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Exocyclic Benzenes. Synthesis and Properties of 
Benzo[l,2-c:3,4-c':5,6-c"]trithiophene, 
a Tristhiahexaradialene 

Sir: 

In the series 1-4 a benzene ring is converted in a formal sense 
from having six overlapping p orbitals associated with endo-
cyclic "double bonds" to having those orbitals associated with 
exocyclic carbon-carbon "double bonds". Orthoquinoidal 

1 2 3 4 
X = O, S, NR, etc. 

heterocycles of the type 2 show extreme chemical reactivity, 
particularly in cycloadditions which restore the endocyclic 
aromaticity of the six-membered ring.1 The most recent view 
of their electronic structure suggests an aromatic heterocyclic 
ring with a relatively noninteracting butadiene moiety 
(2a).2 

It seemed likely that, if the number of exocyclic double 
bonds were increased (as in 3 or 4), the additional heteroaro-
matic rings would diminish reactivity and restore overall 
aromaticity to the structure. We describe here the synthesis 
and some chemistry of 4 (X = S), the first example and a 
prototype of such molecules.3 

Treatment of hexakis(bromomethyl)benzene 54 (10 mmol) 
with 15 g of Na 2S-9H 20 in a mixture of ethanol (800 mL), 
THF (400 mL), and water (40 mL) at reflux for 19 h gave 
(80-90%) the tris sulfide 6, a pale yellow solid which, owing 
to its difficult solubility properties, was not purified.5 Crude 

CH2Br 

BrCH2. 1 .CH2Br 

6 (2 mmol) and either DDQ or o-chloranil (6.5 mmol) in 250 
mL of chlorobenzene at reflux for 4 h gave 7 (40-45%). 
Chromatography on alumina (benzene eluent) and recrys-
tallization (CHCl3) gave pure 7, mp 236-238 0 C. 6 It showed 
a singlet at <5 7.52 (CDCI3), somewhat downfield from that of 
the C-2 proton in thiophene (5 7.19),7 possibly owing to de-
shielding by the adjacent thiophene rings.8 The 13C N M R 
spectrum of 7 consisted of two peaks, at <5 117.4 and 132.4 
corresponding to C-I- and C-3a-type carbons respectively. 
These shifts may be compared with those of thiophene (C-2, 
124.9; C-3, 126.7)9 and triphenylene (C-I, 123.7; C-2, 127.6; 
C-4a, 130.2). ,0 

loge 
5 -

Jiss 

Figure 1. UV spectra of 7 (-
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The ultraviolet spectrum of 7 is similar to that of tripheny
lene (Figure I).11 The longest wavelength absorption (320 nm) 
occurs at appreciably lower energy than that of the tris ben
z o l ] isomer 8 (286 nm),12 

CHO 

10 

In contrast to 2,7 does not readily add dienophiles (i.e., di
methyl acetylenedicarboxylate, benzyne). It does form in
tensely colored, air- and moisture-stable crystalline 1:1 
charge-transfer (CT) complexes with TCNE, DDQ, TCNQ 
(all dark blue, CT band near 610 nm), and chloranil (dark red, 
CT band at 527 nm).13 Oxidation of 7 with SbCl5 in methylene 
chloride gives a rather stable blue radical cation.14 

Compound 7 exhibits unusual protonation behavior; in 
FSO3H-SO2ClF at - 2 0 to - 7 8 0 C it gives a single species, 

FSO3H 

7 = ^ S' 

9a 
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considered to be either 9 or 9a.15 The 1H NMR spectrum (—20 
0C) had peaks at 5 5.90 (d, 4 H, J = 1.5 Hz, Ha), 9.34 (s, 2 H, 
Hc), 11.45 (t, 2 H, J = 1.5 Hz, Hb). With FSO3D, exchange 
was rapid at Ha (5 5.90 peak nearly absent in 5 min, 6 11.45 
peak a singlet; quench gave 7-d2) but extensive at all positions 
after 8 h (quench gave mainly l-ds and 1-de). Although the 
monoprotonated species A could not be detected, rapid ex
change of two protons and slow exchange of the remaining 
protons can best be rationalized by assuming a rapid equilib
rium between 9 or 9a and A but slow deprotonation of A in the 
strongly acidic medium. 

Treatment of 7 with Br2 in CCI4 at room temperature (30 
min) gave mono-, di-, or tribromo derivatives, depending on 
the Br2/7 mole ratio. Isomer separation was difficult, but 
NMR analysis showed that three dibromo and two tribromo 
compounds were formed, these being the isomers possible 
without having two sterically interfering bromines in the same 
"wedge" of the structure. The isomer ratios were statistical. 

Metalation of 7 was also possible. For example, treatment 
with butyllithium (2 equiv) in ether at —25 0C for 1 h followed 
by addition of DMF gave (60%) the yellow aldehyde 10, mp 
170-173 0C.16 

The same mild dehydrogenation used to synthesize 7 was 
successful for the preparation of 12 (3, X = S)17 from ll5 '1 8 

in 35% yield, mp 111-112 0C (lit.17 mp 112-1130C). 

11 12 
It is clear that, although exocyclic benzenes of type 2 are 

highly reactive toward cycloaddition, those of type 3 and 4 are 
much more aromatic in their reactivity. Extensions of the 
synthetic route described here to analogues of 7 and 1219 (in
cluding those in which the remaining "wedges" in 7 are closed) 
and further studies of the chemistry of these exocyclic benzenes 
are in progress. 
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