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Introduction 
In 1983, Kivelson and Chapman' proposed the possi- 

bility of cyclic polyacenes in their computational study of 
infinite linear polyacenes as potential one-dimensional 
conductors. Although we find these cyclic polyacenes to 
be inherently interesting, they have apparently not been 
studied since this original report? 

The smallest and simplest possible cyclic polyacene 
contains three fused hexagonal rings, 1. Drawn as 1, the 
molecule does not contain any aromatic 'sextets3 and is, in 
fact, a Hiickel4n system with 12 T electrons. 

m 
1 

If the presence of an aromatic sextet is of greatest im- 
portance to the stability of this cyclic triacene (cyclo- 
anthracene), 1 could be envisioned as containiig one (but 
only one) lateral aromatic ring. Such a structure, 2, must 
be a diradical with the unpaired electrons conjugated with 
both the aromatic system and the two alkene moieties, as 
in 2a and 2b. Other possibilities, 2c and 2d, place the 
radicals in adjacent rings. (There are two additional seta 
of four equivalent structures in which the aromatic system 
is permuted into the other two lateral hexagonal rings.) 
A total of 12 "resonance structures" for such a small 
molecule, albeit all diradicaloid, might allow the molecule 
some stability. However, the extremely distorted non- 
planar nature of the central carbon atoms and the subse- 
quent unfavorable orbital overlaps may make the conju- 
gation effects unlikely and, therefore, somewhat less im- 
portant. 
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There is yet a third possible representation of 1. The 

molecule could be described as a "l,3,5-face-fusedW- 

(1) Kivelson, S.; Chapman, 0. L. Phyn. Rev. B 1983,28,7236. 
(2) Some partiaUy hydrogenated, nonconjugated relatives of the cyclic 

polyacenea have been studied using the MM2 method. Alder, R. W.; 
Sessions, €2. B. J. Chem. SOC., Perkin Trans. 2 1986, 1U9. 

(3) Clnr, E. The Aromatic Sextet; W h y :  London, 1972. 
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cyclophane, as in 3a. If cyclo-anthracene were constructed 
in this manner, 3 would contain two probably extremely 
distorted aromatic systems, but delocalized bonds might 
be expected on the molecular "top" and "bottom*, as in 
3b. The delocalized systems would be connected by iso- 
lated single bonds. 

3 

We have developed an interest in moderately strained 
systems composed of benzene-like hexagons.' The cyclic 
polyacenes certainly meet this strain criterion, and 1 would 
probably be expected to exceed the term 'moderately". 
Herein we report our computational investigation of 1 
using the MNDO (modified neglect of diatomic overlap) 
method! 

Methods 
The MOPAC Version 5.0 packages of semiempirical 

molecular calculational programs, which incorporates 
MNDO, was used. All minimization calculations were 
carried out on an Apollo/Hewlett-Packard DN4600 
workstation under the Domain O/S operating system. For 
calculations involving force constant determinations, an 
Apollo/Hewlett-Packard DNlOOOO computer was em- 
ployed due to the long times involved for these calcula- 
tions. 

For the successful7 initial trial geometries (ITGs), and 
the Z matrices, all carbon-carbon distances were set at 
either 1.3,1.4, or 1.5 A, while carbon-hydrogen distances 
were set a t  either 1.1 or 1.0 A. All hexagons were consid- 
ered to be regular, with angles of 120O. Each hexagon was 
considered to be individually planar, and the plane torsion 
angle between two adjacent hexagons was set to 60° so as 
to produce an overall system with a triangular cross-sec- 
tion. All 3n-6 degrees of freedom were allowed to "izn 
fully under the MNDO conditions. The keyword PRE- 
CISE was used to automatically increase the gradient norm 
and self consistent field criteria by a factor of 100. This 
increase resulted in individual distance, angle, and torsion 
gradients of less than 0.01 kcal/A or kcal/radian. 

Results and Discussion 
The simplest cyclic polyacene, cyclo-anthracene, is 

formally constructed from three cyclically fused hexagons. 
This molecule minimizes on the MNDO potential energy 

(4) Krebs, J. F.; Zoellner, R. W. R o c .  Not. Conf. Undergrad. Rea., 
Fifth 1991,2, in press. 

(5) Dewar, M. J. S.; Thiel, W. J. Am. Chem. SOC. 1977, 99, 4899. 
(6) Quantum Chemistry Program &change (QCPE), Indiana Univ- 

ersity, Department of Chemistry, Bloomington, IN 47405. QCPE Pro- 
g-ram number 455 (version 5.0), 'MOPAC A General Molecular Orbital 
Package". 

(7) Only ITGs in which all hexagons were regular and planar, pro- 
ducing a molecule with a triangular cross-section, resulted in an output 
optimized molecule which exhibited real vibrational, rotational, and 
t r d t i o n a l  frequenciea after a force constant calculation. Other ITGs, 
in which the input geometry appeared to be a better approximation of 
the succdully minimized geometry, resulted in molecules with imagi- 
nary tranelational frequencies after force constant calculations, and were, 
therefore, not considered further. The input geometry with cubon- 
carbon distances of 1.4 A and carbon-hydrogen distances of 1.0 A reeulted 
in the optimized molecule with the least positive (moat stable) heat of 
formation. 
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Notes 

Figure 1. Bond distances in MNDO-optimized cyclo-anthracene. 
Bond distances are symmetrical about the plane which bisects 
bonds CW3, C6-C8, and C8-CB. 

Figure 2. Selected nontrivial bond angles (LC-C-C only) in 
M"ized cyclo-anthracene. Bond angles are symmetrical 
about the plane which bise& bonds C W 3 ,  C W 6 ,  and C8-Cg. 

surface with a heat of formation of +451.1 kcal/mol, an 
ionization potential of 7.879 eV (calculated from the energy 
of the highest occupied molecular orbital), and a dipole 
moment of 1.533 debye. Force constant calculations in- 
dicate that all vibrational frequencies are real, as are the 
rotational and translational modes. 
An examination of bond distances (Figure 1) and bond 

angles (Figure 2) indicates that the molecule is symmetzid 
about a plane bisecting the bonds connecting CW3, C6-C6, 
and C8-C9. However, there is no resemblance apparent 
between this MNDO-optimized molecule and the cyclic 
polyacene structure, 1, proposed by Kivelson and Chap- 
man,' or to a face-fused cyclophane, 3. Rather, the min- 
imized structure contains two cyclopropano groups op- 
posed to each other on the top and bottom portions of the 
molecule, connected by a short double bond. The re- 
maining hexagonal ring is symmetrical and boatlike, con- 

Table I. MNDO-Optimid Bond Indices' for 
cvclo -Anthracene 

~~ 

bondb bond index bondb bond index 
C'C2, C*C' 0.967 C1C6, CcC6 0.932 
C1-C7, CW1O 0.914 C'-C3 1.803 
C'427,C8-C*0 0.963 C6Cs 1.286 
C6-CY2, C6C" 1.473 C7C8, Ce-C1O 0.933 
ckc9 1.643 C*C", Ce-C12 1.117 
C-He 0.950 

a Total of u and r bond order componenta. For atom numbers, 
see Figures 1 and 2. 'Average of all six C-H bond indices. 

taining three bonds of 1.500 A, two of 1.461 A, and a final 
bond of 1.467 A. Such a structure resembles 2 if two 
cyclopropano groups are added 80 as to eliminate the need 
for a diradicaloid system (as in 4). 

4 , . 
Is the ring formed by C6-C6-C11-C8-CB-C'2 aromatic 

(or at least delocalized) as implied by the structures com- 
prising 2? The boatlike conformation and the relatively 
long bond lengths imply that the ring is not delocalized. 
However, without multiple-bond character, the valence of 
each of these six carbon atoms is less than the four ex- 
pected for carbon atoms. 
An examination of bond indica for the molecule (Table 

I) solves the problem of aromaticity or delocalization in 
the unique ring formed by C6-C6-C11-C8-Cg-C'2. Even 
though the bonds in this ring exhibit no significant al- 
teration in length, bond index data indicates that the ac- 
tual bonding in this ring alternates between relatively 
strong bonds (C6-C12 C6-C1', and C8-Cg) and relatively 
weak bonds (C6-C6, 'C8-C9, and Cg-C12). Thus, bond 
lengths notwithstanding, this ring of the molecule is best 
described as a boatlike cyclohexatriene moiety, frozen in 
one benzene-like Kgkulg structure by the overall geometry 
adopted by the molecule. 

Such a boatlike benzenoid structure is not without 
precedent. Regitz and co-workers8 have reported the 
crystal and molecular structure of a highly substituted 
benzene ring which is strongly distorted due solely to steric 
strain factors. Their substituted benzene, which con& 
three adjacent 4,5,6-tert-butyl groups which are also ad- 
jacent to three alkoxycarbonyl groups (1-methoxy-, 2- 
tert-butoxy-, and 3-methoxycarbonyl), adopts a signifi- 
cantly boatlike conformation, with prow and stem angles 
of approximately 30' and 12O at carbons 1 and 4. Such 
a molecule is even more intereating than the boat distortion 
in cyclo-anthracene, since the distortion in cyclo- 
anthracene is forced upon the molecule by the ring fusion 
geometry, while the distortion in the molecule reported by 
Regitz and co-workers is purely steric in origin. 

Conclusions 
The simplest cyclic polyacene, cyclo-anthracene, is a 

stable minimum on the MNDO potential energy surface. 

r . 

(8) Mu, G.; Fink, J.; Wingert, H.; Blatter, K.; Regitz, M. Chem. Ber. 
1987,120,819. 
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The optimized molecule is symmetrical about a plane 
bisecting the top and bottom portions of the molecule and 
contains two opposed cyclopropano groups connected by 
a strong double bond. One of the hexagonal rings in the 
molecule is best described as a cyclohexatriene moiety 
frozen in one of the Kbkul6 structures of benzene. This 
cyclohexatriene moiety contains abnormally long bonds 
which are calculated to exhibit multiple-bond character. 
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We have recently demonstrated the versatility of a 
modified Mosher method to elucidate the absolute con- 
figuration of organic compounds possessing a secondary 
alcohol moiety.' This method has been further extended 
to the absolute colifigurations of primary amines such as 
amino acids? This method seems to be superior to other 
chemical methods in that it utilizes the chemical shift 
differences of many protons, and it as well has a self-ex- 
amining functiotl.' Although application of the method 
is limited to the compounds possessing a hydroxyl (or an 
amino) group, it should be employed for non-hydroxyl 
compounds that have the functional group that can be 
converted to a secondary alcohol. In this report we de- 
scribe a n ~ t h ~  application of the method used to determine 
the stereochemistry of a marine diterpene. 

In the course of our searches for pharmaceutically active 
components from the Okinawan soft coral of the genus 
Sinularia flexibilis? we isolated lobatriene (1) as a mod- 
erafely cytotoxic substance together with (+)-@-elemene 
(2). Lobatriene has been obtained from the Great Barrier 

(1) Ohtani, I.; Kueumi, T.; Kashman, Y.; Kakiaawa, H. J. Am. Chem. 

( 2 )  Kusumi, T.; F'ukuahima, T.; Ohtani, I.; Kakiaawa, H. Tetrahedron 

(3) We are grateful to Profeeeor J. C. Coll for identification of the soft 

Soc. 1991, 113, 4092. Literatures cited herein. 

Lett. 1991,32, 2939. 

coral. 
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Reef soft coral of the Lobophytum species, and ita struc- 
ture has been deduced by comparison of ita NMR prop- 
erties with those of ita analogues and 2.4 

We at first confirmed the validity of the proposed rel- 
ative stereochemistry of the substituents on ring A by 
extensive analysis of the NMR (500 MHz) data including 
COSY, H-C COSY, and NOESY spectra We next turned 
our attention on the stereochemistry of the dimethyl- 
hydroxymethyl group at C-17 of ring B relative to the 
asymmetric centers of ring A The dimethylhydroxymethyl 
group was deduced to exist in an equatorial position be- 
cause H-17 (6 3.25) appears as a doublet of doublets (J  = 
4 and 11 Hz). If ring B has a particular conformation with 
respect to ring A, NMR spectroscopy should be advanta- 
geous to deduce the stereochemical relationship between 
the substituents on rings A and Be5 The NOEs (see la) 
observed in the phase-sensitive NOESY spectrum are, 
however, quite confusing: Several unusual NOE cross 
peaks (e.g. H5d&5 and also H5eH14) appear from the 
protons on ring A to those on ring B. This anomaly must 
be owing to the rapid (on an NMFt time scale) rotation of 
the rings around single bond C4-C13. The rotation seemed 
not to retard even at -40 "C, because most of the NOEs 
shown in la were still observed at this temperature. E p  
oxidation of the double bond C13=C15 (to afford diepoxide 
3), which was done to increase the sterid bulkiness around 
C13X15, was ineffective in slowing down the rotation. We 
therefore performed some chemical reactions to determine 
separately the absolute configurations of the substituents 
of rings A and B. 

7 

1 ; lobatrlene 2 

l a  

Lobatriene (1) was treated with lithium in liquid am- 
monia: which resulted in the unusual product 4. On the 
contrary, reduction of 1 with lithium in ethylamiie' gave 
diol 5, in which the vinyl and isopropenyl groups on ring 
A were also saturated. The CD spectrum of 6 measured 
in the presence of a lanthanide shift reagent8 exhibited the 
first negative Cotton effect [A 307 (Ae -91,294 (O), 283 (Ae 
+8) nm] to indicate the R configuration at C-17. This 
finding was verifed by the modified Moeher's m e t h d  The 
(R) - and (S) -MTPA (me thoxy(trifluoromethy1) phenyl- 
acetic acid) esters of the diol (5; 1 mg in each reaction) were 

(4) Dunlop, R. W.; Web ,  R. J. A u t .  J.  Chem. 1979,32,1345. 
(5). Ishitauka, M. 0.; Kuaumi, T.; Ichikawa, A.; Kakieawa, H. Phyto- 

(6) Huffman, J. W.; Charles, J. T. J. Am. Chem. SOC. 1968,90,6486. 
(7) Hallsworth, A. S.; Henbest, H. B.: Wrialev, T. I. J. Chem. SOC. 

chemistry 1990, 29, 2606. 

. - - .  
1957, 1969. 

(8) Dillon, J.; Nakanishi, K. J. Am. Chem. SOC. 1976, 97, 6417. 
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