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Synthesis and Structure of 1,7=Dichlorodibenzo[ef,kl]heptalene- 

4,lO=dione, a Saddle-Shaped Polycyclic .Aromatic Compound 

Robert A. Pascal, Jr.,+ and Douglas M. Ho 
Department of Chemistry, Princeton University, Princeton, New Jersey 08544 

Abstract: We describe the synthesis andX-ray crystal smcture of the title compowd, which is thejirstfidly 

unsaturated &rivative ~dibetw[qfkl]heptak~~ to bs prepared. The X-my structun meals a saddle-shaped molectde 

possessing appmimate C2 symmetry. 

Diben&f$,krJheptalene (1) has not been prepated, nor has any derivative which rtxnains fully unsaturated.1 

The related tetracyclic compounds pymne (2) and azupytene2 (3, dicyclopenta[eftkQheptalene) have a long history, 

but these am stable planar aromatic molecules. However, any planar geometry for compound 1 would require 

several abnormal bond angles (or bond lengths), and it is very lily that the ring system would deform fkom 

planarity to relieve such angle strain. Our interest in nonplanar polycyclic aromatic systems3 has led us to prepare 

1,7-dichlorodibenzo[ef,kll-heptalene-4,lOdione (4) and to characterize its structure by X-ray crystallography. 

1 2 3 4 

Most of the synthesis of 4 was classical and straightforward (Scheme 1). 2-Iodo-6-chlorotoluene4 was 

brominated and carried through a standard malonic ester synthesis to yield the phenylpropanoic acid 5 (77% overall 

yield).5 This material was csterified, subjected to an Ullmann coupling, and hydrolyzed to give the biphenyl diacid 

6 (20% o~erall).~ The tetracyclic ring system was fmmed by double FriedeKrafts acylation. The chlorine atoms 

prevent reaction ortho to the pmplonic acid groups (which would yield five-membered rings); the only remaining 

possibilities for intramolecular acylation give the desired seven-membered rings. When compound 6 was heated in 

polyphosphoric acid at temperatutes lower than 160 “C, only a single cyclization occurred, but after heating at 200- 

220 OC for one hour, compound 7’ was isolated in 40% yield by silica gel chmrnatography (CH&12). 
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For the Snal &hydrogenation, DDQ oxidation was unsuccessful, but treatment of 7 with benzeneselenenic 

anhydtide* gave signiticant amounts of compound 4 (1020% yield), always accompanied, however, by at least six 

other byproducts under the variety of conditions tried (solvents toluene and chlorobenxene; temperatures 90-130 “C; 

reaction times OS-4 h). Compound qg was putifkd from these mixmres by preparative TLC (4: 1 benzene 
hexanes), and among the isolated byproducts was compound 8, lo a planar compound which results from the 
remarkable loss of two carbons during the oxidation.” 
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Scheme 1. Conditions: (a) Br#MCC!@eflux; diethyl malonateJNa/EtO~, HcvHzoIHoAJreflux; 

(b) EtOH/H+Aeflux; Cu/240 ‘c; HCl/F$O/HOAc/Mlux; (c) PPA/220 “c; (d) (PhSeO)20/PhCl/100 T. 

Single crystals of compound 4 were obtained from benzene, and an X-ray crystallographic analysis12 yielded 

the structute illustrated in Figure 1. The molecule adopts a conformation with approximate C, symmetry, and its 

overall saddle shape is clearly evident in the figure. The torsion angle between the two six-membered rings is 

approximately 46O. l-l 

Figure 1. Computer generated 

perspective drawing of the crystal 

structure of compound 4 (thermal 

ellipsoids at 50%). 
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Thedegreeaf~~incompound4issuchthattheaveragedevietionofitscarbonatoms~theman 

plane of the Cl8 tetracyclic nucleus is 0.47 k and C-6 and C-12 deviate ftom the mean phme by 0.95 A and 0.89 

A, nzspectively. Par comparison, in the saddle-shaped hydrocarbon F]chculene13 (9) the avera@ and maximal 

deviations from its mean plane (+&ted in the same way) axe 0.5 1 A and 1.07 A, respectively, but the distortion 

isspreadoveramuchlargermkculethan4. 

9 

It may be possible to reduce compound 4 to the patent hydmcarbon 1, but the low yield of the pnsent 

synthesis (0.51% overall) renders the exploration of such chemistry impmctical at this time. 
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