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Condensation of 3-phenylsulfonyl-1,3-isobenzofuranone (3) with benzocyclohept-6,7-en-5-ones such as 4 and 15 provides a straightforward,
general method for synthesis of functionalized benzo[4,5]cyclohepta[1,2-b]naphthalenes (e.g., 5 and 16). This finding was used to achieve a
brief and efficient preparation of 6,7-benzo-3,4-(1,4-dimethoxy-2,3-naphtho)-1,5-dioxosuberane (2), an established intermediate to the naturally
occurring red pigment radermachol (1).

The isolation and structure elucidation of the red pigment
radermachol (1) was originally reported by Joshi et al. Scheme 2
Subsequently, the same group accomplished a total synthesis

OH
of 1, in which the benzocycloheptadiene[hRnaphthalene 02PN
dione 2 was employed as a key intermediate. . o?@ a O‘OO
0 o
4 3

O oH
5a

%a. LiOtBu, THF, 85%

Since the use of benzcyclohepten-5-ones in the isobenzo-
furanone annulation had not been previously explored and
because this approach would provide a new route to benzo-
[4,5]cyclohepta[l, Bnaphthalenes, we decided to investigate
Our work with the isobenzofuranone annulation suggested this approach.

that5, a potential precursor t®, might be readily prepared To test the feasability of using the annulation methodology
through condensation of the phenylsulfonyl isobenzofura- to generate the objective ring system, the anion of the
none 3 with the benzocyclohepten-5-one (4) (Schemé 1). phenylsulfonyl isobenzofurano@evas condensed with 8,9-
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dihydrobenzocyclohepten-5-ch@). Indeed, gram quantities  vinyl hydrogen. Proton decoupling established that the other
of the expected benzo[4,5]cyclohepta[baphthalen®&a vinyl hydrogen was buried in the aromatic absorptions.
were produced in 85% yield. A distinctive feature of te Apparently the presence of oxygen in the medium resulted
NMR spectrum obawas the presence of multiplets at 3.13 in oxidation of the hydroquinon®gato the quinone3, which
and 3.27 ppm for the protons on the methylene groups atunderwent tautomerization t® and then methylation.
C-12 and C-13. Although we had seen this phenomena before and even

Once it was established that the isobenzofuranone con-refined and capitalized on it for anthracycline synthéses,
densation provided the ring system, various methods for the facility of this transformation was nevertheless striking.
introduction of a C-13 ketone functionality iBa were In fact, preparation of the dimethyl eth&l, uncontaminated
explored to complete construction of the intermediat€he with the unsaturated dimethyl ethéy proved challenging.
conceptualized plan, as outlined in Scheme 2, was to convert - ajthough epoxidation o6 (MCPBA, CHCl,) produced

7 in 78% yield, attempted rearrangemen¥afith CRCOH

I o BBr; failed to give the expected ketore A possible

Scheme 2 explanation is that, as shown in Figure 1, the ring system is
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cup-shaped and opening of the epoxide to form a carbocation
o OCH o] OCH would result in additional ring strain. Moreover, attempted
s ® reductive opening (i Pd/BaSQ) of the epoxide in7 was
O‘OO , O‘OO also unsuccessful. In this case, the catalyst probably cannot
access the concave face.
O 0OCHs O OCHs B . . . .
7 2 ased on the expectation that regiospecific reductive

opening of a 12,13-epoxide or regioselective reductive
removal of a 12-hydroxyl group would be possible, the route
shown in Scheme 3 was explored. To access appropriately
functionalized intermediates, our previously developed pro-
cedure for oxidative tautomerization of quinones was ex-
ploited® Treatment of the hydroquinora with Fetizon’s

2a. (CH30),S05, KsCO3, acetone, reflux, 15h, 46%; b. BuyN*F,
CHgl, DMF, 75%; ¢. MCPBA, CH.Cly, rt, 4 h, 78%.

5a to the dimethyl ether derivativéb and then introduce
C-12/C-13 unsaturation i, possibly through benzylic
bromination/dehydrobromination. It was anticipated that the
epoxide7, derived from6, would undergo regioselective _
rearrangement to the objective ketoB¢ as a result of Scheme 3
resonance stabilization by the neighboring methoxyl group. OH 0
We were pleased but not entirely surprised to discover that ‘ é
the unsaturated compourlwas directly formed in 46% O OO 2. O OO
yield on attempted methylation &&a with (CH30),S0O, and O dH o d
K,CG;, thereby obviating the need for alternative methods 5b 10
for introduction of C-12/C-13 unsaturation. Formation6of Jb
was confirmed by théH NMR spectrum. There were no 2 OAc OAc
absorptions between 3.1 and 3.3 ppm for the protons on the . é
ethano bridge. Instead, a one-hydrogen doublet at 6.95 ppm O CO -~ O OO

O oH O OH

12 11

(J = 12.4 Hz) was observed, indicating the presence of a

65(45)7|4t10’ S.; Kasai, M.; Ziffer, H.; Silverton, J. \Can. J. Chem1987, 33 AgCOs, EtsN, CHyClp, rt, 30 min, 99%: b. Zn, Acs0, AcOH, rt

(5) Hauser, F. M.; Prasanna, Synthesid980, 621.
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83. Ethylene glycol, PPTS, PhH, reflux, 15 h, 97%; b. LDA, TMSCI,
CHuCl,, -78 °C to 11, 1h; c. Pd(OAc),, CH3CN, reflux, 15h, 95%,;

d. LiOt-Bu, 3, THF, -78 °C to 1, 3h; e. BusNF, CHsl, DMF, rt ,15h,
75%; f. PPTS, acetone/water, reflux, 20 h, 97%; g. AlCl3, dimethyl-
acryloyl chloride, CH.Cl,, reflux, 1 h; h. TMSI, CDClj, rt, 30 h;

i. MeOH; j. PTSA, PhH, reflux Dean-Stark, 6 h.

reagerit in the presence of B\ directly furnished the
unsaturated quinon®0 in quantitative yielc’. As expected,
under reductive acetylation conditiori€) was converted to

(6) Hauser, F. M.; Takeuchi, C.; Yin, H.; Corlett, S. A.Org. Chem.
1994, 59 258 and references therein.

(7) Ultimately, the dimethyl ethesb was cleanly prepared in 75% yield
from 5a by rigorously removing oxygen from the reaction medium and
using an alternative methylation procedure {BtF-, CHsl, DMF). Slater,

G. P.; Haskins, R. H.; Hogge, L. R.; Nesbitt, L. Ran. J. Chem1967,
45, 92.
(8) Fetizon, M.; Golfiner, M.Compt. Rend1968, 267, 900.
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the monacetylated intermedidat&. Unexpectedlyll proved
resistant not only to epoxidation with MCPBA but also to
dihydroxylation (catalytic Os@ with either TMNO or
t-BUOOH).

The route shown in Scheme 4, which leads directly to the
masked keton&6, was investigated next. Ketalization of the
known 5,8-diketonel3!° with ethylene glycol and PPTS
furnished exclusively the monoketa#t1* Treatment ofl4
with LDA and TMSCI produced the expected TMS ether,
which smoothly underwent oxidation with Pd(OAdd the
unsaturated enonks.

Condensation o015 with the anion of the sulfon8 gave
16a, which was directly methylated (BM*F~, CHsl, DMF)”
to furnish the dimethyl ethed6b (75% overall yield).
Hydrolysis of16b (PPTS, acetone/water, 97%) produ&d
which had physical and spectral properti#s §nd**C NMR)
identical to those reported by Joshi et?’alhe sequence
reported by them, involving acylation & with dimethy-
lacryloyl chloride t017 12 followed by demethylation and
cyclization furnishedL.

In summary, we have shown that condensation of benzo-
cycloheptenones with an isobenzofuranone provides straight-
forward access to functionalized benzocycloheptadiene[1,2-
blnaphthalenes.

Acknowledgment. This work was generously supported
by the National Cancer Institute of the National Institutes
of Health under grant CA 18141.

OL0055869

(9) In conjunction with the work described in this paper, condensation
of the anion of the isobenzofurano®ewith the benzocycloheptenorie
was performed. This reaction produced, after incipient oxidation, the quinone
10 (15%), the bridged bicyclic produdit (7%), andiii (28%).
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(10) Barltrop, J. A.; Johnson, A. J.; Meakms G.DChem. Sod951,
181.

(11) Even under forcing conditions, excess ethylene glycol and prolonged
reflux, only trace quantities of the bisketal were observed. This selectivity
is probably a consequence of relief of ring strain.

(12) Our yield for the AIC} promoted acylation of to 17 was only
13%, in contrast to the reported 69%.
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