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Abstract: Reacting lithium with 1,2:5,6:9,10:13,14-Tetrabenzo-3,7,ll,15-tetradehydro[16]annulene(tetrabenzocyclyne, 
QBC) in THF gives the meso and rf,/-pair of 9,18-bis(trimethylsilyl)diindeno[2,3-f 2',3'-p]chrysene. The X-ray crystal 
structures of these compounds show them to be ribbon oligomers with two helical interactions correlated with two chiral 
centers. 

Introduction 

The design and synthesis of ribbon and ladder oligomers and 
polymers with extended x-electron conjugation are topics of 
fundamental and practical interest.1 Such systems show con
siderable promise as conducting and nonlinear optical materials 
because of their ir-electron conjugation, environmental stability, 
high mechanical strength, and enhanced laser damage threshold. 
The most serious problem associated with such applications is 
that of poor solubility.' We predict that helical or twisted aromatic 
ribbon polymers, in which the helical axes extend down the 
aromatic chains, will have lower lattice energies and therefore 
higher solubilities than planar systems of comparable molecular 
weight. Helical and twisted polycyclic aromatic hydrocarbons 
have been synthetic targets for studies of aromaticity2 and 
stereochemistry3 and for the synthesis of chiral organometallic 
compounds.4 Double helicenes5 and some overcrowded ortho-
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annulated benzenoid systems6 have been described as containing 
"two coils of angular condensed benzene rings".5* Two helicenes 
each having an incorporated chiral center have been reported.7 

Here we report a lithium-induced zipper reaction of cyclic 
o-ethynylbenzenes that offers a route to helical ribbon oligomers 
and may be applicable to the synthesis of helical ribbon polymers 
from o-ethynylbenzene polymers. Included in this report is the 
crystallographic characterization of the rf,/-pair and meso isomers 
of an ortAo-annulated benzenoid hydrocarbon incorporating two 
chiral centers and two helical axes. 

Diphenylacetylene is known to undergo reductive dimerization 
when reacted with lithium.8 In this process it is believed that two 
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radical anions of diphenylacetylene couple. In our laboratory it 
has been shown that 1,2:5,6:9,10-tribenzo-3,7,11 -tridehydro[ 12]-
annulene (tribenzocyclyne, TBC) undergoes reductive cyclization 
with 4 mol equiv of lithium to form a dilithium dianion 1 (reaction 
I) . 9 These results prompted investigation of the effect of lithium 

TBC 1 

on larger cyclyne systems such as 1,2:5,6:9,10:13,14-tetrabenzo-
3,7,11,15-tetradehydro [ 16] annulene (tetrabenzocyclyne, QBC).1 0 

Experimental Section 

Manipulations were carried out under argon using standard Schlenk 
techniques. Trimethylsilyl chloride was distilled from Na2C03, and THF 
was distilled from Na and benzophenone. QBC was synthesized by the 
Stephens-Castro coupling of copper(I) 2-(iodophenyl)acetylide.10 A 60-
mL flask was charged with QBC (0.25 g, 0.62 mmol) and an excess of 
lithium powder (0.035 g, 5.04 mmol, Aldrieh) while in a drybox. THF 
(20 mL) was added to the flask, and the resulting solution was stirred 
and occasionally agitated at room temperature for 18 h. In the course 
of the reaction, the color of the reaction mixture turned from yellow to 
brilliant green, and finally to a red-brown solution. The reaction mixture 
was filtered, and trimethylsilyl chloride (5.0 mL, 39.5 mmol) was added. 
Stirring was continued for another 6 h before the solvent and excess 
trimethylsilyl chloride were removed in vacuo. In air the products were 
eluted with 1:4 methylene chloride:hexanes on a 40-Aim silica gel column 
to give the d,/-pair and meso isomers of 9,18-bis(trimethylsilyl)diindeno-
[2,3-g:2',3'-p]chrysene, 2 and 3 (Figure 1), in isolated yields of 38.2% 
(0.131 g) and 16.4% (0.056 g), respectively. Spectra of 2: 1H NMR 
(300 MHz, CDCl3) S 0.07 (s, 18 H), 4.59 (s, 2 H), 7.18 (m, 4 H), 7.47 
(t, 2 H), 7.60 (m, 4 H), 8.04 (d, 2 H), 8.10 (d, 2 H), 8.92 (d, 2 H); 13C 
NMR (75 MHz, CDCl3) 8-1.6,44.8,123.2, 123.3,124.0,124.1,124.5, 
125.4, 125.8,127.2, 128.6,128.7, 128.9,133.1,143.3,144.6, 147.6; 13C 
NMR (75 MHz, C6D6) 8 -1.7, 45.0, 123.7, 123.8, 124.4, 124.7, 124.9, 
126.0, 127.9, 129.2, 129.4, 129.5, 133.8, 143.9, 145.2, 147.7; MS (EI) 
m/z 548 (M+), 475 (M+ - SiMe3), 460 (M+ - SiMe3 - Me), 402 (M+ 

- 2SiMe3), 73 (SiMe3
+); UV-Vis (CH2Cl2) W l o g t) 425.4 (3.47), 

403.2 (3.42), 327.2 (4.44), 311.8 (4.48), 277.8 (4.41), 230.6 (4.44). Spectra 
of 3: 1H NMR (300 MHz, CDCl3) i 0.00 (s, 18 H), 4.64 (s, 2 H), 7.43 
(m, 4 H), 7.61 (m, 6 H), 8.07 (d, 2 H), 8.18 (d, 2 H), 8.95 (d, 2 H); 13C 
NMR (75 MHz, CDCl3) S -1.8,44.3, 123.4,123.5,123.8, 124.0,124.6, 
125.8, 126.2, 127.0,128.4,129.0,129.6, 129.7, 132.9,142.7,147.3; MS 
(EI) m/z 548 (M+); 475 (M+ - SiMe3), 460 (M+ - SiMe3 - Me), 402 
(M+ - 2SiMe3), 73 (SiMe3

+). 

X-ray Crystallographic Analyses. Crystals of 2 and 3 were obtained 
by slow concentration of the elution solvent mixture. These crystals were 
mounted on glass fibers and their unit cells determined using 15 
photographic data. Unit cell dimensions were refined using an additional 
25 reflections with 20.0° < 28 < 30.0°. Data were collected using Mo 
Ka (X = 0.710 73 A) radiation on a Syntex P2i diffractometer at 294 
and 133 K for 2 and 3, respectively. Data were corrected for Lorentz 
and polarization effects. Compound 2 was solved in Pl with a = 10.648-
(2) A, 6 = 14.432(3) A, c = 20.382(4) A, a = 98.88(3)°, 0 = 92.14(3)°, 
7 = 95.69(3)°, V = 3074.7(11) A3, and Z = A. Compound 3 showed 
mirror diffraction symmetry along the 6 axis and systematic absences 
agreeing with C2/c or Cc (hkl, h + k=2n+\; AO/, h,l = In + 1; OJt/, 
k = In + 1; hkO, h + k = In + 1; AOO, h = In + 1; 0/tO, & = In + 1; 
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00/, / = 2n + 1). The structure of 3 was successfully refined in C2/c with 
a = 20.402(4) A, b = 10.555(2) A, c = 13.609(3) A, 0 = 94.38(3)°, V 
= 2922.1(10) A3, and Z = 4. For both models, Si and C positions were 
determined by direct methods with some outlying C and H positions 
being determined by successive difference Fourier syntheses (Siemens 
SHELXTL PLUS).' ' Full-matrix least-squares refinement was used to 
refine the models with Si and C atoms being refined anisotropically. For 
compound 2, H atoms were refined using a riding model with the exception 
of the methyl hydrogens which were placed in calculated positions. AU 
H atoms in 2 were given a fixed isotropic thermal parameter of 80 A2. 
For 3, all H atoms were refined isotropically with the methyl H atoms 
being refined with a common isotropic thermal parameter. For 2, 
refinement on 3894 unique reflections with |Fo| > 4.0<T(|FO|) from 3.5 to 
45° in 26 converged to R = 4.56% and Rv = 5.64%; all unique data 
(8044) gave R = 9.70% and Rw = 6.69%. For 3, refinement on 1551 
unique reflections with |Fo| > 2.0a(\FJi) from 3.5 to 45° in 26 converged 
to R.= 5.10% and Rw = 5.09%; all unique data (1922) gave R = 6.65% 
and R* = 5.26%. 

Results and Discussion 

In an effort to elucidate the reaction of lithium with cyclic 
o-ethynylbenzene systems, QBC (0.62 mmol) was reacted with 
an excess of lithium (5.04 mmol) in T H F at room temperature 
followed by the addition of trimethylsilyl chloride (39.5 mmol) 
and workup. This resulted in the formation of the rf,/-pair and 
meso isomers of 9,18-bis(trimethylsilyl)diindeno[2,3-g:2',3'-p]-
chrysene, 2 and 3 (Figure 1), in isolated yields of 38.2% (0.131 
g) and 16.4% (0.056 g), respectively. 

Our current working hypothesis for the mechanism of this 
reaction is that a trans radical anion (4) is produced upon reduction 
of one of the alky nes (Scheme 1). Molecular models suggest that 
the trans radical anion (4) will interact with the next alkyne in 
the chain to form a five-membered ring and a new radical (5). 
On the basis of molecular models, the radical (5) is best situated 
to interact with an alkyne across what was once the central cavity 
of QBC to form a six-membered ring and a new radical (6). 
Mechanistically the reaction is completed with the coincident 
formation of six- and five-membered rings, radical trapping with 
Li, and a 2-fold reduction. It is not clear at what stage protonation 
takes place. T H F is known to be a source of protons in other 
reactions.12 

The crystal structures of 2 and 3 show helical geometries which 
arise in part from steric interactions of hydrogens on rings H and 
F with those of rings A and G, respectively (for ring labeling see 
Scheme 1). The closest, average hydrogen-hydrogen interaction 
is 2.218 A for both independent molecules in the asymmetric unit 
of 2, and the closest interaction is 2.226 A for 3. The pitch of 
the helical interaction13 measured between rings H and A, or F 
and G, is 40.9° for 3 and an average of 46.0° for 2. In the meso 
compound, 3, the two helical interactions have opposing P and 
M helicity14 '15 and are related by an inversion center. In 2, the 
two helical interactions complement one another (P,P or M,M) , 
making the overall structure spiral with the same pitch and 
direction (P or M) around a third chiral axis. This third chiral 
axis lies midway between and perpendicular to the first two helical 
axes and passes between C23 and C24, C l and C17, and C7 and 
C8. 

In 2 and 3, a correlation can be drawn between the chirality 
of an sp3 center of a five-membered ring and the helicity of the 
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Figure 1. Thermal ellipsoid plots of one of the rf,/-pairs, 2 (S,P,S,P (top) 
and R,M,R,M), and the meso compound 3 (R,M,S,P (bottom)) drawn 
at 50% probability. 

coil containing the same five-membered ring. S centers are 
associated with P helical axes and R with M. 

Rings C and D are common to two of the helical interactions. 
This and the positioning of the trimethylsilyl groups cis or trans16 

have a marked effect on the twisting of the central chrysene 
defined by rings C, D, H, and G of both 2 and 3. This twisting 
of the central chrysene in 2 (cis) is demonstrated by a 32.7° 

(16) Cis or trans assignment made relative to the least-squares plane of 
the fused ring portion of the molecule. 

Me3SiCI 

(7) 2&3 

torsion angle between rings H and G. The progression of this 
twist in 2 can be followed by the angles made by rings B (6.0°, 
9.8°), C (18.1°, 26.7°), D (34.6°, 43.6°), E (46.7°, 59.2°), and 
F (51.3°, 68.8°) relative to ring A.16 This effect is more 
pronounced in the second molecule of the asymmetric unit of 2 
(second angles). AU C-C bond distances and C-C-C bond angles 
in both independent molecules of 2 are within \% probability of 
being the same on the basis of the differences between cor
responding bond lengths being less than 2.58o-aif.17 An undulation 
of the central chrysene is observed in 3 (trans) with C3, C4, and 
C16 displaced 0.2020, 0.1831, and 0.3540 A above and C6 and 
C7 displaced 0.1939 and 0.1336 A below its least-squares plane. 
This undulating of carbons in and out of the least-squares plane 
of the central chrysene in 3 is continued down the chrysene 
backbone as related by the inversion center. A significant 
alternation of bond lengths conforming to the resonance form 
shown in Scheme 1 is observed in rings C and D of both 2 and 
3. 

We are currently investigating reductive, intramolecular 
cyclization of larger cyclic o-ethynylbenzene systems18 and linear 
ortho-ene-yne systems with prospects of forming helical ribbon 
oligomers and polymers. These nonplanar systems should have 
enhanced solubilities in comparison with planar aromatic chains 
of comparable molecular weight. The synthesis of main-group 
and transition-metal complexes of 2 and 3 is underway. 
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