctal (1 g) 

was lithiatcd and treatcd with formaldehyde gas (3 g of paraformalde- 
hyde) as previously described. Similar work-up gave an oil (72%) 
which rcsisted crystallization; ir (ncat): 3460 (OH) cm-'; 'Hmr 
(CDCI,, 80 MHz), 6: 1.58 (s, 3H,-CH,), 3.0 (t, IH. -OH, disap- 
pears with DzO), 3.29 (s, 6H. -C(OCH,)CH,), 4.56 (d, 2H, 
-CHZOH, collapses to a singlet with D,O), 5.96 (s ,  2H, 
-OCH,O-), 6.88, 7.01 (s, 1H each, Ar); mass spectrum, rn/z 
(assignment): 240 (M'), 209 (M' - CH30). 
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Compound A l l  
6-Bromo-3,4-dimethoxyaeetophenonedimethyl ketal (0.434 g, 

1.42 mmol) was lithiated and treated with a solution of piperonal 
(0.213 g, 1.42 rnmol) in dry ether at -78'C. The reaction mixture was 
allowed to warm up to room temperature, and worked up as in A7 to 
give A l l  as an oil (0.485 g, 91%): ir (neat): 3450 (OH) e r n 1 ;  'Hmr 
(CDCI,, 80 MHz), 6: 1.52 (s, 3H, Me), 3.15 3.28, 3.76 (s, 3H each, 
3Me0),  3,9 (s and overlapping m, 4H. Me0  and OH). 5.94 
(s, 2H, OCHIO), 6.27 (d, IH, CHOH. J = 4.49 Hz, collapses to a 
singlet with DZO), 6.79-6.89 (m, 4H, Ar), 7.06 (s, IH, Ar); mass 
spectrum. nr/z (assignn~ent): 3 I2 (M' - 2CH,OH). 

Co1npo~tr1rl A 12 
Bromocyclohexane (2.04 g, 10 ~nmol) was added dropwise under 

N, from a syringe, while stirring, to Mg turnings (0.3 1 g, 12.5 mmol) 
in dry ether (50 mL) so that the ether refluxes gently. Stirring con- 
tinued for I h at room temperature. A solution of 6-formylpiperonal 
dimethyl acetal (2.24 g. 10 mmol) in ether (50 rnL) was added from 
a dropping funnel to the ice-cold solution. The ice bath was removed 
and stirring at room temperature continued for 2 hours. The resulting 
solution was decanted from Mg and a saturated NH,CI solution added. 
It was extracted with ether (3 x 50 mL) and the combined ether 

extracts washed with water (50 mL) and dried (Na,SO,). Removal of 
solvent afforded A12 as an oil (2.98 g, 97%) which was used without 
further purification, ir: 3450 (OH) cnl-'; ' ~ m r  (CDCI,, 80 MHz) 6: 
0.9-2.5(m, l l H , C ~ , H l l ) 3 . 3 ( s , 6 H , 2 M c O ) 4 . 5 8 ( d ,  l,CH-OH, 
collapses to a singlet with DZO), 5.5 (s. IH, CH(OMe)?), 5.95 (s, 2H, 
0CH20)  6.95, 7.06 (s, IH each, Ar); mass spectrum, m/z (assign- 
ment): 277 (M' - CH,OH). 276 (M' - CH,OH), 245 (M' - 
CH,OH - CH,O), 244 (M' - 2CH30H). I93 (M' - CH,OH - 
C(>HII) .  

Cornpo~rrlrl A 13 
2,5-Dimethoxybenzyl vinyl ether (5.0 g, 25.7 mmol) was lithiated 

with n-BuLi (2 equiv.) at O°C in anhydrous pentane (150 mL, distilled 
over CaH2) for 6 h, under nitrogen. The flask was placed in the freezer 
for 6 h to allow the solid lithio derivative to sediment. The pentane was 
then syringed out and dry diethyl ether (100 mL) added at O°C. Once 
the anion dissolved, dry DMF (5 mL, distilled ir~ \ r ~ ~ c ~ t o  from CaHl 
into NaH) was added slowly, not allowing the temperature to rise 
above 0°C. After 12 h at room temperature. the solution was poured 
in H,O (50 mL) and washed with saturated brine solution (3 X 

50 mL). The ether was dried (Na2SOI) and removed ill rBacllo to leave 
an oil. Repeated crystallizations from ether afforded 0.8 g of A13. 
Final distillation of the mother liquor (120-140°C/0.01 Torr) af- 
forded another 0 .8  g (total yield: 30%), mp 82-83°C; bp 
120- 124"C/0.01 Torr; ir (KBr): 1695(CHO), 1625 (C=C) cm-I; 
' ~ m r  (CDCI,, 80 MHz), 6: 3.83, 3.87 (s, 3H each, 2 x 0CH3),  4.04 
(dd, IH, J ,,,,, = 2.0, J,.,., = 6.8Hz,  vinyl H), 4.30 (dd, IH, 
J ,q,.,,, = 2.0, J ,,,,,,, = 14.1 Hz, vinyl H), 5.12 (s, 2H, -CH,O-), 
6.55 (dd, IH, J, , ,  6.8, J ,,,,,,, = 14.1 Hz,-OCHCH?), 7.12 and 6.95 
(ABq, 1H each, J,,,,,, = 8.2 Hz, Ar), 10.55 (s, IH, -CHO); mass 
spectrum, rn/z: 222 (M'), 179 (M' - OCHCH?): A~lnl. calcd. for 
C12H1404: C 64.86, H 6.35; found: C 64.64, H 6.09. 

Cornpourzd B2 
The hydroxyacetal A2 (7.0 g) was dissolved in degassed 

1,2-dimethoxyethane (70 mL) and HZO (50 mL) was added. The mix- 
ture was stirred for 24 h under N?. The resulting white precipitate (a 
mixture of cis and trarls, a mixture of steroisomers) was filtered and 
washed with diethyl ether (72%); mp 15 1 - 152°C (sealed tube); ' ~ m r  
(CDCI,, 60 MHz), 6: 5.8-6.11 (m, 5H, 2 X 0CH20-, C(3)H), 
6.35, 6.50 (s, 1H each, cis and tmns C(I)H), 6.8-7.1 
(m, 5H, Ar); hrms calcd. for ClbH]2o6: 300.0634; found: 300.0598. 
Arlal. calcd. for C16HIZ06: C 64.00. H 4.03; found: C 64.17, H 3.99. 

Corr1pourrrl B5 
The hydroxyacetal A5 (1.0 g) was placed in methanol (5 mL) and 

2 N HC1 (3 mL) added. After stirring for 8 h at room temperature, 
the methanol was removed in vncllo and the resulting oil extracted 
with CHCI, (3 x 10 mL). Drying (Na2S04) and removal of 
CHCI, afforded an oil (92%) which resisted crystallization; 'Hmr 
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(CDC1,. 80 MHz), 6: 3.38 (s, 3H, C(I)-OCH2), 3.86, 3.87 (s, 3H 
each, 2 x OCH,), 4.93 (d, IH, J ,<,.,,, = 12.0 Hz, C(3)H), 5.16 
(dd, IH, J,,.,,, = 12.0, Jl.,rr,,r,, = 2.2 HZ, C(3)H). 6. 13 (d, IH, 
J1.3 ,,,,,,, = 2.2 Hz, C(I)H),  6.75, 6.88 (s, 1H each, Ar); mass spec- 
trum, ~ n / z  (assignment): 210 (M'), 179 (M' - CH,O); hrms calcd. 
for C I  IH,,O,: 210.0892; found: 210.0889. 

Co~npoltr~rl B8 
Several recrystallizations of A8 from boiling methanol gave B8 

(88%). mp 60-61.5"C; 'Hmr (CDCI,, 60 MHz), 6: 3.31 (s,  3H, 
C(I)-OCH,), 3.80 (s, 6H, 2 x OCH,), 4.98 (br s,  2H, C(3)H's), 
5.86 (br s, IH, C(I)H), 6.66 and 6.82 (ABq, 1H each, 
J ,,,, ,,,, = 8.2 Hz, Ar): Anal. calcd. for CIIHIIOI:  C 62.84. H 6.71; 
found: C 62.74, H 6.80. 

Cor~ll~olo~rl B 13 
Aldehyde A13 (1.5 g) was dissolved in nlethanol (20 mL) and 

treated with Hg(OAc)? (83 mg). After 1 h, p-toluenesulfonic acid 
(21 mg) was added and 0.5 h later solid sodium bicarbonate (0.2 g) 
was added. The mixture was filtered and the methanol removed irl 
V L I C L ~ ~  to leave an oil. This oil was extracted into ether (2 x 10 mL), 
washed with H,O (10 mL), dried (Na2S0,), and the ether removed to 
leave an oil which later crystallized from ether (90%); mp 75-76°C; 
'Hmr (CDCI,, 80 MHz), 6: 3.44 (s, 3H, C(1)-OCH,), 3.78, 3.82 (s, 
3H each, 2 X OCH,), 4.95 (d, I H, J ,,,,, = 13.1 Hz, C(3)H), 5.15 
(dd, IH, J I . ,  ,,,,,,., = 2.0, J ,,,,, = 13.1 Hz, C(3)H), 6.23 (d ,  IH, 
J1 . ,  = 2.0 HZ, C(I)H),  6.75 (s, 2H, Ar); mass spectrum, rn/z 
(assignment): 210 (M'), 179 (M' - OCH,). Arznl. calcd. for 
C,,H,,O,: C 62.85, H 6.71; found: C 62.62, H 6.43. 

Cor~~po~lrlrl B14 
Metlzod A. Aldehyde A13 (1.5 g) was dissolved in dioxane-water 

(20 mL, 7:3) and treated with Hg(OAc)? (03 g). After 3 h at room 
temperature, the dioxane was removed in vacuo and the resulting oil 
extracted into the CHCI, (3 x 10 mL). Drying (Na2S0,) and removaI 
of CHCI, afforded a solid which was filtered and recystallized from 
CH,Clz (91%), mp 155- 157°C (lit (9) mp 156- 158°C); ir (KBr): 
3450 (OH) cm-I; ' ~ m r  (CDCl,, 80 MHz), 6: 2.97 (d, IH, -OH, 
J l ,ob l  = 7.0 Hz, disappears with D,O), 3.80, 3.85 (s, 3H each, 
2 X OCH,), 4.97 (d, IH, J,< ,.,,, = 13.3 Hz. C(3)H), 5.27 (dd, IH, 
JI .3r ,o ,n=2.15,  Ja , . , , ,= l3 .3Hz ,  C(3)H), 6.57 (dd, IH, 
J , , ,  ,,,,,,., = 2.15, Jl,oll = 7.0 Hz, collapses to a doublet in D,O, 
C(I)H), 6.77 (s, 2H, Ar); mass spectrum, rn/z (assignment): 196 
(M'), 179 (M'-OH). 

Metllod B. 4,7-Dimethoxyphthalide (1.94 g, 9.97 mmol) was dis- 
solved in dry CH,CI, (from CaH2, 163 mL) and cooled to 
-60 * 5°C. Dibal-H ( I5  mL of 1.52 M in toluene, 22.8 mmol) was 
added over 0.25 h and the solution stirred a further 70 min. Methanol 
(5 mL) was added slowly and the mixture warmed to room tem- 
perature. The mixture was poured into CHCI, (200 mL), shaken with 
saturated NaCl (200 mL), and filtered through Celite. The CHCI, was 
dried (Na2S0,) and removed in vacuo, leaving a white solid. This was 
slurried in hexane and filtered, leaving 1.8 g (93%) of B14. 

General procedure for din~ethyl aceryler1erlicarbox)~Inte (DMAD) 
adduct formation 

The hydroxyacetal or phthalan (1 g) was dissolved in excess 
DMAD (5 mL). Glacial acetic acid (0.3 mL) was added and the 
mixture heated on a steam bath with swirling for 20-30 min. The 
excess DMAD was distilled in vaclto leaving a thick oil. Crystals 
formed upon the addition of ether were filtered, and examination of 
the mother liquor revealed unreacted phthalan. This could be recycled 
to optimize the yield. 

Cornpound C1 
Adduct C 1  was prepared from A1 by the above method in 65% 

yield. Crystals were obtained from ether; mp 178- 180°C; ir (CHCI,): 
1725 (C=O) cm-I; ' ~ m r  (CDC13, 80 MHz) 6: 3.75, 3.78 (s, 3H 
each, 2 X C02CH,), 3.83, 3.84 (s, 3H each, 2 X OCH,), 6.00 (s, 
3H, -OCH20- and bridge H), 6.8-7.2 (m, 5H, Ar); mass spec- 
trum, m/z (assignment): 440 (M'), 408 (M' - CH,OH), 298 (5,6- 
dimethoxyisobenzofuran). Anal. calcd. for C13H2oO9. C 62.71, 
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H 4.59; found: C 62.99. H 4.59. 
Cortl/)o~rr~d C2 
Adduct C2 was prcparcd from A2 by thc abovc method in 65% 

yicld. Crystals wcrc obtained from cthcr: nip 129- 130°C; ir (CHCII): 
1725 (C=O) cm '; 'Hmr (CDCII, 60 MHz). 6: 3.68, 3.72 (s, 3H 
each, 2 x OCHI), 5.93 (m. 5H, 2 x -OCH,-0. bridge H), 
6.8 -7.2 (m, 5H, Ar); mass spcctrum, r ~ / :  (assignmcnt): 424 (M'). 
282 (5,6-mcthylcncdioxyisobcnzofuran). Arltrl. calcd. for CZ2HI(,Oc): 
C 62.23. H 3.81; found: C 62.31. H 3.85. 

Cort~/lourrd C4 
Adduct C4 was prcparcd from A4 by the abovc proccdurc in 65% 

yicld. nlp 159°C; ir (CHC!,); 1720 (C=O) cnl-': 'Hmr (CDCII, 
80 MHz), 6: 3.73, 3.77 (s. 3H cach. 2 X CO,CH,). 3.87 (s. 9H, 
3 X OCHI), 5.90 (close ABq. 2H. -OCH,O-), 5.95 (s,  IH, 
bridgc), 6.77 (s, 2H, Ar), 6.90 (s, 2H); hrms calcd. for C21H2201(1: 
470.1213: found: 470.1241. Arrtrl. calcd. for CL-IH22010: C 61.28, 
H 4.71; found: C 61.03, H 4.68. 

Corrrporrtrd C5 
Compound A5 was trcatcd as abovc and providcd ycllow crystals 

upon the addition of ether (95%); mp 139- 139.5"C: ir (CHCII): 17 10. 
1730 (C=O) cm- ' ;  'Hmr (CDCII, 60 MHz), 6: 3.80 (s. 6H, 
2 x C02CH2).  3.80 (s,  6H, 2 X OCH,), 5.93 (s. 2H, 2 bridgc H), 
7.10 (s, 2H. Ar); mass spcctrum, tn/z (assignmcnt): 320 (M+) .  

Cornpor~r~d C8 
Adduct A8 was treated as above and providcd C8 in 34% yicld, mp 

104-105°C; ir (CHCII): 1736, 1714 (C=O) cm-';  ' ~ n i r  (CDCII, 
60 MHz), 6: 3.71 (s, 9H, 2 X C02CH3, I X OCH?), 3.98 (s,  3H, 
-OCHI), 5.78 and 6.21 (ABq, l H cach, J = 1.7 Hz, 2 bridgc H), 
6.4 and 6.91 (ABq, IH cach, J ,,,,,,,, = 8.7 Hz, Ar); mass spcctruni, 
m/z (assignment): 320 (M+).  At~trl. calcd. for Cl,H1,O7: C 60.00, 
H 5.04; found: C 59.97, H 5.13. 

Corr1porrr~rl C9 
Adduct C9 was prcpared from A9 in 96% yicld and failcd to crys- 

talize; 'Hmr (CDCII, 80 MHz), 6: 1.96 (s, 3H. CHI), 3.76, 3.82. 
3.88, 3.89 (s, 3H cach, 2 x C02CHI, 2 x OCH.,), 5.85 (s, IH. 
bridgc H), 7.0, 7.07 (s, lH each, Ar); mass spcctrum, r r ~ l ;  (assign- 
ment): 334 (M'), 192 (5.6-dimcthoxy- I -mcthylisobcnzofuran). 

Com/~ourid C 10 
Adduct ClO was preparcd from A10 in 96% yicld. Addition of cthcr 

afforded yellow crystals. mp 87.5-89.5"C; 'Hmr (CDCII, 80 MHz). 
6: 1.92 (s. 3H, CHI), 3.76, 3.82 (s, 3H each, 2 X COICH,), 5.80 
(s, IH, bridge H), 5.95 (close ABq, 2H. J = 1.1 Hz, -OCH20-), 
6.87, 6.93 (s, 1H each, Ar); mass spectrum, r r ~ / z  (assignment): 3.18 
M 176 (I-methyl-5,6-niethylencdioxyisobcnzofuran). Atlnl. 
calcd. for C16H1407: C 60.38, H 4.43; found: C 61.07, H 4.52. 

Compour~rl 0 6  
Diels-Alder rcaction of the acetal alcohol A6 (448 mg) was done 

with dimethyl acetylencdicarboxylate as described in the gcneral pro- 
cedure by heating at 130°C for 20 min. Usual work-up gave the 
naphthol D6 (309 mg, 62%) as a crystalline solid, mp 167°C; ir (KBr): 
I735 and I640 (C=O) cm-I; 'Hmr (CDCI,, 80 MHz), 6: 3.15 
(s. 3H. OMe), 3.45 (s, 3H, OMel, 3.82, 3.87 (s, 3H each, COOCH,), 
5.85 (s, 2H, 0CH20) ,  6.68 (m, 3H, Ar), 7.2, 8.2 (ABq, 2H, Ar), 
12.4 (s, 1H. OH exchangeable with D20);  mass spectrum, m/z  (as- 
signment): 440 (M'), 408 (M+ - CH,OH), 393 (M+ - CH,OH - 
CH,). Atlnl. calcd. for C2,H2r,O,: C 62.72, H 4.54; found: C 62.7 I ,  
H 4.56. 

Con~/~ou t~d  0 7  
The acetal alcohol A7 heatcd wth dimethyl acetylenedicarboxylate 

at 130°C for 20 rnin with acctic acid, gave naphthol D7 in 73% yicld, 
mp 162°C; ip (KBr): 1720, 1645 (C=O) cn1-'; 'Hmr (CDC13, 
80 MHz), 6: 3.33, 3.52 (s, 3H each, 2 OMe), 3.8, 3.9 (s, 6H cach, 
4 OMe), 3.92. 4.05 (s, 3H each, 2 - OMe), 6.55 (s, 2H, Ar), 7.68 
(s, IH, Ar), 12.35 (s. 1H, OH cxchangcs with DzO); mass spectrum, 
tn/z (assignment): 516 (M+),  485 (M' - CH,OH), 484 (M' - 
CH30H), 453 (M' - CH30H - CH30). Atrnl. calcd. for CZ6HZX06: 
C 60.46, H 5.42; found: C 60.40, H 5.34. 

Corf7/~o~old C l 1  
Adduct C l l  was prcparcd from thc kctal alcohol A l l  in 72% yicld 

by thc gcncral procedure dcscribctl abovc. Crystallization from cthcr 
gavc ycllow prisms, mp 169°C: ir (KBr): 1705. 17.20 (C=O) e m  '; 
'Hmr (CDCII. 80 MHz). 6: 2.95 (s, 3H, Me), 3.69, 3.76 3.85. 3.90 
(s, 3H each, 4 McO). 6 .0  (s, 2H, 0CH20) ,  6.8-7.2 (m. 5H, Ar); 
mass spcctrum, r r r l :  (assignment): 454 (M+),  408 (M' - CHIO - 
CHI). At~crl. calcd. for C24H2200: C 63.43. H 4.84; found: C 63.43, 
H 4.84. 

Corrlpo~rrld C 12 
Adduct C12 was prcparcd from the kctal alcohol A12 in 70% yicld. 

Crystallization from methanol gavc light ycllow prisms, rnp 170°C; ir 
(KBr): 1700. 1725 (C=O) cm- ' ;  ' ~ m r  (CDCI,. 80 MHz) 6: 1 .O-2.0 
and 2.2-2.7 (m. l l H. Cl,HI I). 3.75. 3.85 (s, 3H cach, 2 McO), 5.85 
( s ,  1 H, bridge H), 5.92 (ABq, 2H, OCH,O), 6.82, 6.87 (d, 2H, Ar): 
mass spectrum. rtl/z (assignn~cnt): 386 (M'), 354 (M+ - CHIOH), 
322 (M+ - 2CH30H). Arlrrl. calcd. for CZIH2,07: C 65.28, H 5.69; 
found C 65.26. H 5.70. 

Corr~pourrd 03 
Dicls-Alder reaction of A3 with dinlcthylacctylcncdicarboxylatc 

in thc prcscncc of acetic acid of 100°C for I h gavc naphthol D3 in 
62% yield, mp 167°C; ir (KBr): 1700. 1725 (C=O) c m - ~ ' ;  'Hnir 
(CDCI,, 80 MHz.) 6: 3.55, 3.85, 3.90, 3.92 (s,  3H each, 4 McO), 
6.05 (s, 2H. 0 C H 2 0 ) ,  6.7-6.9 (m, 4H, Ar), 7.75 (s, IH, Ar). 12.22 
(s ,  IH, OH); mass spcctrurn, rn/z (assignment): 440 (M+). 408 
(M+ - CH,OH), 393 (M' - CHIOH - CHI). Arrnl. calcd. for 
CZ1HZ0Ot): C 62.72. H 4.54; found: C 62.66 H 4.60. 

Get~ertrl procedure f o r  the renctiorl of'n ijrrriety c~j'tliet~o/~hile.s ir~ith A5 
Thc hydroxyacctal AS, glacial acctic acid, appropriate dienophile, 

and a suitable solvcnt wcrc placcd in a flask and rcfluxcd to complc- 
tion of the reaction. The flask was cooled and saturated bicarbonatc 
added until thc acctic acid was neutralized. The solvcnt was separated. 
dried (Na2S0,), and removed it1 vcrcuo to leavc an oil. 

Cort~porlrrd C5o 
Acctal A5 (0.55 g, 2.3 mmol), glacial acctic acid (0.2 mL) benzo- 

quinone (2 cquiv.), and CHZC12 (20 mL) wcrc treated for 18 h as 
above. The addition of cthcr affordcd a mixture (60%) of etitlo/e,vo 
(7:3)  crystals which could not bc separated. Analyses wcrc donc on 
the mixture; mp 10°C: ir (CHCI,): 1675 (C=O). 1610 (C=C) cm ' ; 
mass spcctrum. rn/: (assignmcnt): 286 (M'), 278 (5,6-dimcthoxyiso- 
benzofuran). Atlcil. calcd. for ClhHI1O5: C 67.12, H 4.93; found: 
C 67.01. H 5.09. The Hmr (CDCII, 80 MHz), cndo adduct; 6: 3.65 
(m, 2H, C(2), C(3)-H), 3.83 (s, 6H (2 X OCH;) 5.68 (m. 2H, C( I ) .  
C(4)-H), 6.01 (s, 2H, -CH=CH-), 6.70 (s, 2H, Ar); exo ad- 
duct, 6: 2.80 (s,  2H, C(2), C(3)-H), 3.87 (s, 6H, 2 X OCH,), 5.59 
(s, 2H. C(1), C(4)-H) 6.80 (s, 2H, -CH=CH-). 6.90 (s, 2H. 
Ar). 

Corr~~~o~rtrrl C5b 
Acctal A5 (0.5 g ,  2 mmol), glacial acctic acid (0.2 niL), naphtha- 

quinone (2.5 equiv.), and CHCl, (10 mL) wcre treated for I h as 
above. The excess naphthaquinonc was removed on a column of silica 
gel using EtOAc/pctrolum ether ( I  : I )  as a solvcnt. The addition of 
ether to the resulting oil afforded the errrlo adduct but the eso adduct 
could not be isolated ' ~ m r  showed the errdoleso ratio to be 3:  1 and 
the yield was 8656. Errclo Isomer: mp 215-2 17°C; 'Hmr (CDCII, 80 
MHz), 6: 3.63 (s, 6H. 2 x OCH;), 3.8 (m. 2H, C(2), C(3)-H), 5 . 8  1 
(ni, 2H, C(1). C(4)-H), 6.63 (s ,  2H. Ar), 7.47-7.85 (AA'BB' 
pattern, 4H, Ar); mass spectrum. rr~/ :  (assignment): 336 (M'), 178 
(5.6-dinicthoxyisobenzofuran). Atltrl. calcd. for CLIIHIhOi: C 7 1.42. H 
4.79; found: C 7 1.67. H 4.84. 

C O I I I / I ~ L ~ I I ~  C5c 
Acetal A5 (4.3 g, 17.7 mmol). glacial acctic acid (1.9 mL), mcthyl 

vinyl ketonc (3  cquiv. freshly distilled. ant1 1% hydroquinonc addcd 
as an inhibitor), and CCl, (100 mL) wcrc hcatetl t 60°C for 6 h. Thc 
addition of ethcr affordcd er~clo crystals. The oil froin the mother 
liquor was run through a gravity of column of silica gel using 
benzenclacetonc (4: 1). Thc fastcr spot ( R ,  = 0.52) affordcd erlrlo 
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crystals and thc slowcr spot (R, = 0.50) ero crystals upon thc addition 
of ether. The yicld was 78% and tlic i,t~tlo/ei-o ratio was 3:2. Etrrlo 
Adduct: mp 129-131°C; ir (CHCI,): 1710 (C=O) c m ' ;  'Hmr 
(CDCI,, 80 MHz), 6: 1.83 (dd. IH, J ,,. = 11.7, J,.,,. = 4.1 Hz, 
C(3a)-H), 1.99 (s, 3H. COCH,), 2.22 (ddd, IH, J,,,.Zl, = 11.7, 
Jz.Jp = 9.5, Jje.4 = 4.6 HZ. C(3P)-H). 3.40 (ddd. lH, J1.2 = 5. I, 
Jz,,,, = 4.1, J L , ~  = 9.5 Hz, C(2)-H), 3.83, 3.86 (s. 3H cach. 
2 X OCH,), 5.38 (d, IH, J.7p,4 = 4.6 Hz, C(4)-H), 5.53 (d. I H. 
J1 .2  = 5.1 HZ, C(1)-H), 6.79, 6.87 (s. lH cach, Ar): mass spcc- 
trum, m/z (assignmcnt): 248 (M'). 178 (5,6-diniethoxyisobcnzo- 
furan). Atlnl. calcd. for C14H1601: C 67.73. H 6.50; found: C 67.54. 
H 6.87. Exo Adduct: nip 88-90°C; ir (CHCI,): 17 10 (C=O) cm- ' ;  
'Hmr (CDCI 80 MHz), 6: 1.66 (dd. IH. J,,..,p = 11.5, 
J2.? ,  = 8.8 Hz, C(3a)-H), 2.88 (s, 3H, COCH,), 2.29 (ddd, IH, 
J,,,,,13 = 11.5, J3IJ.4 4.6, Jz.3a = 4.4 HZ, C(3P)-H), 2.59 (dd, 
IH, Jz.,,. = 8.8, J2.lp = 4.4 HZ. (C(2)-H), 3.87 (s, 6H, 
2 X OCH3), 5.43 (d, IH, JjP,, = 4.6 HZ, C(4)-H), 5.50 (s, IH. 
C(1)-H), 6.89 (s, 2H, Ar): mass spcctrum, n ~ / z  (assignmcnt): 248 
(M'), 178(5,6-dimcthoxyisobenzofuran): Arltrl. calcd. for C14Hlf,0f,: 
C 67.73, H 6.50; found C 67.76, H 6.62. 

Comnpoltrld C5e 
Acctal A5 (0.5 g, 2 mmol). glacial acctic acid (0.5 mL), acrylo- 

nitrile (6 cquiv., frcshly distillcd, and 1% hydroquinonc addcd as an 
inhibitor), and CHCI, (5 mL) wcrc trcatcd as abovc for 4 h. Thc 
addition of cthcr to thc oil affordcd et~do crystals (64%). The 'Hmr 
showcd an e~~do/e,ro ratio 9 :  1 and the e.ro adduct could not bc iso- 
lated. Etztlo Adduct: n ~ p  184-187°C; ir (CHCI,): 2200 (CN) cm-';  
'Hmr (CDCI,, 80 MHz), 6: 1.6 1 (dd, l H, Jz,,.lu = I I .6, J2.3, = 4.03 
HZ, C(3&)-H), 2.52 (ddd, IH, J1,,,3p = 11.6, Jz,,l,.= 10.6. 
Jzp.4 = 4.15 Hz, C(3P)-H). 3.19 (ddd, IH, J1.? = 4.15, 
J~J , ,  = 4.03, Jz.3, = 10.6 HZ, C(2)-H), 3.88 (s, 6H, 2 X OCHI), 
4.57 (t, 2H, J ,  = J,,, = 4.15, C(1) and C(4)-H), 6.91, 7.05 (s,  
1H cach, Ar); mass spcctrum, tn/z (assignmcnt): 231 (M'), 178 
(5,6-dimethoxyisobenzofuran). Atznl. calcd. for C,,H,,NO,: C 67.52. 
H 5.67, N 6.06; found: C 67.35. H 5.72, N 6.12. 

Cotnpoltrzd C5f 
Acctal A5 (0.5 g, 2.0 mmol), glacial acctic acid (0.2 mL), 

a-chloroacrylonitrilc (0.5 mL). and CH2CI2 (10 mL) werc trcated as 
abovc for 18 h. The oil was run through a silica gcl colun~n, but failcd 
to crystallize upon the addition of ethcr (70%). There was a major and 
minor iso~ncr (7: 3) but thc stcreochcmistry could not be detcrmincd; 
ir (CHCI,): 1205 (C-0) cm- ' ;  mass spcctrum, rll/z (assignment): 
265 (M'),  178 (5.6-dimcthoxyisobcnzofuran). The 'Hmr (CDCI,, 80 
MHz), minor isomer, 6: 2.39 (d, IH, J3,r.31J = 12.9 Hz, C(3P)-H). 

.. . 2.75 (dd, lH,J in .Ja  = 12.9,Jim.4 = 4.4 HZ, c(3~i)-H), 3.91, 3.94, 
. . .. . .. . (s,  3H each 2 x OCH,), 5.4-5.6 (m, 2H, C(I),  C(4)-H), 7.13, 

7.40 (s, 1H cach, Ar); major isomcr, 6: 1.84 (d, IH. J,,,,, = 12.7 
Hz, C(3P)-H), 3.10 (dd, IH, JiCr..le = 12.7, J3,,,4 = 4.9 HZ, 
C(3a)-H), 3.87 (s, 6H, 2 X OCH,), 5.4-5.6 (m, 2H. C(1) arrd 
C(4)-H), 6.90, 7.05 (s. 1H each Ar). 

Cotnpolrrld C5h 
Acetal A5 (0.5 g, 2.0 mmol), glacial acetic acid (0.5 mL), mcthyl 

acrylatc (3 equiv:, freshly distilled, and 1% hydroquinonc added as an 
inhibitor), and CHCl, (10 mL) were treated as above for 10 h. Addi- 
tion of ether afforded the endo isomer. Attempts to isolate the exo 
isomer were unsuccessful. The etldo/exo ratio was 3:2 and the yield 
was 50%. Endo Adduct: mp 105-107°C; ir (CHCI,): 1740 (C=O) 
cm-l .  , 1 Hmr (CDCI,, 80 MHz), 6: 1.74 (dd, IH, J,,.,, = 11.6, 

Jz.3" 3.8 Hz, C(3a)-H), 2.31 (ddd, IH, J,,..,, = 11.6, 
J3p.4.= 5.16, J2.3, = 10.3 HZ, C(3P)-H), 3.4 (ddd, IH, 
J1.2 = 5.16, 52.30 = 3.8, Jz.3, = 10.3 HZ, C(2)-H), 3.52 (s, 3H, 
-C02CH3), 3.82, 3.85 (s, 3H each, 2 x OCH,), 5.39 (d, IH, 
J3p.4 = 5.16 HZ, C(4)-H), 5.50 (d, IH, JI.z = 5.16 Hz, C(1)-H), 
6.8, 6.85 (s, IH each, Ar); mass spectrum, tn/z (assignment): 264 
(M'), 178 (5,6-dimethoxyisobenzofuran). Atlnl. calcd. for CI4Hl6O5: 
63.63, H 6.10; found: C 63.24, H 6.32. 

Cornponmztl C5 i 
Acctal A5 (1.02 g), glacial acetic acid (0.41 mL), acrolein 

(1.14 mL). and CHCI (10 rnL) wcrc trcatcd as abovc for 30 11. Thc 
addition of cthcr affordctl et~tlo crystals. Thc oil from thc mothcr 
liquor was placcd on a silica gcl colun~n. Thc fastcs spot (R, = 0.55) 
gavc elldo crystals and thc slowcr spot ( R ,  = 0.57) r.ro crystas upon 
thc addition of cthcr (63%); etrtlo/e.ro ratio 3:2) .  ~trtlo Adduct:: rnp 
103- 104°C; ir (KBr): 1720 C=O). 2720 (CHO) crn '; ' ~ m r  
(CDCI,. 80 MHz). scc Tablc 3. High rcsolution n ~ s  calcd. for 
C13H,,04: 234.0892: found: 234.0884. cj.ro Adduct: rnp 73-74°C; ir 
(KBr): 17 15 (C=O), 27 I0 (CHO) crn ' ;  ' ~ m s  (CDCI,, 400 MHz), 
scc Tablc 3. High rcsolution ms calctl. for C ,  ,HI40,: 234.0892; found: 
234.0903. 

Cotlzpolrt~rl C5d 
Into a rcfluxing solution of 2-butcnolidc (0.4 g, 4.75 rnmol) and 

CHCI, (10 mL) was added a mixturc of acctal A5 (0.46 g. 1.9 mmol), 
glacial acctic acid (0.2 mL), and CHCI, ( I0 mL). Aftcr48 hat rcflux, 
thc rcsolution was coolcd and saturatcd bicarbonatc addcd until thc 
acctic acid was ncutralizcd. Thc CHCl, was scparatcd. tlricd 
(Na2S04), and rcmovcd ir~ iltrc.lro to lcavc an oil. Thc cxccss buteno- 
lide was rcniovcd \,irr a high vacuurll distillation. Thc rc~naining oil 
was passcd through a silica pcl colunln. Thc fastcr spot (R1 = 0.6) 
gavc ero crystals and thc slowcr (R, = 0.53) et~tlo crystals upon thc 
addition of cther/CH2C1,. Thc yicld was 72% and thc er~tlo/ei-o ratio 
was 1 :2  ero Aduct. mp 177- 178°C: ir (CHCI,): 1765 (C=O) cm '; 
'Hmr (CDCI1, 80 MHz), 6: 2.6-3.0 (m, 2H, C(2) and C(3)-H), 
3.85 (s, 6H, 2 X OCH,). 4.2-4.8 (m, 2H. -CH20-), 5.29 (s ,  I H, 
C(4)-H). 5.65 (s, l H. C( I )-H), 6.87, 6.92 (s. 1 H cach, Ar); mass 
spcctrum. t11/z (assignment): 262 (M'). 178 (5.6-dimethoxyisobcnzo- 
furan). At1t11. calcd. for Cl4HI4O5: C 64.12, H 5.38: found C 63.91, 
H 5.33. etltlo Adduct: mp 184-185°C; ir (CHCI,): 1765 (C=O) 
cn1-'; 'Hmr (CDCI,, 80 MHz), 6: 3.4-4.3 (m. 4H. C(2,3) and 
-CH,O-), 3.85, 3.87 (s, 3H cach, 2 X OCH,), 5.4 (d, IH, 
J 3 . 4  = 5.1 HZ, C(4)-H), 5.59 (d, 1H. J1.2 = 5.02 HZ, C(1)-H), 
6.93 (s. 2H, Ar); mass spcctrum, tt~/z (assignmcnt): 262 (M'),  178 
(5.6-din~cthoxyisobcnzofuran). Arltrl. calcd. for Cl4HI4O5: C 64.12. 
H 5.38; found: C 63.80. H 5.28. 

Cotnpo~lmrtl C5g 
To a mixturc of acctal A5 (0.5 g, 2.0 mmol) and glacial acctic acid 

(0.2 mL) was addcd acctic anhydride (0. I mL) and malcic anhydride 
(0.6 g, 6.1 mmol) in CH2C12 (5 mL). The mixture was rcfluxcd 24 h, 
coolcd, and saturatcd bicarbonatc addcd until neutral. Thc CH2CI, was 
dried (NaZS04) and rcmovcd it1 vtrclto to lcavc an oil. Tlic addition of 
ethcr rcsultcd in a mixturc of et~do/e.vo (7:3) crystals (60%) which 
could not bc separatcd. Analyses were done on thc mixture: mp 
214-217°C; ir (KBr): 1760- 1850 (C=O) cm '; mass spectrum, 
tn/z (assignment): 276 (M'), 178 (5.6-din~cthoxyisobcnzofuran). 
AIILII. calcd. for CIIH120f,: C 60.87. H 4.38: found: C 60.53, H 4.52. 
Thc 'Hmr (CDC13, 80 MHz). et~tlo isomer: 6: 3.87 (s, 6H, 
2 X OCH,), 4.00 (m,  2H, C(2) and C(3)-H). 5.70 (m, 2H, C( I )  and 
C(4)-H). 6.90 (s, 2H, Ar); eso isonicr; 6: 3.20 (s,  2H, C(2) and 
C(3)-H). 3.87 (s. 6H, 2 X OCH?), 5.85 ( s .  2H, C(I)  and 
C(4)-H). 6.96 (s, 2H, Ar). 
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