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Isobenzofulvenes are active components in cycloaddition reactions of varying order. 
l-3 

While these reactions have been governed strictly by frontier orbital control, it occured to 

us that some of the non-allowed reactions, would be of more synthetic value. We have now 

developed a method of obtaining products formally derived from the thermally forbidden [lo+21 

cycloaddition reaction, via a 1,3-migration of the initially formed [8+21 adducts. This has 

lead to a synthesis of indeno[l,2-clthiophenes and indeno11,2-clfurans. These classes of 

heterocyclic compound have received essentially no attention in the literature to this time. 

Reaction of 7-isopropylidenebenzonorbornadiene(la) with 3,6-di(2'-pyridyljs-tetrazine 

(2) in the presence of an equivalent of thiophosgene yielded the 1:l adduct (5_a14, which 

results from the capture of the 8,8-dimethylisobenzofulvene by the thione s-system of 

thiophosgene5. 

(a) R=Me, (b) R=Ph. 

t Visiting fellow from Department of Chemistry, Faculty of Military Studies, U.N.S.W. 

Duntroon, A.C.T. 2600. 
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Table 1. Summary of u.v. data 

(8) R'=Cl (11) (10) 

&lgc 4 X max E A max E 

235+ 11770 286+ 7900 247 8600 

239 12670 292+ 8890 257 7320 

248 10450 294+ 10200 276+ 3840 

275+ 7410 348 12840 287+ 4260 

283 9050 359+ 12010 313 5260 
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Figure 1. 13 r.yn.m.r. chemical shifts of Cl_01 and (12). 

Infra-red spectroscopy distinguished between these isomers, as only the oxothiophene (LO) 

displayed a carbonyl stretching frequency (V=1695 cm -1) . The 
13 

C-n.m.r. spectra are also 

diagnostic since the thione carbon resonance is typically at lower field (A6=12.91) than 

that of the related carbonyl carbon resonance. 
10 

In this respect the thiolactone grouping 

is similar to heterocyclic thiolactams. 
11 

Additionally, the C-l resonance of (111 is 38.33 

p.p.m. downfield from the corresponding resonance in (lo), due to attachment to ring oxygen 

and ring sulphur atoms respectively. 
12 

A ring-opened species related to (9) is presumed to be the common intermediate 

involved in the formation of (10) and (11). This ambident nucleophile can cyclise on 

sulphur or oxygen, the proportion of each product depending on the hydrolysis conditions 

used. Conditions for the interconversion of these isomers are presently being investigated 

and will be reported, together with the results of other heterodienophilic reactions with 

isobenzofulvenes, in due course. 
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The p.m.=. spectrum of this product displayed two singlet methyl resonances 

(61.74, 1.78) and two doublet methine resonances. The lower field methine resonance 

(65.12) is assigned to H-E, adjacent to the sulphur atom, and the other (64.72) 

to H-l, where long range coupling t4Jl 8= 1.5Hz) accounts for the observed multiplicity. 
, 

A similar adduct (5b)4 was obtained from 8,8-diphenylisobensofulvene (3b). 

Rearrangement of the [8+21 adduct (5a) was achieved by treatment with mild 

acid6'7 (or even chromatography on silica gel) which initiated a ring-opening, ring- 

closure reaction to form, ultimately, l&indeno[l,Z-clthiophene (8a;R'=C114, m.p. 

39-4o"c. The diphenyl compound (8b;R'=C114, m-p. 161-2OC, was produced in an analogous 

fashion. The u.v. spectrum of (8a;R'=Cl), c.f. table 1, has a long wavelength absorption 

which is consistent with the presence of a modified bensofulvene chromophore. 
8 

The p.m.r. 

spectrum of (8a;R'=Cl) confirms the presence of two equivalent methyl groups (singlet, 

68,61.74) and an indenyl vinylic proton (singlet, lH,66.25). 

Reaction of 8,8-dimethylisobenzofulvene (3a) with thiophosgene in the presence 

of ethanol leads to the formation of the oily ethoxy compound (Ba;R'=OEt), the p.m.r. 

spectrum of which is reported in table 2. This result suggests that ethyl chlorothiono- 

formate may be involved and that other thiones could participate, thereby extending the 

synthetic value of the reaction. 
9 

Treatment of the initial adduct (5a). with aqueous ethanolic hydrochloric acid, 

formed two new isomeric products (m/e=216). These are assigned the oxo-thiophene structure 

W4 , m.p. 66-7OC, and the thiono-furan structure (11j4, m.p. 83-4'C. (See table 1 for 

U.V. spectra). 
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Table 2. Summary of p.m.r. data (dppm in CDC13) 

1. P.L. 

2. M.N. 

3. M.N. 
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