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Figure 1. Infrared absorption spectra (25 OC, Nujol) of 3. 

cm-’ (see Figure 1); ‘H N M R  (CDCl3) 2.40-3.00 (m, 4 H), 3.35 
(s, 2 H), 3.77 (s, 2 H), 7.23-7.70 (m, 3 H), 8.20 ppm(m, 1 H);9 
I3C NMR (CDClJ 208.6, 183.7, 150.9, 139.5, 132.1, 131.3, 130.4, 
127.8, 127.2, 126.5, 37.4, 37.2, 35.0, and 30.8 ~ p m ; ~  UV A,,, 
(CHC13) 253 (log t, 4.10), 268 (4.05), 300 nm (sh). The thermal 
rearrangement of 3 to 2 was observed during triturating with 
ethanol or dimethyl-d6 sulfoxide (MezS0).6 From these results 
3 was assigned as 3,4-dihydro-2,9( lH,  10H)-anthracenedione. This 
is the first example of the photochemical preparation of the ketone 
tautomer of a naphthol. A plausible mechanism for the photo- 
isomerization from 1 to 3 is shown in Scheme 11. This may be 
an example of the oxa-di-x-methane rearrangement of @,yen-  
ones.I0 
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Siccanin (1) is a mold metabolite isolated from the culture broth 

of Helminthosporium siccans’ and exhibits a remarkable anti- 
fungal activity against a variety of fungi, in particular, Tricho- 
phyton interdigitale and T. asteroids, that cause fungal infection 
in skin2 This compound is clinically utilized thereby. 
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Since its unique structure involving the unusual cis-, syn-, 
cis-fused A/B/C ring system was revealed as lb in 1967 by X-ray 
crystallographic s t ~ d y , ~  some synthetic approaches to this intri- 
guing target were r e p ~ r t e d . ~  

Siccanin is regarded as a drimane sesquiterpene combined with 
orcinol. Herein is described the first total synthesis of racemic 
siccanin by a novel approach. The synthesis is divided into three 
major tasks: (a) stereoselective synthesis of cis-octalone 10, (b) 
development of 10 to the formyldecalol 17 with the drimane 
structure, (c) subsequent elaboration to the tetracyclic hydrofuran 
derivative 24, and acid treatment of 24 to lead to siccanin methyl 
ether (26) (see Schemes I and 11). 

The known, readily available keto ester 2s was submitted to 
the Robinson annulation (MeCOCH=CH2, NaOMe, MeOH) 
to yield octalone 3, mp 121-122 OC (Scheme I). The octalone 
was smoothly methylated (MeI, t-BuOK, t-BuOH) to give liquid 
dimethyl ketone 4. Reduction of the hindered ketone carbonyl 
of 4 to methylene group was achieved by reduction [NaB(CN)H3, 
p-TsOH, sulfolane, DMF, 100 OCI6 of its tosylhydrazone 5 
(TsNHNH2, MeOH), mp 217 OC (decomp), affording octalin 
6, mp 43-44 OC. Reduction of 6 (LiA1H4, DME) to alcohol 7, 
mp 38-40 OC, and methylation (MeI, NaH, DME) of the re- 
sulting hydroxy group gave methyl ether 8, mp 52-54 O C .  Acetal 
exchange reaction of 8 (p-TsOH, acetone, 25 “C) gave oily de- 
conjugated octalone 9. 

After a number of attempts for isomerization of 9 to conjugated 
enone 10, it was eventually found that treatment of the former 
with p-toluenesulfonic acid (0.5 equiv) in methanol a t  50 O C  
yielded an equilibrium mixture consisting of the ketone 9 and 10 
in a 1:4 ratio. The oily enone 10 separated by silica gel chro- 
matography was shown to be a cis-octalone as mentioned below, 
and no formation of its trans isomer was observed. 

Unambiguous assignment of the cis stereochemistry was done 
by transformation of the decalone 18, quantitatively obtained by 
hydrogenation of 10 (H2, 10% Pd-C, EtOH), into the known 
trimethyl ketone 19’ as follows: replacement of the methoxy group 
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EtOH) to 13, followed by protection of the hydroxy group [DHP, 
pyridinium p-toluenesulfonate (PPTS),9 CHZCl2], gave tetra- 
hydropyranyl ether 14, which was then methylated (excess MeLi, 
Et20)  to produce oily carbinol 15.1° After hydrolysis (PPTS, 
moist EtOH, 60 "C), the resulting diol 16 was oxidized (PCC, 
CH2C12)" to 17,'O mp 102-104 OC. 

Introduction of the aromatic ring was carried out by the con- 
densation of the aldehyde 17 with lithiated orcinol dimethyl ether12 
(DME, from -75 to 0 "C), and diol 22, mp 152-153 OC, was 
obtained as a mixture with a minor quantity of its epimer with 
respect to the benzylic hydroxy group (Scheme 11). 

Tetrahydrofuran ring formation by generation of carbonium 
ion arising from elimination of the benzylic hydroxy group of 22 
followed by intramolecular attack of the oxygen atom in the 
angular methoxymethyl group was effectively performed by 
treatment of the epimer mixture of 22 with 1 equiv of pyridinium 
chloride13 (CHz,Cl2, 25 OC, 30 min), which led to the tetracyclic 
compound 23, mp 167-167.5 OC, whose X-ray crystallographic 
analysis definitely established the stereostructure as shown in 23.14 
Subsequent partial demethylation (NaSEt, DMF, 100 "C) fur- 
nished monophenol 24, mp 185-186 "C. 

In anticipation of formation of C(8)-C(9) tetrasubstituted 
double bond by dehydration of 24 and successive olefin-phenol 
cyclization, the final elaboration to siccanin (1) was carried out 
by acid treatment. While concentrated sulfuric acid treatment 
(n-PrN02, 25 "C) resulted in formation of siccanochromene E 
methyl ether (25),I5J6 mp 144-145 OC, Lewis acid catalyzed 
reaction of 24 (BF3-OEt2, CH2C12, 25 "C, or SnCl,, PhH, 25 "C) 
proceeded to give siccanin methyl ether (26),3b mp 134-135 OC 
albeit in low yield. Treatment of 25 under the same reaction 
conditions also afforded 26 in a similar yield. 

Demethylation of 26 (NaSEt, DMF, 100 "C) produced racemic 
siccanin, mp 154-155 OC, which was indistinguishable from the 
natural specimen in TLC, IR, NMR,  and M S  spectra. 
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of 18 by chlorine (gaseous HC1, ZnCl,, Et20) led to chloro ketone 
20 in 73% yield, whose transformation into cyclopropyl ketone 
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21 cleanly proceeded by deprotonation with sodium hydride (THF, 
74% yield). Reductive cleavage of the cyclopropane ring (Li, liquid 
NH,) afforded 19 in 58% yield, which was identified with an 
authentic sample by spectral comparison. 

Construction of the expected intermediate, formyldecalol 17, 
started with the regioselective hydroxymethylation of the enolate 
of 10 [(i-Pr)2NLi, DME, -78 "C] with gaseous formaldehyde, 
the reaction yielding oily hydroxy ketone 11* along with methylene 
ketone 12, mp 97-98 "C. Hydrogenation of 11 (H2, 10% Pd-C, 
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