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We report herein the synthesis and properties of tropothione 
(cycloheptatrienethione) 5-oxide (1), providing the first examples 
both of a stable "annuleneheterocumulene" and sulfine charge 
reversion. In the annuleneheterocumulenes without benzene-
ring fusion,2 8-oxoheptafulvene has been known as the only 
compound detected by chemical reactions owing to an extreme 
instability.3 No representative of annuleneheterocumulenes has 
yet been isolated. 

Peroxy acid oxidation of tropothione4 (2) at room temperature 
afforded tropone (3). However, careful oxidation with the 
equimolar amount of m-chloroperbenzoic acid (w-CPBA) below 
-60 0 C led to the isolation of I,5 dark red needles, mp 67-68 0 C 
(Scheme 1). This 5-oxide is a surprisingly stable compound, in 
sharp contrast to a 2ir aromatic system, diphenylcyclopropene-
thione 5-oxide, which is unstable and cannot be isolated and 
characterized.6 

The structure of the S-oxide 1 is fully consonant with the 
spectral data.5 The X-ray structural analysis7 of 1 indicates that 
the molecule has a planar and regular heptagonal structure with 
all the endocyclic bond angles ~ 128° (Figure 1) and an especially 
long C-S (1.681 A) bond, whose double bond character is 
estimated to be 75%.8 The length is the largest one in those of 
sulfines ever reported.' The ring C-C distances show the fairly 
nonalternant (aromatic) bond characters relative to those of 24 

and 3.10-u The 5-oxide 1 is found to have a larger dipole moment, 
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Scheme 1. Synthesis and Selected Reactions of 1" 

' Conditions: (i) monoperphthalic acid or m-CPBA, 1.0 equiv, CH2CI2, 
-60 0 C, 2 h, 75% yield; (ii) tetraphosphorus decasulfide, CH2Cl2,-5 0C, 
1.5 h, 91%; (iii) m-CPBA, 2.2 equiv, CH2Cl2, -50 0 C, 3 h, 73%, or 
Pb(OAc)4,1.0 equiv, CH3CO2H, 20 ° C, 2 h, 77%; (iv) CF3CO2H, CH2Cl2, 
0 0C; (v) DMAD, CHCl3, reflux, 2 days; (vi) 1-morpholinocyclopentene, 
CH2Cl2, room temperature, 4 h, 73%. 
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Figure 1. ORTEP drawing of the X-ray structure of tropothione 5-oxide 
(1) illustrating selected bond lengths (A) and angles (deg). Bracket values 
are 3-21G* total (upper) and r (lower) atomic densities.18 The 3-21G* 
dipole moment vector arrow starting from C(I) is found to be just across 
the oxygen atom (anionic center). 

M = 4.57 D, than those of 2 (3.88 D) 4 and 3 (4.17 D).1 2 The 1 7O, 
3 3 S, and 13C N M R chemical shifts5 in 1 show a large upfield shift 
for the oxygen and the sulfur and a downfield one for the sulfinyl 
carbon, respectively, compared with those13 of a usual sulfine, 
fluorenethione 5-oxide.14 All these data demonstrate that 1 has 
a sulfine charge-reversion character through the power of the 
Hfickel (4« + 2) rule; the remarkable stability of 1 may be 
attributed to optimal contribution of Ic (ring aromatic sextet) 
in Scheme 2, viz. sulfine charge reversion. 

Sulfines15'16 are usually represented by combination of the 
neutral ( > C = S = 0 ) , ylene ( > C = S + — O ) , and ylide (>C~ 
—S + =O) resonance structures,17 which are reproduced by the 
3-21G*18a ir electron distribution18b (C -0.110, S +0.746, O 
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(13) NMR data of fluorenethione S-oxide: 13C NMR (CDCl3, Me4Si) 8 
179.21 (C-I); 17O NMR (CDCl3, external D2O) S 215; 33S NMR [CDCl3, 
external (NH4)2S04] 5 233, measured here for comparison with those of 1. 
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Scheme 2. Resonance Contributions of I1 

26% 56% 18% 

" The % weights are obtained by the use of ir electron densities in 
Figure 1 (supplementary material). 

-0.636) of the parent sulfine, H2C=S=O.19 This ir electron 
distribution is in contrast to that (ring +0.160, S +0.572,0 -0.732 
in Figure 1) of 1. This cationic nature of the ring arises from 
the effective three-body ir MO mixing of the HOMO of hexatriene 
and the HOMO and LUMO of H2C=S=O (supplementary 
material). The second in-phase MO mixing leads to an accu­
mulation of anomalously large ir electronic charge on the oxygen 
and consequently to the large dipole moment. The contribution 
of Ic is evidenced by the rigid planarity of the ring. With the 
RHF/3-21G* vibrational analysis, 1 is calculated to have the 
harmonic frequency (200 cm"1) of the out-of-plane puckering 
mode which is larger than the 70 cnr'of 2 and the 81 cm-1 

frequency of 3.18 

Scheme 1 exhibits the selected reactions of 1. The S-oxide 1 
reacts with CF3CO2H to form a stable sulfenic acid 4 (dark 
orange prisms with the melting point between -25 and -24 0C),20 

with a tropylium cation system,21 in solution through the out-

(17) Zwanenburg, B.; Thijs, L.; Strating, J. Reel: J. R. Neth. Chem. Soc. 
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3, pp 409-415. 
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Publishing Unit: Carnegie-Mellon University, Pittsburgh, PA, 1982. 
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Block, E. Angew. Chem., Int. Ed. Engl. 1992, 31, 1135-1178 and references 
therein. 

(20) 4 (in CF3CO2H): Xn^ 382 nm (log t 4.16); "C NMR (Me4Si) « 
192.15 (s), 149.42 (d), 148.73 (d), 139.88 (d); 1H NMR (Me4Si) S 8.53,8.38, 
8.30; '7O NMR (external D2O) S 73; "S NMR [external (NH4)2S04] S -85. 
Carefully degassed solution of 4 is stable in a sealed NMR tube at room 
temperature for more than several weeks. When exposed to moisture, it is 
converted gradually to form 2 (ti/2 ca. 4 weeks). On warming of the solution 
to 60 0C, sulfenic acid 4 could not be recovered. 
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of-plane protonation to the oxygen.22 Reaction of 1 with dimethyl 
acetylenedicarboxylate (DMAD) does not occur, in contrast to 
[4 + 2]23 or [8 + 2]24 cycloaddition between DMAD and 3 or 
2, respectively. The nonoccurrence indicates that the a-carbons 
(C-2, C-7) lose their electron-donating strength due to the 
canonical structure, Ic. In contrast, 1 reacted readily with an 
enamine to give an unprecedented sulfine-enamine cycloadduct, 
5,25 whose orientation is opposite that of fluorenethione 5-ox­
ide.14,26 Thus, the reaction behaviors also support the conclusion 
that the contribution of Ic as well as lb is essentially important. 

In conclusion, the three-body ir MO mixing is effective enough 
to reverse the normal electron distribution of the parent sulfine 
(H2C=S=O) and accordingly to give the first stable annulene-
heterocumulene, 1, and its protonated species 4. The tropylium 
cation 4 is the first stable sulfenic acid (-S—O—H) without 
bulky groups27 identified explicitly by NMR (13C, 1H, 17O, and 
33S) spectroscopies. The stability of 4 is remarkable and is in 
agreement with earlier proposals that reducing the nucleophilicity 
of the sulfenic acid with electron-attracting groups will increase 
stability.28 

Supplementary Material Available: Tables of atomic coordi­
nates, thermal parameters for 1, the way of computing % weights 
of la-c in Scheme 2, further MO interpretation for the difference 
in the stability between 1 and diphenylcyclopropenethione 5-oxide, 
the HOMO shape of 1 arising from the effective three-body ir 
MO mixing, and NMR (13C, 1H, 17O, and 33S) charts of 1 and 
4 (9 pages). This material is contained in many libraries on 
microfiche, immediately follows this article in the microfilm 
version of the journal, and can be ordered from the ACS; see any 
current masthead page for ordering information. 
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