
4112 

ylang oil, and a chloranthus oil.2a The analogous spec­
tra of (±)-8-isocopaene (16) were quite similar to those 
of copaene, but contained significant differences.17 
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A Novel Synthesis of Isothianaphthenes 

Sir: 

The thermal decomposition of l,3-dihydrobenzo[c]-
thiophene 2,2-dioxide (I) is a convenient and simple 
method for the generation of the unstable o-quinodi-
methane (II), sulfur dioxide being extruded in the 
process.' We have now studied the thermal decompo­
sition of l,3-dihydrobenzo[c]thiophene 2-oxide (III).2'3 

Contrary to our original expectation, III gave no evi­
dence of decomposition into sulfur monoxide and o-
quinodimethane, but underwent dehydration under 
remarkably mild conditions to give benzo[c]thiophene 
(IV, "isothianaphthene"). Thus, when a 1:2 mixture of 
III and neutral alumina was heated under 20-mm pres­
sure at 100-125° in a sublimer, IV condensed on the 
cold finger in 94 % yield as a white crystalline crust, mp 
47-56° (mp 53-55° after resublimation; lit.4 mp 50-
51°). The spectral properties of IV prepared in this 
way were in agreement with those previously described,4 

and the compound reacted with maleic anhydride to 
give the expected adduct V, mp 148-152° (lit.4 mp 153-
154°). 

Adduct V could be prepared directly (25% yield) 
from sulfoxide III (without isolation of IV) by refluxing 
a mixture of III and maleic anhydride in acetic anhy­
dride solution. Similarly, dehydration of III with 
acetic anhydride in the presence of N-phenylmaleimide 
gave a mixture of stereoisomeric adducts (86% total 
yield) which was separated, by fractional crystallization, 
into the exo isomer, mp 203-204° (Via), and the endo 
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(3) The structure of III is confirmed by an infrared band at 1035 
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agreement with that previously reported (R. F. Watson and J. F. 
Eastham, J. Am. Chem. Soc, 87, 664 (1965)). In addition, oxidation 
of III with peracetic acid gives sulfone I. 
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isomer, mp 236-239° (VIb). Structures Via and VIb 
were distinguished on the basis of their nmr spectra.5 
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The nmr spectrum of Via shows the two protons a to 
the imide carbonyls at 6 3.30, a position similar to that 
(3.43) of the corresponding protons of the N-phenyl­
maleimide-anthracene adduct (VII);6 molecular models 
indicate no shielding of these protons in Via and VII. 
Other features of the nmr spectrum of Via include the 
bridgehead protons at 5 4.93 and a broad band of nine 
aromatic protons in the 5 7.0-7.5 region. The nmr 
spectrum of the endo isomer VIb shows, in addition to 
the bridgehead protons at 5 4.90 and seven aromatic 
protons in the 5 7.0-7.5 region, two aromatic protons at 
8 6.43; the appearance of the latter two protons at an 
unusually high-field position is the result of shielding by 
the carbonyls of the imide system. Also, the protons a 
to the imide carbonyls in VIb appear at S 4.10, indicat­
ing a strong deshielding of these protons by the sulfide 
bridge. 

The generality of our method to the synthesis of higher 
benzologs of IV is exemplified by the synthesis of the 
previously unreported naphtho[l,2-c]thiophene (VIII). 
Thus, oxidation of l,3-dihydronaphtho[l,2-c]thiophene 

(5) AU melting points are uncorrected. Satisfactory analyses were 
obtained for all new compounds reported. Nmr spectra were deter­
mined in CDCU; ultraviolet spectra were determined in methanol. 
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(IX)7 with sodium periodate in aqueous ethanol8 af­
forded the corresponding sulfoxide X,9 mp 141-143°, in 
50% yield. Pyrolysis of a mixture of X and neutral 
alumina at 160-180° (25 mm) afforded a 47% yield of 
thiophene VIII as colorless plates, mp 110-112°. The 
ultraviolet spectrum of VIII shows the following com­
plex series of bands: X^°H 208 mp (log e 4.45), 223 
(4.32), 253 sh (4.38), 257 (4.39), 266 (4.43), 271 (4.53), 
277 (4.56), 314 sh (3.78), 318 (3.79), 326 sh (3.71), 332 
(3.67), and 348 (3.27); this spectrum is very similar to 
that reported for l,3-dimethylnaphtho[l,2-c]thiophene 
(XI).10 

The reaction of N-phenylmaleimide with sulfoxide X 
in refluxing acetic anhydride afforded a mixture of stereo-
isomeric adducts (89 % total yield) which was separated, 
by fractional crystallization, into the exo isomer, mp 
246-247° (XIIa), and the endo isomer, mp 174-175° 
(XIIb); the same products were formed by direct 
reaction of VIII with N-phenylmaleimide. Structures 
XIIa and XIIb were distinguished on the basis of their 
nmr spectra, which differed qualitatively in a manner 
similar to that of isomers Via and VIb. It is of inter­
est to note that the only definitely characterized deriva­
tives of VIII previously reported (i.e., the 1,3-dimethyl 
derivative XI and its 7-carboxy derivative) were ob­
tained in low yield by a lengthy synthetic route.10'11 

Studies relating to the scope of the new isothianaph-
ene synthesis and to the chemistry of isothianaphthene 
adducts are in progress and will form the subject of 
subsequent reports. 
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The Total Synthesis of (—)-Aromadendrene 
Sir: 

Aromadendrene is a representative of a group of 
tricyclic sesquiterpenes structurally characterized by the 
fusion of a cyclopropane ring to a hydroazulene nucleus. 
Degradative studies1'2 led to the proposal of the 
complete structure 1, and the purpose of this communi­
cation is to describe a stereoselective synthesis of (—)-
aromadendrene and some of its stereoisomers. 
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Conformational uncertainties associated with per-
hydroazulenes led us to first prepare a decalin derivative 
which subsequently could be rearranged to a hydro­
azulene. Addition of hydrogen bromide to (—)-
perillaldehyde (2)3 in glacial acetic acid followed by 
treatment of the crude bromide with potassium t-
butoxide in ?-amyl alcohol yielded the bicyclic aldehyde 
3 (41% yield), X££H 263 mp (« 11,700), [a]D +108° 
(CHCl3). Conversion to the diene 4, X®'a°

H 245 m^ 
(e 16,600), [a]D -57° (CHCl3), was accomplished in 
98% yield using a modified Wittig reaction.4 Con­
densation with acrolein in benzene solution at 100° 
furnished a mixture of adducts (98%) containing 75% 
of the aldehyde 5 and 15 % of the epimer 6.6 Exposure 
of either epimer to potassium /-amylate (5 min, 20°) 
in <-amyl alcohol lead to an equilibrium mixture con­
taining 83 % of 6 and 17 % of 5. The more stable alde­
hyde 6 was transformed to the tricyclic hydrocarbon 
7, [CV]D —66° (CHCl3), in essentially quantitative yield 
by consecutive treatments with lithium aluminum 
hydride, methanesulfonyl chloride, and lithium alu­
minum hydride. 

5 6 7 

Oxidation of the olefin 7 with osmium tetroxide 
afforded a mixture of the diol 8 (84%), mp 132-133°, 
[a]D +1° (CHCl3), and the epimeric diol 10 (ca. 10%), 
which was not obtained in pure form. The major 
epimer 8 was converted to the tosylate 9 (82%), mp 
130.5-131.5°, [a]D - 6 ° (CHCl3), which on treatment 
with 1 equiv of potassium ?-butoxide in ?-amyl alcohol6 

or on chromatography over alumina was smoothly 
transformed to the ketone 12 (85%), mp 64-65°, 
[a]D —21° (CHCl3). Its infrared spectrum was dif­
ferent from those of apoaromadendrone7 and its less 
stable epimer a-apoaromadendrone.7 Similarly, the 
hydrocarbon 13, [a]D —31° (CHCl3), prepared from 12 
by a Wittig reaction (79%), was not identical with 
aromadendrene or its C-I epimer, alloaromadendrene.8'9 
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