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an equilibrium is rapidly attained between the imine, benz- 
aldehyde (6 9.97, CHO), and benzylamine ( 6  4.08, CH,). After 
1.5 h, the equilibrium composition as indicated by the 'H NMR 
spectrum is identical with that observed after 22 and 45 h, except 
that significant broadening of the methylene signal of benzylamine 
is seen owing to exchange of the NH2 protons as they become more 
highly deuterated. No exchange of benzyl methylene protons is 
observed (the phenyl/CH2 ratio remains constant at 2.5). In a 
parallel experiment the 'H NMR spectrum of a solution of the 
imine (0.11 g) in CD&N (1.0 mL) and D20 (0.11 g) and tri- 
ethylamine (0.02 g) remained virtually unchanged during 24 h. 
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An approach known to give regiospecific cycloadditions over a wide range of substrates has been applied to 
the synthesis of (*)+entilagone and (A:)-ventiloquinone H using a novel, electron-rich heterocyclic diene. The 
strategy provides for the sole formation of the natural, thermodynamically less stable diastereoisomer. As a basis 
for comparison of the spectral data, (*)+entilagone 7-methyl ether was equilibrated and hydrolyzed to a mixture 
containing (&)-isoventilagone, a prototype of the heretofore unidentified trans series of compounds. Convenient 
substrates for eventual access to the more highly substituted natural products have also been obtained. 

Although both cis and trans configurations are known 
in the case of naturally occurring benzisochroman-5,lO- 
quinones (e.g., eleutherin and isoeleutherin), only the cis 
modification seems to  far to  have been attributed to  the 
6,9-isomer~.'?~ The  structure of ventilagone (la) is now 
well established from an X-ray crystallographic analysis? 
and its NMR spectrum has been correlated to  those of 
more recently isolated pigments.2 However, no basis for 
comparison is available for isomeric materials, and this 
study shows that spectroscopic (mainly NMR) differences 
between the two diastereoisomeric series are indeed quite 
small in this area. 

Many approaches have been proposed for the synthesis 
of natural benziso~hroman-5,lO-quinones~~~~ but with the 
exception of one unsuccessful attempt3 none has been 
devised for the 6,g-isomers such as ventilagone (la) and 
ventiloquinones H (18) and I (2L2 These juglone deriva- 
tives were nevertheless expected to  be readily accessible 
by the Diels-Alder methodology involving halogenated 
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quinones and electron-rich dienes5 if an unusual hetero- 
cyclic reagent such as 7 were readily available. 

A convenient route to a practical substrate is provided 
by two similar methods for the preparation of dihydro-7- 
pyrones.68' In a slight modification of the more recent of 
the two, methyl acetoacetate and crotonyl chloride were 
condensed in the presence of magnesium methylate to 
provide a n  80% yield of 5,6-dihydro-3-(methoxy- 
carbonyl)-2,6-dimethylpyran-4-one (3). Catalytic hydro- 
genation of a bicyclic product6 analogous to  the latter had 
previously shown tha t  the 2,3 double bond was affected 
selectively albeit very slowly. However, when carried out 
on dihydropyrone 3 a t  3 a tm and in the presence of 10% 
palladized charcoal, the reaction was quite as satisfactory 
and far more rapid. 

I t  was expected a t  this point tha t  subsequent steps 
would either require a separation of isomers or have to be 
conducted on a mixture of substrates. However, only one 
product was isolated and corresponds to (&)-stereoisomer 
4 in which, according to the NMR spectrum, all substitu- 
ents show equatorial orientations, i.e., the methyl groups 
are cis to one another. Examination of the mother liquors 
does not reveal the presence of another epimeric product. 
This serendipitous result was particularly encouraging 

(5) Savard, J.; Brassard, P. Tetrahedron 1984, 40, 3455. 
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since to our knowledge only one other method of forming 
l,&disubstituted benzisochromanquinones solely affords 
the cis isomer.4b 

Conversion of @-keto ester 4 to olefin 6 was advanta- 
geously realized by the coupling8 of lithium dimethyl- 
cuprate with the corresponding enol phosphate 5 (a low 
yield, as yet unoptimized, of the 4-methylene isomerg has 
also been obtained directly from 4 by using a phase- 
transfer modificationlo of the Wittig reaction). Finally, 
a kinetically controlled enolsilylation'l of unsaturated 
esters 6 provided the required heterocyclic diene 7 which, 
according to its 200-MHz NMR spectrum, consists of only 
one detectable isomer. This labile substance, having 
presumably the E configuration, rearranges slowly a t  room 
temperature to the C-silylated12 compound and so cannot 
be purified by distillation. However, when freshly pre- 
pared, the diene contains about 8% of the rearranged 
product, is otherwise quite pure, and can be used directly 
since the contaminant does not interfere with the desired 
cycloaddition (Scheme I). 

An eventual synthesis of ventilagone (la) by this ap- 
proach requires the use of 2-hydroxy (or methoxy)-3- 
methyl-5-bromo (or chloro)benzoquinone, e.g., 14. Nu- 
merous attempts to oxidize 2-methyl-4,6-dibromoresorcinol 
or the dimethyl ether by ceric, ferric, periodate, or chro- 
mate ions under a variety of conditiolis either were un- 
successful or gave dimeric products. A Thiele reaction 
applied to 6-bromotoluquinone provided only the un- 
wanted isomer, while a peroxide oxidation of toluhydro- 
quinone failed to yield the expected 3,5-dihydroxytolu- 
quinone. Although a somewhat inconvenient syn thes i~ '~  

(8) Sum, F.-W.; Weiler, L. Can. J. Chem. 1979,57, 1431. 
(9) Cbt6, B.; Brassard, P., unpublished results. 
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2089. Anderson, G.; Cameron, D. W.; Feutrill, G. I.; Read, R. W. Tet- 
rahedron Lett. 1981,21, 4347. 
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of quinone 14 is available, an experimentally more simple 
modification was devised involving an improved prepara- 
tion of monomethyl ether 8, dibromination of the latter, 
and finally oxidation of phenol 9 with chromic acid in 
aqueous acetic acid14 (an attempted monomethylation of 
4,6-dibromo-2-methylresorcinol gave only 12% of the de- 
sired product). Other halogenated benzoquinones (10-13) 
are readily available by standard methods (see the Ex- 
perimental Section; Scheme 11). 

Diene 7 reacts rapidly even a t  0 "C in dichloromethane 
with a number of benzoquinones (10-14), and after aro- 
matization of the adducts with concentrated HC1 in T H F  
the corresponding benzisochroman-6,9-quinones can gen- 
erally be isolated in good-to-excellent yield. Only 5- 
chloro-2-methoxybenzoquinone (1 1) responded sluggishly 
and did not provide more than 41% of the desired product. 
Optimization will be required in this case since the product 
is one of the choice substrates for eventual syntheses of 
the more substituted members of this series. 

In this way (A)-ventiloquinone H (18) is produced di- 
rectly from the diene and benzoquinone 1315 with a 97% 
conversion (Scheme 111). Treatment of this substance with 
concentrated HCl in ethanol as it was carried out for the 
natural product provided (f)-ventiloquinone I (2) in nearly 
quantitative yield. The 7-methyl ether (19a) of ventilagone 
was also obtained accordingly from benzoquinone 14 
(75%), but cleavage of the latter to (fbventilagone proved 
unexpectedly difficult. Various procedures of basic hy- 

(14) Kehrmann, F. Chem. Ber. 1915,48,2021. 
(15) Matsumoto, M.; Kobayashi, H. J. Org. Chem. 1985, 50, 1766. 
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drolysis involving such reagents as 5% aqueous16 and 1 % 
methanolic NaOH produced the expected color changes 
(violet to red) but yielded only an intractable material 
(dimeric?) while from 10% aqueous NazC03" unchanged 
19a was recovered. When an unmethoxylated substrate 
(i.e., 17) was subjected to strongly basic conditions to de- 
termine whether or not ventilagone could be an artifact 
(since the natural product was isolated from such a me- 
diumls), neither ventilagone nor the original quinone could 
be isolated. However, since the nor-analogue 16 could 
readily be demethylated in this way, a strong presumption 
occurs that reactive quinonemethides are formed in the 
other instances. 

Hydrolysis of ventilagone 7-methyl ether (19a) in a 1:l 
mixture of concentrated HC1 and acetic acid at  90 OC1' for 
30 min was next attempted, although it is well establi~hed'~ 
that electronic effects render 2-methoxyjuglones particu- 
larly difficult to cleave under acidic conditions. Exami- 
nation of the reaction mixture revealed tha t  no demeth- 
ylation had occurred but tha t  about half of the substrate 
had assumed the more stable trans configuration, i.e., l b  
(Scheme IV). 

The surest if not the simplest solution to the problem 
consisted in methylating the peri-hydroxyl group in pos- 
ition 10, responsible for the resistance to hydrolysis of the 
7-methoxyl group. Acidic hydrolysis of this diether in the 
usual way'@ produced ventilagone (la) and the 10-methyl 
ether in a 1:3.2 ratio without epimerization. Finally sub- 
mitting this crude mixture directly to anhydrous AlC1, in 
CH,Cl, at  room temperature completed the demethylation 
but also induced a small amount of the isomerized product, 
isoventilagone (-4%), which could be eliminated by 
chromatography on deactivated silica gel (Scheme IV). 

Since the characteristics of the trans isomers in this 
specific series do not seem to have been previously pub- 
lished, an attempt was made to  obtain a t  least one rep- 
resentative for comparison purposes. By refluxing ven- 
tilagone 7-methyl ether (19a) in a 1:l  mixture of concen- 
trated HC1 and ethanol for 24 h, both pairs of epimers of 
1 and 19 could be detected among the products in which 
l b  (i.e., isoventilagone) predominated and could be readily 
isolated. 

The spectral data  for all synthetic benzisochroman- 
6,9-quinones are consistent with those published for the 
same or analogous natural products2 (in the original paper 
some coupling constants had inadvertently been inter- 
changed, i.e., in the case of ventiloquinone H).20 The 
400-MHz NMR spectra of compounds in the cis series, in 
conjunction with decoupling experiments, reveal a more 
detailed picture of the complex interactions than previ- 
ously noted. Thus, both protons a t  C-4 are coupled with 
the one at  C-5, while the axial hydrogens C-1 and C-3 also 
give rise to a small but difficultly evaluated coupling. In 
comparison, the is0 series (i.e., 19b), as expected, show 
smaller long-distance coupling constants that  are not 
readily determined even by double irradiation. 13C NMR 
data are also quite comparable to known values both for 
cis and analogous trans configurationsz1 and confirm that 
differences between the two groups occur mainly a t  C-3. 
Mass spectroscopy reveals essentially the same decompo- 
sition patterns in both series with base peaks a t  M - 15, 

Blouin et al. 
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(20) Thomson, R. H., private communication. 
(21) Krone, B.; Zeeck, A. Justus Liebigs Ann. Chem. 1987, 751. 
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hedron 1967,23, 3271. 

characteristic fragments a M - 14, M - 33, M - 43, and M 
- 57 and a common product of mass 115. 

Experimental Section 
All melting points were taken for samples in capillary tubes 

with a Thomas-Hoover apparatus and are not corrected. The UV 
spectra were determined on a Perkin-Elmer Lambda 5 spectro- 
photometer; the IR spectra on a Beckman Model IR-4250 in- 
strument and calibrated with a film of polystyrene. NMR spectra 
were recorded with Varian XL-200 and Bruker WH-400 spec- 
trometers using tetramethylsilane and, for C6D6 solutions, C6HDS 
as standards. The 400-MHz spectra were provided by the La- 
boratoire regional de RMN 1 haut champ (Universit4 de MontrBal, 
Montreal). (Some coupling constants were verified by spin-spin 
decoupling.) For closely spaced 13C NMR signals, assignments 
with an asterisk may be interchangeable. Mass spectra were 
obtained with a Hewlett-Packard 5995A spectrometer. Merck 
silica gel 60F, for dry column chromatography and ICN SiliTech 
32-63 60A for flash chromatography were used throughout in a 
product-to-adsorbent ratio of 1:50-100. A deactivated absorbent 
was obtained from silica gel (300 g) and 2% aqueous oxalic acid 
(800 mL). Elemental analyses were carried out by Galbraith 
Laboratories, Inc., Knoxville, TN. 

A. Preparation of Heterocyclic Diene 7. 3-Carbometh- 
oxy-5,6-dihydro-2,6-dimethyl-4-pyrone (3). This compound 
was prepared from methyl acetoacetate (116.1 g, 1.00 mol), cro- 
tonyl chloride (115.0 g, 1.10 mol), magnesium (26.0 g, 1.10 mol), 
and methanol (105 mL), essentially according to  the published 
procedure7 but substituting a crystal of iodine for the CCl,. 
Fractional distillation of the crude product gave pure dihydro- 
pyrone 3 (147.0 g, 80%): bp 90-92 "C/0.3 mmHg; IR u, (film) 
2985,2945,1725,1675, and 1600 cm-'; 'H NMR (200 MHz, CDCl,) 
6 1.48 (3 H, d, J = 6.4 Hz, 6-CH3), 2.23 (3 H, S, 2-CH3), 2.49 (2 
H, d, J = 8.2 Hz, 5-H), 3.82 (3 H, s, 3-COzCH3), and 4.57 (1 H, 

(C-6a), 20.36 (C-2a), 42.24 (C-5), 51.84 (MeO-3a), 75.51 (C-6), 
111.67 (C-3), 165.77 (C-3a), 177.21 (C-2), and 187.74 (C-4); MS, 
m/z  184 (M'). 
r-3-Carbomethoxy-2,3,5,6-tetrahydro-t-2,t-6-dimethyl-l- 

pyrone (4). Hydrogenation of dihydropyrone 3 (12.89 g, 70.0 
mmol) in methanol (140 mL) over 10% palladized charcoal (400 
mg) for 5 h at 40 psi gave the tetrahydro derivative 4 (16.30 g, 
88%), mp 70.5-71.5 "C (hexane) as a single (&)-isomer; IR v,, 
(KBr) 2965, 2880, 1745, and 1715 cm-*; 'H NMR (200 MHz, 
CDCl,) 6 1.33 and 1.34 (2 X 3 H, 2d, J = 6.0 Hz, 2,6-CHJ, 2.20-2.51 
(2 H, AB part of ABX system, JAB = 14.3 Hz, J A X , ~ ~  = 10.5 Hz, 

H, s, 3-COzCH3), 3.86 (1 H, m, 6-H), and 4.02 (1 H, dq, J = 10.5, 
6.0 Hz, 2-H); 13C NMR (50.3 MHz, CDC1,) 6 20.72 (C-6a), 21.81 
(C-2a), 48.19 (C-5), 51.95 (MeO-3a), 63.89 (C-3), 72.93 (C-6), 74.56 
(C-2), 168.26 (C-3a), and 201.69 (C-4); MS, m/z  186 (M)'. Anal. 
Calcd for CsH1404: C, 58.06; H, 7.53. Found: C, 57.86; H, 7.59. 

Diethyl Enol Phosphate 5 of &Keto Ester 4. Dihydropyran 
5 was prepared from &keto ester 4 (46.55 g, 0.250 mol) in dry ether 
(400 mL)-added (3 h) under nitrogen to NaH (6.60 g, 0.275 mol) 
in the same solvent (300 mL) at 0 "C-and diethyl chloro- 
phosphate (47.75 g, 0.275 mol, 45 min) as described earlier in a 
general method.8 The crude enol phosphate 5 (76.2 g, 95%) was 
used in the next step without further purification; IR u,, (film) 
2970,1725, and 1025 cm-'; 'H NMR (200 MHz, CDC13) 6 1.28 and 
1.29 (2 X 3 H, 2 d, J = 6.2 Hz, 2,6-CH3), 1.36 (6 H, m, 4-OPO- 
(OCHZCH3),), 2.43 (2 H, m, 5-H), 3.69 (1 H, m, 6-H), 3.76 (3 H, 
s, 3-COzCH3), 4.20 (4 H, m, 4-OPO(OCHzCH3)z), and 4.58 (1 H, 
m, 2-H); MS, m/z  322 (M)'. 

cis -3-Carbomet hoxy-5,6-dihydro-2,4,6-trimethyl-2H-pyran 
(6).  To a solution of lithium dimethylcuprate (-0.165 mol) at 
-78 "C, prepared by addition of methyllithium (236 mL of a 1.4 
M solution in ether, 0.330 mol) to a suspension of purifiedz2 CUI 
(31.42 g, 0.165 mol) in ether (330 mL) at -10 OC under nitrogen, 
was added dropwise (75 min) enol phosphate 5 (35.45 g, 0.110 mol) 
in the same solvent (150 mL). The reaction mixture, still under 
inert atmosphere, was stirred for 3 h at -78 "C, allowed to warm 

qt, J = 6.4, 8.2 Hz, 6-H); 13C NMR (50.3 MHz, CDC13) 6 20.08 

J B X , d c d  = 3.2 Hz, 5-H), 3.20 (1 H, d, J = 10.6 Hz, 3-H), 3.78 (3 

(22) House, H. 0.; Umen, M. J. J .  Org. Chem. 1973, 38, 3893. 
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to 0 "C, and worked up as in the original procedure.* Fractional 
distillation of the crude residue gave unsaturated ester 6 (15.03 
g, 74%): bp 103-105 "C/14 mmHg; IR v,, (film) 2970,1715,1650, 
and 1240 cm-'; 'H NMR (200 MHz, CDC13) 6 1.24 (6 H, d, J = 
6.2 Hz, 2,6-CH3), 1.84-2.25 (2 H, m, 5-H), 1.94 (3 H, br s, 4-CH,), 

and 4.52 (1 H, m, 2-H); 13C NMR (50.3 MHz, CDClJ 6 20.36 
(C-6a), 20.83 (C-4a), 21.14 (C-2a), 39.36 ((24, 50.93 (MeO-3a), 
68.78 (C-6), 71.29 (C-2), 128.75 (C-3), 140.25 (C-4), and 167.95 
(C-3a); MS, m/z 184 (M)'. Anal. Calcd for C10H1603: C, 65.22; 
H, 8.70. Found: C, 65.11; H, 8.53. 

(E)-cis -3-(Methoxy(trimethylsiloxy)methylene)-2,6-di- 
methyl-4-methylenetrahydropyran (7). To a solution of LDA 
prepared at 0 "C from n-butyllithium (39.0 mL of a 1.55 M 
solution of n-butyllithium in hexane, 60.0 mmol) and dry diiso- 
propylamine (5.57 g, 55.0 "01) in anhydrous THF (30 min) under 
nitrogen, cooled to -78 "C, was added chlorotrimethylsilane (8.15 
g, 75.0 mmol) in the same solvent (10 mL, 30 min) and finally 
unsaturated ester 6 (9.21 g, 50.0 mmol) in THF (12.5 mL, 1.5 h). 
The reaction mixture was concentrated under vacuum at 20 "C, 
and the residue extracted with light petroleum ether (bp 35-60 
"C, 250 mL). Upon evaporation of the extract, the residue was 
again taken in petroleum ether (130 mL). Filtration of the re- 
sultant suspension and evaporation of the filtrate yielded the crude 
diene as a very pale yellow oil (13.88 9): IR v, (film) 2965,1650, 
1250,1065,855, and 840 cm-'; 'H NMR (200 MHz, CDCl,) 6 0.20 

d, J = 6.2 Hz, 2-CH3), 2.19 (1 H, ddt, J = 16.1,11.0, 1.8 Hz, &Ha), 
2.42 (1 H, ddt, J = 16.1,2.2, 1.8 Hz, &He), 3.53 (3 H, s, =COCH,), 
3.56 (1 H, m, 6-H), 4.55 (1 H, q, J = 6.2 Hz, 2-H), 4.98 and 5.11 
(2 X 1 H, 2 m, =CHz); MS, m/z 256 (M)+. 

B. Preparation of 5-Bromo-2-methoxy-3-methyl-1,4- 
benzoquinone (14). 3-Methoxy-%-methylphenol (8). Of the 
several methodsz3 available for the preparation of phenol 8, the 
following modification of the Kirkemo and Whitezk procedure 
was found to be the most satisfactory. Dimethyl sulfate (12.80 
g, 0.100 mol) was added dropwise over 30 min to a boiling aqueous 
solution of 2-methylresorcinol(12.40 g, 0.100 mol) and NaOH (4.00 
g, 0.100 mol). After this was cooled, an additional portion of 
NaOH (6.00,0.150 mol) was added, and the reaction mixture was 
extracted with chloroform (3 X 40 mL). Upon evaporation of the 
organic phase, the residue was found to contain some of phenol 
8 and so was again partitioned between 2 N NaOH (200 mL) and 
chloroform (3 X 70 mL). The aqueous extracts were worked up 
as in the original method and provided 8.54 g (62%) of discolored 
but homogeneous phenol 8. Purification of the latter by distil- 
lation give pure phenol 8 (5.92 g, 43%), bp 64-65 "C/0.2 mmHg. 
4,6-Dibromo-3-methoxy-2-methylphenol (9). Addition of 

Brz (20.78 g, 0.130 mol) in CCl, (40 mL, 75 min) to phenol 8 (8.98 
g, 0.065 mol) in the same solvent (20 mL) was carried out at room 
temperature. The reaction mixture was stirred for 2 h and 
evaporated, giving phenol 9 (16.85 g, 87%), mp 71.0-71.5 "C 
(petroleum ether, bp 65-110 "C) (lit.', mp 74 "C); IR v , ~  (KBr) 
3415,1580, and 1455 cm-'; 'H NMR (200 MHz, CDCl,) 6 2.27 (3 
H, s, 2-CH3), 3.78 (3 H, s, 3-OCH3), 5.54 (1 H, s, 1-OH), and 7.50 
(1 H, s, 5-H); MS, m/z  298/296/294 (M)'. 
5-Bromo-2-methoxy-3-methyl-l,4-benzoquinone (14). A 

solution of CrO, (5.80 g, 0.058 mol) in 60% aqueous acetic acid 
(35 mL) was added (25 min) a t  room temperature to dibromo- 
phenol 9 (5.92 g, 0.020 mol) in glacial acetic acid (30 mL). The 
mixture was stirred for 30 min, then kept at 50 "C for 90 min, 
and finally poured into water (300 mL) and extracted with CHC1, 
(4 X 140 mL). The organic phases were washed with water (7 
x 200 mL), dried, and evaporated. Purification of the residue 
by chromatography (CHZClz) afforded benzoquinone 14 (2.03 g, 
44%): mp 69.C-69.5 "C (aqueous methanol; (lit.', mp 65 "C); IR 
Y, (KBr) 3050,2960,2860,1665,1625, and 1590 cm-'; 'H NMR 
(200 MHz, CDCl,) 6 2.02 (3 H, s, 3-CH,), 4.06 (3 H, s, 2-OCH3), 
and 7.12 (1 H, s, 6-H); MS, m/z  232/230 (M)+. 
C. Preparation of Benzisochroman-6,s-quinones. General 

Method. A solution of diene 7 (769 mg, 3.00 mmol) in dry di- 
chloromethane (6 mL) was added dropwise over 10 min to the 

3.62 (1 H, ddq, J = 9.9, 6.2,3.3 Hz, 6-H), 3.74 (3 H, 9, 3-COzCH,), 

(9 H, S, =COTMS), 1.16 (3 H, d, J = 6.2 Hz, 6-CH3), 1.22 (3 H, 

(23) (a) Jones, E. T.; Robertson, A. J. Chem. SOC. 1930, 1699. (b) 
Rashid, A.; Read, G. J .  Chem. SOC. C 1967, 1323. (c) Kirkemo, C. L.; 
White, J. D. J.  Org. Chem. 1985, 50, 1316. 
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benzoquinone (10-14) in the same solvent (14 mL) at 0 "C. The 
reaction mixture was stirred for 1 h under the same conditions 
and for an another hour at room temperature. Extra portions 
of the diene were then added at 30 min intervals if necessary until 
the presence of benzoquinone was no longer detected by TLC. 
After evaporation of the solvent at reduced pressure below 25 "C, 
the adduct was aromatized by stirring with a mixture of con- 
centrated HCl (4 mL) and THF (20 mL) for 1 h at ambient 
temperature. The benzokochromanquinone was then precipitated 
by addition of water (500 mL) and extracted with chloroform (2 
X 200 mL). 
(&)-cis -3,4,6,9-Tetrahydro- 10-hydroxy-8-methoxy- 1,3-di- 

methyl-lH-naphtho[2,3-c]pyran-6,9-dione (15). Application 
of the foregoing method to 6-chloro-2-methoxybenzoquinonez4 
(10,345 mg, 2.00 mmol) and diene 7 (3.00 mmol) and purification 
of the crude product by dry column chromatography (ethyl 
acetate-petroleum ether, bp 35-60 "C, 1:3) gave quinone 15 (434 
mg, 75%): mp 184-185 "C (toluene-petroleum ether, bp 65-110 
"C); UV A,, (MeOH) (log €1 232 (4.501, 264 (4.191, 306 (4.18), 
and 430 (3.77) nm; IR vm, (KBr) 1635 and 1595 cm-'; 'H NMR 

d, J = 6.6 Hz, l-CH,), 2.73 (2 H, irregular m, 4-H), 3.67 (1 H, m, 
3-H), 3.91 (3 H, s, 8-OCHJ, 5.06 (1 H, qt, J = 6.6, -2 Hz, 1-H), 
6.11 (1 H, s, 7-H), 7.36 (1 H, s, 5-H), and 12.33 (1 H, s, 10-OH); 

(3 H, d, J = 6.6 Hz, l-CHJ, 2.08 (1 H, ddd, J = 16.5,2.2, -2 Hz, 

8-OCH,), 3.31 (1 H, qdd, J = 5.9, 10.3, 2.2 Hz, 3-H), 5.07 (1 H, 

and 12.68 (1 H, s, 10-OH); 13C NMR (50.3 MHz, CDC13) 6 20.81 
(C-3a), 21.30 (C-la), 37.95 (C-4), 56.50 (Me0-8), 68.85 (C-3), 70.54 
(C-l), 110.05 (C-7), 111.96 (C-ga), 119.18 (C-5), 129.26 (C-5a), 
134.34 (C-loa), 145.50 (C-4a), 159.15 (C-lO)*, 159.93 (C-8)*, 183.61 
(C-6)*, and 184.40 (C-9)*; MS, m/z 288 (14) (M)', 273 (100). Anal. 
Calcd for C16H1606: C, 66.66; H, 5.59. Found: C, 66.31; H, 5.83. 

(&)-cis -3,4,6,9-Tetrahydro-lO-hydroxy-7-methoxy- 1,3-di- 
methyl-lH-naphtho[2,3-c]pyran-6,9-dione (16). In a reaction 
similar to the preceding one, 5-chloro-2-methoxybenzoquinone~ 
(11, 345 mg, 2.00 mmol) and diene 7 (3.00 + 0.20 mmol), after 
separation by dry column chromatography (ethyl acetate-pe- 
troleum ether, bp 35-60 "C, 1:4) gave quinone 16 (238 mg, 41%): 
mp 175.0-175.5 "C (methanol); W v- (MeOH) (log e) 231 (4.51), 
263 (4.20), 307 (4.11), and 438 (3.78) nm; IR v, (KBr) 1680, 1620, 
and 1585 cm-'; 'H NMR (200 MHz, CDCl,) 6 1.36 (3 H, d, J = 
5.9 Hz, 3-CH,), 1.63 (3 H, d, J = 6.2 Hz, 1-CH,), 2.72 (2 H, irregular 
m, 4-H), 3.67 (1 H, m, 3-H), 3.91 (3 H, s, 7-OCH3), 5.07 (1 H, qt, 
J = 6.2, -2 Hz, 1-H), 6.06 (1 H, s, 8-H), 7.41 (1 H, s, 5-H), and 

J = 5.9 Hz, 3-CH3), 1.86 (3 H, d, J = 6.2 Hz, l-CH,), 2.07 (1 H, 

(200 MHz, CDC13) 6 1.36 (3 H, d, J = 5.9 Hz, 3-CH3), 1.63 (3 H, 

'H NMR (200 MHz, C&) 6 1.15 (3 H, d, J =  5.9 Hz, 3-CH3), 1.81 

4-He), 2.38 (1 H, ddd, J = 16.5, 10.3, -2 Hz, 4-Ha), 2.88 (3 H, 9, 

qt, J = 6.6, -2 Hz, 1-HI, 5.66 (1 H, S, 7-H), 7.43 (1 H, S, 5-H), 

12.77 (1 H, 5, 10-OH); 'H NMR (200 MHz, C&) 6 1.16 (3 H, d, 

ddd, J = 16.5, 2.2, -2 Hz, 4-He), 2.37 (1 H, ddd, J = 16.5, 10.3, 
-2 Hz, 4-Ha), 2.87 (3 H, S, 7-OCH3), 3.32 (1 H, qdd, J = 5.9, 10.3, 
2.2 Hz, 3-H), 5.14 (1 H, qt, J = 6.2 Hz, -2 Hz, 1-H), 5.50 (1 H, 
s, 8-H), 7.35 (1 H, s, 5-H), and 13.36 (1 H, s, 10-OH); I3C NMR 
(50.3 MHz, CDCl,) 6 20.88 (C-3a), 21.39 (C-la), 37.75 (C-4), 56.61 
(Me0-7), 69.01 (C-3), 70.83 (C-l), 109.38 (C-8), 111.92 (C-ga), 
119.86 (C-5), 128.42 (C-5a), 136.15 (C-loa), 143.52 (C-4a), 158.33 
(C-lo)*, 160.82 (C-7)*, 179.35 (C-61, and 190.56 (C-9); MS, m/z  
288 (26) (M)', 273 (100). Anal. Calcd for C16H1606 C, 66.66; 
H, 5.59. Found: C, 66.77; H, 5.85. 

(&)-cis -3,4,6,9-Tetrahydro- 10-hydroxy- 1,3,8-trimethyl- 1H- 
naphtho[2,3-c]pyran-6,S-dione (17). Cycloaddition of diene 
7 (3.00 mmol) to 6-chloro-2-methylbenzoquinone'4 (12, 313 mg, 
2.00 "01) and aromatization of the resulting adduct gave quinone 
17 directly (437 mg, 80%): mp 147-148 "C (methanol); UV A, 
(MeOH) (log t) 2.19 (4.68), 260 (4.241, and 429 (3.81) nm; IR v- 
(KBr) 1660, 1630, and 1595 cm-'; 'H NMR (200 MHz, CDCl,) 
6 1.36 (3 H, d, J = 6.2 Hz, 3-CH,), 1.63 (3 H, d, J = 6.6 Hz, 1-CH,), 
2.18 (3 H, d, J = 1.5 Hz, 8-CH3), 2.72 (2 H, irregular m, 4-H), 3.67 
(1 H, m, 3-H), 5.07 (1 H, qt, J = 6.6, -2 Hz, 1-H), 6.76 (1 H, q, 
J = 1.5 Hz, 7-H), 7.32 (1 H, s, 5-H), and 12.64 (1 H, s, 10-OH); 
'H NMR (200 MHz, C&) 6 1.15 (3 H, d ,J  = 6.2 Hz, 3-CH3), 1.62 
(3 H, d, J = 1.5 Hz, 8-CH3), 1.84 (3 H, d, J = 6.6 Hz, 1-CH,), 2.07 

(24) Raiford, L. C.; Lichty, J. G. J .  Am. Chem. SOC. 1930, 52, 4576. 
Asp, L.; Lindberg, B. Acta Chem. Scand. 1950,4,60. Ioffe, I. S.; Sukhina, 
A. F. Zh. Obshch. Khim. 1953, 23, 295; Chem. Abstr. 1954, 48, 2640d. 
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(1 H, ddd, J = 16.5, 2.2, -2 Hz, 4-H,), 2.37 (1 H, ddd, J = 16.5, 
10.3, -2 Hz, 4-H,), 3.29 (1 H, qdd, J = 6.2, 10.3, 2.2 Hz, 3-H), 
5.11 (1 H, qt, J = 6.6, -2 Hz, 1-H), 6.27 (1 H, q, J = 1.5 Hz, 7-H), 
7.35 (1 H, 9, 5-H), and 12.90 (1 H, S, 10-OH); '3C NMR (50.3 MHz, 
CDC13) 6 16.01 (C-8a), 20.87 (C-3a), 21.37 (C-la), 37.87 (C-4), 68.94 
(C-3), 70.69 (C-l), 112.74 (C-ga), 118.98 (C-5), 129.59 (C-5a), 134.77 
(C-loa), 136.15 (C-7), 114.56 (C-4a), 147.92 (C-8), 158.75 (C-lo), 
183.96 (C-6), and 190.40 (C-9); MS, m/z  272 (13) (M)', 257 (100). 
Anal. Calcd for C16H1604: C, 70.58; H, 5.92. Found: C, 70.66; 
H, 5.82. 
(~)-cis-3,4,6,9-Tetrahydro-l0-hydroxy-7,8-dimethoxy-l,3- 

dimethyl-lH-naphtho[2,3-c]pyran-6,9-dione [ (f)-Ventilo- 
quinone HI (18). A similar reaction mixture obtained from 
5-chloro-2,3-dimethoxybenzoquinone15 (13,405 mg; 2.00 mmol) 
and diene 7 (3.00 + 0.20 mmol), upon purification by dry column 
chromatography (ethyl acetate-petroleum ether, bp 35-60 "C; 
1:4) afforded quinone 18 (620 mg, 97%): mp 119-120 "C (pe- 
troleum ether, bp 65-110 "C) (lit.2 mp (+)-isomer, 95-96 "C); UV 
A- (MeOH) (log e) 223 (4.53), 272 (4.35), 315 (4.13), and 434 (3.82) 
nm; IR Y, (KBr) 1655,1630, and 1600 cm-'; 'H NMR (200 MHz, 

Hz, 1-CH3), 2.70 (2 H, irregular m, 4-H), 3.66 (1 H, m, 3-H), 4.08, 
and 4.11 (2 X 3 H, 2 s, 73-OCH,), 5.05 (1 H, qt, J = 6.2, -2 Hz, 

CDCl3) 6 1.36 (3 H, d, J = 6.2 Hz, 3-CH3), 1.62 (3 H, d, J = 6.2 

1-H), 7.34 (1 H, S, 5-H), and 12.47 (1 H, 9, 10-OH); 'H NMR (400 
MHz, C&) 6 1.16 (3 H, d, J = 6.1 Hz, 3-CH3), 1.84 (3 H, d, J 

2.35 (1 H, dddd, J = 16.5, 10.5,2.1,0.9 Hz, 4-HJ 3.30 (1 H, qdd, 
J =  6.1,10,5, 2.2 Hz, 3-H), 3.61, and 3.71 (2 X 3 H, 2 S, 7,&OCH3), 

= 6.4 Hz, 1-CH,), 2.05 (1 H, dddd, J = 16.5, 2.2,1.5,0.4 Hz, 4-He), 

5.09 (1 H, qdd, J = 6.4, 2.1, 1.5 Hz, 1-H), 7.32 (1 H, br s, 5-H), 
and 12.87 (1 H, s, 10-OH); 13C NMR (50.3 MHz, CDC13) 6 20.83 
(C-3a), 21.32 (C-la), 37.75 (C-4), 61.27 (Me0-7)*, 61.56 (Me0-8)*, 
68.91 (C-3), 70.63 (C-l), 110.94 (C-ga), 119.40 (C-5), 128.19 (C-5a), 
135.19 (C-loa), 144.07 (C-4a), 146.43 (C-7)*, 147.80 (C-8)*, 158.42 
(C-lo), 180.87 (C-6), and 186.83 (C-9); MS, m / z  318 (50) (M)', 
303 (100). Anal. Calcd for C17H1806: C, 64.14; H, 5.70. Found: 
C, 64.31; H, 5.67. 

(&)-cis -3,4,6,9-Tetrahydro-lO-hydroxy-7-methoxy-1,3,8- 
trimethyl-lH-naphth0[2,3-c]pyran-6,9-dione [ (A)-Ventila- 
gone 7-Methyl Ether] (19a). A similar reaction using 5- 
bromo-2-methoxy-3-methylbenzoquinone (14,462 mg, 2.00 "01) 
and diene 7 (3.00 + 0.20 + 0.20 mmol) according to the general 
method gave quinone 19a directly (456 mg; 75%): mp 124.5-125.5 
"C (methanol) (lit.18 mp (+)-isomer, 115.5-116.5 "C); UV A,, 
(MeOH) (log e)  227 (4.51), 267 (4.25), 308 (4.09), and 441 (3.79) 
nm; IR v,, (KBr) 1660 and 1620 cm-'; 'H NMR (200 MHz, 

Hz, 1-CH,), 2.06 (3 H, s, 8-CH3), 2.70 (2 H, irregular m, 4-H), 3.67 
(1 H, m, 3-H), 4.13 (3 H, s, 7-OCH3), 5.06 (1 H, qt, J = 6.2, -2 

CDCl,) 6 1.36 (3 H, d, J = 6.2 Hz, 3-CH3), 1.62 (3 H, d, J = 6.2 

Hz, 1-H), 7.31 (1 H, S, 5-H), and 12.82 (1 H, S, 10-OH); 'H NMR 
(400 MHz, C&) 6 1.16 (3 H, d, J = 6.1 Hz, 3-H), 1.87 (3 H, d, 
J = 6.4 Hz, 1-CH,), 1.93 (3 H, S, 8-CH3), 2.06 (1 H, dddd, J = 
16.5, 2.2, 1.5, 0.4 Hz, 4-H,), 2.38 (1 H, dddd, J = 16.5, 10.5, 2.1, 
0.9 Hz, 4-Ha), 3.31 (1 H, qdd, J = 6.1, 10.5, 2.2 Hz, 3-H), 3.81 (3 
H, S, 7-OCH3), 5.13 (1 H, qdd, J = 6.4, 2.1, 1.5 Hz, 1-H), 7.30 (1 
H, br s, 5-H), and 13.25 (1 H, s, 10-OH); 13C NMR (50.3 MHz, 
CDCl,) 6 8.73 (C-8a), 20.96 (C-3a), 21.43 (C-la), 37.80 (C-4), 61.08 
(Me0-7), 69.05 (C-3), 70.83 (C-1), 112.07 (C-9a), 119.31 (C-5), 
128.99 ( M a ) ,  130.88 (C-8), 135.30 (C-loa), 143.36 (C-4a), 158.08 
(C-7)*, 158.20 (C-lo)*, 180.50 (C-6), and 191.05 (C-9); MS, m/z  
302(34) (M)+, 287 (100). Anal. Calcd for C17H1805: C, 67.54; H, 
6.00. Found: C, 67.53; H, 6.17. 

(*)-cis -3,4,6,9-Tetrahydro-8,lO-dihydroxy-7-methoxy- 1,3- 
dimethyl- l a - n a p h t  ho[ 2,3-c lpyran-6,S-dione [ (f )-Ventilo- 
quinone I] (2). A solution of (f)-ventiloquinone H (18,64 mg, 
0.20 mmol) in ethanol (60 mL) and concentrated HCl (60 mL) 
was heated to reflux for 30 min, cooled, and poured into water 
(150 mL). Extraction of the mixture with chloroform (3 X 100 
mL) provided (f)-ventiloquinone I (2,61 mg, 100%): mp 174-175 
"C (methanol-petroleum ether, bp 65-110 "C) (lit? mp (+)-isomer, 
189 "C); UV A,, (MeOH) (log e) 260 (4.29), 301 (4.11), and 419 
(3.78) nm; IR u- (KBr) 1660,1640, and 1605 cm-'; 'H NMR (200 

= 6.2 Hz, 1-CH,), 2.70 (2 H, irregular m, 4-H), 3.67 (1 H, m, 3-H), 

(1 H, s, %OH), 7.38 (1 H, s, 5-H), and 11.70 (1 H, s, 10-OH); 'H 

MHz, CDCl,) 6 1.36 (3 H, d, J = 6.2 Hz, 3-CH3), 1.62 (3 H, d, J 

4.19 (3 H, S, 7-OCH3), 5.04 (1 H, qt, J = 6.2, -2 Hz, 1-H), 6.78 

NMR (200 MHz, C&) 6 1.13 (3 H, d, J = 6.2 Hz, 3-CH3), 1.81 

(3 H, d, J = 6.2 Hz, 1-CH,), 1.99 (1 H, ddd, J = 16.5,2.2 -2 Hz, 

J = 6.2, -2 Hz, 1-H), 6.26 (1 H, br s, &OH), 7.29 (1 H, s, 5-H), 
and 11.79 (1 H, s, 10-OH); MS, m/z 304 (27) (M)+, 289 (00). Anal. 
Calcd for C16H16O6: C, 63.15; H, 5.30. Found: C, 63.10; H, 5.53. 

(&)-cis -3,4,6,9-Tetrahydro-7,lO-dimethoxy-1,3,8-tri- 
methyl-lH-naphtho[2,3-c]pyran-6,9-dione [ (f)-Ventilagone 
7,lO-Dimethyl Ether] (20). (*)-Ventilagone 7-methyl ether (19a, 
106 mg, 0.35 mmol) was methylated in the usual way with an- 
hydrous K2C03 (333 mg, 2.41 mmol) and dimethyl sulfate (293 
mg, 2.32 mmol) in refluxing acetone (100 mL, 17 h). Purification 
of the crude product by dry column chromatography (ethyl 
acetate-petroleum ether, bp 35-60 "C, 1:4) gave quinone 20 (81 
mg, 73%): mp 146.5-147.5 "c (petroleum ether, bp 65-110 "C); 
UV A, (MeOH) (log 6) 255 (4.36), 287 (4.04), and 356 (3.65) run; 
IR v,, (KBr) 1660,1640,1615, and 1585 cm-'; 'H NMR (200 MHz,  

Hz, 1-CH3), 2.08 (3 H, s, &CH& 2.74 (2 H, irregular m, 4-H), 3.67 
(1 H, m, 3-H), 3.83 (3 H, s, 10-OCH,), 4.06 (3 H, s, 7-OCH3), 5.08 
(1 H, qt, J = 6.6, -2 Hz, 1-H), and 7.62 (1 H, 8, 5-H); MS, m/z  
316 (50), 301 (100). Anal. Calcd for C18Hm05: C, 68.34; H, 6.37. 
found: C, 68.44; H, 6.48. 

(&)-cis -3,4,6,9-Tetrahydro-7,lO-dihydroxy-1,3,8-tri- 
methyl-lH-naphtho[2,3-c]pyran-6,9-dione [ (f )-Ventilagone] 
(la). A solution of (*)-ventilagone 7,lO-dimethyl ether (20, 380 
mg, 1.20 mmol) in ethanol (175 mL) and concentrated HCl(l75 
mL) was heated to reflux for 30 min and treated as in the 
preparation of (f)-ventiloquinone I. The crude product consisted 
(by NMR) of a 3.2:l mixture of (*)-ventilagone 10-methyl ether 
and (*)-ventilagone. 

The latter was dissolved in a suspension of anhydrous AlC13 
(2.08 g, 15.6 mmol) in dichloromethane (5 mL) at 0 "C. The 
mixture was then stirred at room temperature for 1 h and poured 
into ice (160 g) and concentrated HCl (75 mL). Stirring was 
continued for 17 h, and the product extracted with chloroform 
(3 x 100 mL). The residue consisted of a 261 mixture (94%) of 
(A)-ventilagone (la) and (*)-isoventilagone (lb). Separation by 
flash chromatography on deactivated silica gel (ethyl acetate- 
dichloromethane, 1:99) gave pure quinone 19a: mp 172.5-173.0 
"C (toluene) (lit.2 mp (+)-isomer, 205 "C); UV A, (MeOH) (log 
e) 269 (4.23), 307 (4.07), and 422 (3.68) nm; IR v,, (KBr) 1660, 
1645, and 1600 cm-'; 'H NMR (200 MHz, CDC13) 6 1.36 (3 H, d, 
J = 6.2 Hz, 3-CH3), 1.63 (3 H, d, J = 6.6 Hz, l-CH,), 2.07 (3 H, 
s,, 8-CH3), 2.71 (2 H, irregular m, 4-H), 3.67 (1 H, m, 3-H), 5.07 

4-He), 2.30 (1 H, ddd, J = 16.5,10.3, -2 Hz, 4-Ha), 3.26 (1 H, qdd, 
J = 6.2, 10.3, 2.2 Hz, 3-H), 3.84 (3 H, 9, T-OCHs), 5.03 (1 H, qt, 

CDC13) 6 1.37 (3 H, d, J = 6.2 Hz, 3-CH3), 1.60 (3 H, d, J = 6.6 

(1 H, qt, J = 6.6, -2 Hz, 1-H), 7.37 (1 H, 8 ,  5-H), 7.39 (1 H, 8, 
7-OH), and 13.01 (1 H, S, 10-OH); 'H NMR (400 MHz, C6D6) 6 

1.93 (3 H, 9, 8-CH3), 2.02 (1 H, dddd, J = 16.5, 2.2, 1.5, 0.4 Hz, 
4-He), 2.34 (H, dddd, J =  16.5, 10.5, 2.1,O.g Hz, 4-Ha), 3.28 (1 H, 
qdd,J=6.1,10.5,2.2H~,3-H),5.10(1H,qdd, J=6.4,2.1,  1.5 

1.15 (3 H, d, J = 6.1 Hz, 3-CH3), 1.84 (3 H, d, J = 6.4 Hz, 1-CH,), 

Hz, 1-H, 7.13 (1 H, br s, 7-OH), 7.23 (1 H, m, 5-H), and 13.38 (1 
H, s, 10-OH); 13C NMR (50.3 MHz, CDCl,) 6 8.17 (C-8a), 20.98 
(C-3a), 21.43 (C-la), 37.69 (C-4), 69.05 (C-3), 70.96 (C-l), 112.07 
(C-9a), 119.64 (C-5), 126.82 (C-8), 129.12 (C-5a), 137.23 (C-loa), 
142.94 (C-4a), 153.51 (C-7), 158.75 (C-lo), 180.27 (C-6), and 191.00 
(C-9); MS, m/z  288 (26) (M)+, 273 (100). Anal. Calcd for 
C16H1605: c, 66.66; H, 5.59. Found c, 66.71; H, 5.76. 

(*)-trans -3,4,6,9-Tetrahydro-7,lO-dihydroxy-1,3,8-tri- 
methyl-lH-naphtho[2,3-c]pyran-6,9-dione [ (*)-Isoventila- 
gone] (lb). After a solution of (&)+entilagone 7-methyl ether 
(19a, 400 mg, 1.32 mmol) in ethanol (350 mL) and concentrated 
HCl(350 mL) was heated to reflux for 24 h, as indicated above, 
a 22:ll:lO:l mixture (325 mg) of (*)-isoventilagone (lb), (A)- 
ventilagone (la), (*)-isoventilagone 7-methyl ether (19b), and 
(f)-ventilagone 7-methyl ether was obtained. Separation by dry 
column chromatography on deactivated silica gel (ethyl ace- 
tate-dichloromethane, 1:99) provided (*)-isoventilagone (lb, 117 
mg, 31%): mp 236.0-236.5 "C (toluene); UV A,, (MeOH) (log 
e) 255 (4.31), 298 (4.10), and 406 (3.72) nm; IR v, (KBr) 1655, 
1640, and 1605 cm-'; 'H NMR (400 MHz, C6D6) 6 1.14 (3 H, d, 
J = 6.1 Hz, 3-CH3), 1.59 (3 H, d, J = 6.7 Hz, l-CH,), 1.91 (3 H, 
S, 8-CH3), 2.09 (1 H, dd, J = 17.1, 3.4 Hz, 4-He), 2.21 (1 H, ddt, 
J~17.1,10.4,0.9H~,4-H,),3.73(1H,~dd,J~6.1,10.4,3.4H~, 
3-H), 5.36 (1 H, br q, J = 6.7 Hz, 1-H), 7.22 and 7.23 (2 H, 2 br 
s, 5-H and 7-OH), and 13.21 (1 H, s, 10-OH); 13C NMR (50.3 MHz, 
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Thomson for the provision of samples of ventilagone and 

Registry No. la, 124917-66-4; l a  (10-methyl ester), 124821- 

CDCIS) 6 8.15 (Ma) ,  19.14 (C-3a), 21.63 (C-la), 36.33 (C-4), 69.39 

(C-loa), 144.19 (C-4a), 153.58 (C-7), and 157.82 (C-10) (other 
(c-3), 68.34 (c-1),111.80 (C-ga), 119.77 (c-5), 126.99 (C-8),137.19 

273 (loo)' Anal* 
Calcd for C16H1605: c, 66*66; H? 5'59' Found: c* 66*61; H* 5*73* 

ventiloquinone H. 

11-0; lb,  124917-67-5; 2, 124917-65-3; 3, 124854-79-1; 4, 124821- 
02-9; 5, 124821-03-0; 6, 12482144-1; 7, 124821-05-2; 8, 6971-52-4; 
9, 88010-47-3; 10, 54490-80-1; 11, 24605-23-0; 12, 1123-64-4; 13, 

were too weak); MS, m / 2  288 (16) 
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The titled compounds 20, 21, and 22 have been prepared in modest yields by a two-step reaction involving 
first the reaction of bromoarenes 3, 7, and 8 with lithioalkyl- and lithioarylacetonitriles under aryne-forming 
conditions. The cyano products 10, 14. and 16 so formed were then converted to the corresponding iso- 
chroman-3-ones by acidic hydrolysis. 

Introduction 
Spangler' has shown tha t  gas-phase pyrolysis of iso- 

chroman-3-ones furnishes synthetically useful o-quinodi- 
methanes, several of which have served as valuable in- 
termediates in natural product synthesis.2 For example, 
the key step in the synthesis of deoxyisosikkimotoxin in- 
volves trapping the  o-quinodimethane, obtained by the 
pyrolysis of the corresponding 6,7-dimethoxyisochroman- 
3-one, with N-phenylmaleimide.3 3-Isochromanones have 
also been converted by nonpyrolytic means to  derivatives 
of i s ~ q u i n o l i n e , ~  th io i s~qu ino l ine ,~  and  epoxyethano- 
phenanthrene.6 

Scheme I 

R"CH&N 

R' 
3: R =  OMe; R'= H 
7: R = R'= OMe 

~ R& 
8: R + R' = CCHPO 

CHi3'.CN H+,H20 

R' "a CH20Me R' 
20: R = OMe; R' = H 
21: R = R' = OMe 

10: R = OMe; R'= H 
14: R = R'= OMe 
16: R + R' = OCHzO 22: R + R' = OCH2O 
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Scheme I1 
Me0 

QBr PhCOOCPh NBS ~ M@Br - N ? ?  M+Br 

I I  II 
0 0  CH2Br CH20Me Me 

1 2 3 'DCHo l . &  

2. NaBH. R' 
4: R = R'=OMe 
5: R + R'= OCH20 

CH20Me 

R' Br Br 2. Me1 R' 
6a: R = R'= OMe 7: R =  R'= OMe 
6b: R + R' = OCH2O 8: R + R' = OCHzO 

We recently described' an efficient, two-step synthesis 
of novel 4-alkyl and 4-aryl derivatives of 64acetoxy- 
methy1)isochroman-&ones in which the key step involves 
the  addition of a nitrile anion to  3,6-bis(methoxy- 

(6) Illiot, I. W., Jr. J.  Org. Chem. 1977, 42, 1090. 
(7) Part 1. Khanapure, S. P.; Biehl, E. R. J. Org. Chem. 1987,52,1333. 
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