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Starting from 2,3,5,6-tetramethylidene-7-oxanorbornane, repetitive quinone Diels-Alder/oxidation reactions 
produced a series of epoxypolyacenequinones with up to eleven linearly annulated rings. Epoxide ring open- 
ing-oxidation gave polyacenequinones with seven and eleven linearly annulated rings. 

Our goal in this study was to develop a method for the 
synthesis of linear, multiring, polyquinoidal polyacenes. 
Such compounds are of theoretical and perhaps practical 
interest because of their electronic properties. Considered 
in the context of polyacene hydrocarbons, like hexacene, 
quinoidal derivatives have interesting possibilities for 
substantially varying the electronic structure of a large 
molecular framework, and by appropriately choosing 
quinone-, semiquinone-, and hydroquinone-type moieties 
the reactivity and the optical, magnetic, and electrical 
properties could be controlled. These functionalities might 
also be used to address the classic solubility problems that 
so restrict the study of linearly annulated polyacene hy- 
dr0carbons.l Lastly, these quinoidal groups also seemed 
to provide a synthetic advantage for the construction of 
such frameworks. 

The synthetic route that has been explored here involves 
repetitive Diels-Alder reactions using appropriate bis- 
dienes and quinones. Shown schematically in eq 1 is the 
conversion of monocyclic reactants to a quinoidal penta- 
cyclic product and on in a second cycle to a tridecacyclic 
product. Continuation could in principle produce ex- 
traordinarily large, linearly annulated frameworks, and 
manipulation of the quinoidal or other groups could give 
desirable properties. 

Previous polyacenepolyquinone syntheses fall primarily 
into three classes involving Friedel-Crafts,2 aldol,3 or 
Dieb-Alder4 condensations. For example, Mills has used 
Friedel-Crafts reactions of phthalates to prepare com- 
pound 1 in moderate yield.2 In all this older work, the 
structure proof was based on elemental analysis and in- 
dependent synthesis. Also prepared by this method were 
seven compounds with six to eight rings and varying 
numbers of quinones and hydroquinones. Only elemental 
analyses were obtained. No structural information was 
provided for a nine- or eleven-ring compound, each con- 
taining four hydroquinones and two quinones. 
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Aldol condensations have been used to prepare six 
monoquinones with five, six, or seven rings, e.g., ‘A3 Ev- 
idence has also been presented for the synthesis of the 
eight-ring compound, 3.4 The largest compound which has 
been reasonably characterized using spectroscopic tech- 
niques is 4, prepared by base-catalyzed, oxidative dimer- 
ization of 2-meth~l-l,4-tetracenedione.~ In all cases these 
larger compounds are at best sparingly soluble. The single 
case where an NMR spectrum was reported used H2S04 
to protonate and solubilize the compound 1. In a similar 
vein, mass spectra have seldom been reported, presumably 
because of the nonvolatility of these compounds. 

Diels-Alder condensations of quinones and dienes have 
been reported to lead to one polyacenequinone with six 
rings6 and several more thoroughly characterized products 
with five rings.’ A variety of dienes and diene precursors 
have been treated with quinones to produce smaller 
products. Perhaps the most extensive studies have used 
o-xylylenes generated in situ from suitable precursors. 
Three of the most useful o-xylylene generating reactions 
are benzocyclobutene pyrolyses: a,&’-dihalo-o-xylene re- 

(5) Baxter, I.; Cameron, D. W.; Titman, R. B. J.  Chem. SOC. C 1971, 
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actions with iodideg and reactions of a-(trimethyl- 
ammonia)-a'-(trimethylsily1)-o-xylenes with fluoride.1° 

All of the above condensation methods and other rela- 
tives have been employed as tools in the recent drive to 
prepare anthracyclinone derivatives." Of particular in- 
terest among these is the use of tetramethylidene-7-oxa- 
norbonane 5 by Vogel and co-workers12 as a bis-diene 
which could be sequentially condensed with two different 
Diels-Alder enes to build up the anthracyclinone skeleton. 
The epoxy bridge was opened with acid. The most per- 
tinent reaction sequence is shown in eq 2. Compound 5 
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larger  compound^.'^ For those polyacenequinones without 
solubility, 13C crowpolarization, magic angle spinning (CP 
MAS) NMR spectroscopy was shown to give highly (1-2 
ppm) resolved spectra on powder samples. Both tech- 
niques offer basic advantages for future studies and in 
principle could be employed to confirm the proposed 
structures from the literature, which were cited above. 

5 a 0 
BQ 6 

OMe 

&&& ( 2 )  TFA,  air- r 

was attractive for repetitive Diels-Alder reactions because 
it was a selectively reactive bis-diene, because the epoxy 
bridge retained in intermediates was expected to help 
solubility and because there appeared an excellent prospect 
for versatility in the approach, depending on the structure 
of the two quinone enes and the type of epoxy ring 
opening-aromatization process employed. 

In the present study we have been able to begin with 
5 and to demonstrate that the repetitive Diels-Alder, ox- 
idation route could be used to construct molecular 
frameworks with up to eleven linearly annulated rings. We 
have also prepared two large polyacenequinones. As ex- 
pected, solubility and volatility presented problems. Some 
of these problems were addressed synthetically, others were 
addressed by the use of two relatively new spectroscopic 
methods. Laser desorption Fourier transform mass 
spectrometer (LD-FTMS) was shown to be the mass 
spectroscopic method of choice for the analysis of these 
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Results 
As indicated, some success has been achieved following 

the oxanorbornane 5 route. Our studies began, however, 
with an alternative pathway involving xylylene reactions. 
It may be instructive and it seems of some use to briefly 
summarize these results first. This will be followed by 
descriptions of the synthesis of epoxypolyacenequinones. 

A Bisxylylene Route. Compounds that could be used 
to generate o-xylylene functionalities on both sides (1,2 and 
4 3 )  of an aromatic ring were sought and, following the 
studies of LePageg and of Cava,14 the reaction of iodide 
with a suitable tetra benzylic halide was explored. Two 
precursors (7a,b) proved to be accessible. Duroquinone 
was reduced with stannous chloride, methylated with 
methyl sulfate, and then brominated with N-bromo- 
succinimide, giving 7a. In a similar way 7b was prepared. 
These compounds were then reacted in DMF with iodide 
and 2,3-dimethylbenzoquinone. This quinone was chosen 
because it seemed likely that the product could be carried 
on by benzylic bromination to give a repetitive growth of 
larger acenes. The Diels-Alder reactions, including deh- 
ydrogenation, were successful, giving 8a and 8b in 18% and 
21% yield, respectively. Compound 8a was quite insoluble 
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in all solvents, while 8b was reasonably soluble in halo- 
genated solvents and dissolved slightly in benzene or 
acetone. Structural identification was straightforward 
except for the mass spectra. These and all other large 
products generated in this study were very nonvolatile, and 
when high probe temperatures were used for electron-im- 
pact mass spectrometry (ELMS) they underwent extensive 
decomposition. It was found that LD-FTMS5 gave very 
useful, high-resolution, negative ion spectra for 8b and for 
every other compound investigated. This technique uses 
the sample as a packed powder (neat or in KBr). Ioniza- 
tion and desorption comes from a C02-laser pulse. It seems 
an excellent analytical method for nonionic, nonvolatile, 
poorly soluble compounds.13 

(13) Thomas, A. D.; Miller, L. L.; Wilkins, C. L.; Weil, D. A. J. Chem. 

(14) Cava M. P.; Deana, A. A,; Muth, K. J. Am. Chem. SOC. 1959,81, 
SOC., Chem. Commun., in press. 
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(15) Wilkins, C. L.; Weil, D. A.; Yang, C. L. C.; Ijames, C. F. Anal. 

Chem. 1985,57,520. 
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The Diels-Alder reactions were limited succwsea in that 
the yields were low and other similar reactions, e.g., 7a with 
BQ, were even less successful. In all cases there were 
numerous byproducts. I t  seemed that o-xylylene inter- 
mediates were too reactive, and it was established that 
iodide reacted directly with quinones in DMF. Therefore, 
attention was turned to the more selective, direct reaction 
of 5 with quinones, in the absence of nucleophiles. 
2,3,5,6-Tetramethylidene-7-oxanorbornane (5) 

Routes. Compound 5 was synthesized following the 
procedures of Vogel and co-workersle with minor modifi- 
cations indicated in the Experimental Section. Following 
Diels-Alder addition of furan and maleic anhydride, a 
biscarbomethoxylation and esterification gave 9. Reduc- 
tion with lithium aluminum hydride and treatment with 
thionyl chloride gave tetrachloride 10. Of particular utility 
was avoidance of isolation of 5. This bis-diene is prone 
to polymerization and it is better to store quantities of 10, 
generate 5 as needed, and react it without purification. 

C H 3 0 2 e 2 C H . q  - 11::&/H2Cl - 5  

CH302C C02CH3 CH2CI 

9 10 

Reaction of 5 with BQ proceeded in refluxing CH&N 
to produce 6 in 91% yield, and using naphthoquinone 
(NQ) the adduct 11 formed in 83% yield. A complete 
double resonance study of the aliphatic protons in 11 re- 
vealed a proper assignment of the peaks to specific hy- 
drogens as indicated in the Experimental Section. The 
stereochemistry of 6 which results from an endo-Diels- 
Alder addition was established by an X-ray structure on 
a derivative." Similar stereochemistry presumably holds 
for 11. 
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Synthesis of bis adducts 12 and 13 was possible by using 
either longer reaction times or higher temperatures. The 
products, which precipitated from the reaction mixtures 
were, however, extremely insoluble in all common solvents. 
This prevented purification and led to exploration of an 
alternative route to larger polyacenequinones. This route 
started with monoadduct 6, which was tautomerized with 
KzC03 in acetone to the hydroquinone 14 and then oxi- 
dized with DDQ to the key intermediate 15. Even more 
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simple was the oxidation of 11, which was accomplished 
by stirring it in CH2C1, over alumina. It is presumed that 
alumina serves to tautomerize 11 to a naphthohydro- 
quinone and that the oxidant is oxygen. This alumina air 
reaction did not take place with 6, presumably because in 
comparison with 14, a naphthohydroquinone from 11 
should be more easily oxidized. 

R 

1 6 ( 9 6%) 

It was great fortune to discover that the aromatized 
adducts 15 and 16 were reasonably soluble. This en- 
couraged attempts to grow larger frameworks. In this 
regard 15 was a key intermediate since it could be con- 
verted to both a pentacyclic diquinone by using BQ and 
a pentacyclic bis-diene by using more tetraene 5, and these 
could then be used repetitively for further growth. Indeed, 
reaction of 15 with BQ or NQ proceeded readily to give 
the adducts 17 and 18. Similarly, 16 led to 19 and 20. In 
all four cases the products could be mixtures of stereo- 
isomers resulting from exo or endo addition. NMR gave 
no indication of isomers, however. Compounds 17-19 had 
reasonable or excellent solubility in halogenated solvents, 
while 20, capped with NQ on both ends, was only weakly 
soluble in any common solvent. 

The low solubility made it impossible to measure a so- 
lution-phase 13C NMR spectrum for 20. This problem was 
overcome, however, using solid-state NMR.'* All the 
resonances in the 13C CP-MAS spectrum, obtained on a 
powder, could be assigned to 20 on the basis of chemical 
shifts from model compounds run in solution. Assignments 
were confirmed by using interrupted decoupling to sup- 
press 13C lines from carbons with attached protons. EI-MS 
on 20 at  70 eV and 300 "C gave an appropriate high-res- 
olution molecular ion, but the low spectrum intensity and 
visibly extensive pyrolysis indicated that the method was 
at  its limit. Fast atom bombardment (FAB-MS) using 
several matrices including "magic bullet" (glycerol, tetra- 
ethanolamine, dithioerythritol, dithiothreitol) gave a mo- 
lecular ion too weak for high-resolution  measurement^.'^ 
This probably resulted because 20 did not dissolve in the 

(16) M-, C.; Carrupt, P.-A.; Hagenbuch, J.-P.; Florey, A.; Vogel, 

(17) Pinkerton, A. A.; Schwanenbach, D.; Stibbard, J. H. A.; C m p t ,  
P. Helu. C h m .  Acta 1980, 63, 1149. 

P.-A.; Vogel, P. J. Am. Chem. Soc. 1981,103, 2095. 

(18) Fyfe, C. A. Solid-state NMR for Chemists; CFC: Guelph, On- 
tario, 1983. 
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at the Midwest Center for Mass Spectrometry, University of 
Nebras ka-Lincoln. 
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dation over alumina to the desired pentacyclic bis-diene 
23 in 60% yield. Compound 23 was easily resolved into 
isomers with the oxygen bridges either syn or anti. The 
two isomers (R 0.2,0.5; 1% acetone/CH2C12, alumina) had 
identical IR, dS, and 'H and 13C NMR spectra. The first 
component was assigned the syn structure because it had 
a lower R value. The anti structure has a center of sym- 
metry and no dipole moment. The syn isomer is, therefore, 
more polar and can in principle more strongly bind to 
alumina by using both epoxy oxygens simultaneously. 

Studies intended to demonstrate the viability of the 
repetitive aspect of the approach have been undertaken 
using 23. Since this bis-diene is relatively soluble, it 
seemed likely that the Dieh-Alder addition would succeed, 
but it was unclear if the products would be soluble. Re- 
action of 23 in refluxing o-xylene with BQ gave 24 (62%), 
which was soluble in chloroform. Similarly, NQ gave 25 
(59%), which had limited solubility. Both products gave 

17 (58%) 

18 (62%) 

1Q (81%) 

20  (82%) 

matrix. In contrast LD-FTMS with a solid sample gave 
an intense, high-resolution, negative ion spectrum with 
fragment ions from loss of H, HzO, and C10H602 (NQ). 

The pentacyclic diquinone 17 was of special interest for 
the construction of larger frameworks. Therefore, it was 
tautomerized using silica (54% yield) and oxidized with 
DDQ to produce 21 (74%). Again, negative ion LD-FTMS 

21 

proved useful. Retro-Diels-Alder cleavage being impos- 
sible, (M-H)- was the major ion. In contrast, EI-MS on 
21 gave an inexplicable (M - 16) ion from loss of atomic 
oxygen and secondary ion mass spectrometry (SIMS) was 
unsuccessful. 

The next goal was to prepare a pentacyclic bis-diene by 
using 15 and 5. The Diels-Alder addition proceeded at  
70 "C to give a 91% yield of an adduct 22. Compound 
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22 could be composed of several stereoisomers. No attempt 
was made to separate these, and 22 was taken on by oxi- 
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high-resolution LD-FTMS spectra with major peaks from 
loss of H and retro-Diels-Alder cleavage. Again FAB-MS 
proved far less useful. Thus, the concept of repetitive 
Diels-Alder/oxidation reactions was demonstrated to be 
viable. Compound 24 is soluble, and it is an attractive 
candidate for further growth. 

Next it was of interest to produce a fully oxidized and 
aromatized polyacenequinone product without epoxide 
bridges, and the conversion of 20 to 26 was selected as an 
appropriate goal. It was clear that without first attaching 
other solubilizing groups, products like 26 would be dif- 
ficult to work with, but the potential of solid-state NMR 
and LD-FTMS made it worthwhile to try. Preliminary 
studies indicated that 20 would react with trifluoroacetic 
acid to a product tentatively identified as resulting from 
epoxide ring opening. Oxidation of this product with 
several reagents gave an insoluble product with IR and 
EI-MS data expected for 26. Therefore, on a larger scale, 
20 was dissolved in TFA and allowed to react in air for 27.5 
h. An orange solid was collected, then suspended in di- 
oxane, and treated with aqueous potassium hydroxide 
followed by hypochlorite. The IR spectrum of the product 
(74%) showed no indications of hydroxyl, ether, or ali- 
phatic groups. In general, the spectrum was simple and 
similar to that of 9,lO-anthraquinone as expected for 
structure 26. 

High-resolution EI-MS (positive ion) revealed the ex- 
pected molecular ion for structure 26 with successive loss 
of CO molecules. The accurate mass LD-FTMS (negative 
ion) also indicated 26 was obtained. However, an unex- 
pected peak of 904 amu was also observed in the LD- 
FTMS which was not observed by EI-MS. Recrystalliza- 
tion from boiling nitrobenzene produced a yellow micro- 
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crystalline material which did not show the 904 peak. 
Attempta to obtain lartiafactory elemental analyses data 
on materid which waa r e p t a l l y  recrystallized (nitro- 
benzene) or extracted (ahloroform, Soxhlet, 3 days) or 
sublimed (5 w, 360 "C) were unsuccessful. I t  was not 
possible ta acquire sobtion NMR data because this ma- 
terial wae h d u t h  in all 0o"aon solventa. However, the 
solid-state '9c NMR spectrum further supported the 
structural aseignment of 26. One carbonyl signal was ob- 
s e d  at 180 ppm. The intempted decoupling spectrum 
was useful in aeeigning the four types of aromatic ab- 
sorptions. 

Work on removing the ether bridges of the bis adduct 
26 was started, based on the method used for formation 
of 26. The undecacem derivative 25 was stirred with TFA 
in the preaence of air for 28 h. A dark red solid was col- 
lected and washed. A dioxane suspension of the red solid 
changed color ta grayish blue on addition of aqueous po- 
tassium hydroxide. This suspension was then treated with 
hypochlorite. The color changed to a light yellow. Re- 
peating the base and bleach treatment twice yielded a 
yellow suspension under alkaline conditions. The solid was 
separated and washed. The infrared spectrum indicated 
the absence of the ether bridges (840 cm-') and aliphatic 
functionality. The presence of a carbonyl and aromatic 
absorption were readily apparent. A spectrum of a Nujol 
mull weakly suggested the possibility of phenolic impur- 
ities. The LD-FTIMS was acquired for this material. The 
molecular ion (728 m u ,  ClsHlsOlo) expected for unde- 
cacene-5,7,9,11,13,18,~,22,24,26decone (27) was obtained. 
No ions of higher molecular weight were observed. An ion 
(714, CleH1809) not consistent with the expected frag- 
mentation pattern was, however, apparent, and it is 
speculated that this material was not completely oxidized. 

Thomas and Miller 

large frameworks in a systematic fashion and to develop 
a repetitive method that could be employed to grow larger 
and larger products. Repetitive Diels-Alder/oxidation 
pathways provide the first example of this systematic 
approach. Recognized at  the outset was the problem of 
solubility. Any large, rigid molecule will have a tendency 
to precipitate. If the solubility is too low, structural 
identification will be difficult, and it will be nearly im- 
possible to ascertain purity. Thus, any synthetic scheme 
should build in some measures to keep the intermediates 
and if possible the desired products soluble. 

The results reported above provide a demonstration of 
the repetitive Diels-Alder/oxidation approach. Thus, the 
stepwise conversion of the monocyclic bis-diene 5 and BQ 
to the pentacyclic bis-diene 23 and on to the nonacyclic 
diquinone 24 shows the efficacy of the approach. Product 
24 which is a candidate for further growth retains sub- 
stantial solubility. 

Frameworks that have been oxidized and aromatized to 
provide planar, polyacenequinone derivatives are of pri- 
mary interest for study of their physical properties. Sev- 
eral routes, whereby the solubilizing oxygen bridge can be 
opened can be envisaged. In the present study we aimed 
at  the simple polyquinonea 26 and 27. The structure proof 
for 26 is secure, but purity has not been unequivocally 
established. Compound 27 was clearly formed, but very 
limited data are available on this very insoluble material. 
The sequence employed which opened the oxygen bridge 
and then oxidized everything is of sufficiently high yield 
to be useful but may not be ideal. In other cases we have 
oxidized and then opened to form phenolic derivatives 
which have some solubility.21 Clearly, the reductive 
conversion of quinone units to solubilizing ionic or bulky 
groups is an interesting possibility. 

Finally, we note again the utility of LD-FTMS and 13C 
NMR on insoluble solids. These techniques are indicated 
as being extremely important for the future. Our studies 
will continue, and information on the physical and elec- 
trochemical properties of these large, rigid frameworks is 
being collected. 
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Discussion 
The synthesis of large carbon frameworks has been 

pursued by several research groups interested in these 
compounds from a theomtical viewpoint.20 Linearly an- 
nulated compounds of the type considered here have been 
primarily limited to polyacene hydrocarbons and quinones. 
It seemed important to approach the synthesis of such 

~ ~~ 

(a0) (4) L&ouhr, C. S; Gribble, G. W. J. Org. Chem. 198J,48,2364. 
(b) LehdIw , C. S.; Gribble, G. W. J.  Org. Chem. 1983,48,1682. (c) 

K. P. C. J. Am. Chem. Soc. lW, 107, 6870. (d) Hart, H.; Rajn, N.; 
Meudor, M. A; Weird, D. L. J. Org. Chem. lSSS, 48,4357. 

B e d ,  B. C,; HoPateemh, G. H.; Lai, Y.-H.; M d d q h ,  H.; V o U d t ,  

Experimental Section 
General Information. Preparative reactions were run with 

spectroscopic or HPLC grade solventa. Methanol was dried by 
treating with activated Linde-type 3A molecular sieves for 24 h. 
THF was freshly distilled from sodium and benzophenone (blue 
ketyl). Pyridine wm dried over activated Linde-type 4A mol& 
sieves for 24 h. Acetonitrile was distilled from P206. Acetone 
was distilled from CaSO,. Diglyme and o-xylene were distilled 
at reduced pressure from CaH2. 

Infrared spectra were obtained with a Beck"  AccuLab 1 or 
4250 instrument. 'H NMR spectra were obtained with either a 
Varian FT-80 or a Nicolet NT-300 spectrometer. *% NMR spedra 
were obtained from the same Nicolet instrument. Electron impact 
mass spectra were obtained on an AEI-MS3O instrument. The 
laser deaorption m u  spectra were obtained from the University 
of California-Riverside on a spectrometer that has been de- 
scribed.lb Melting points were determined with a Mel-Temp 
apparatus and are uncorrected. Elemental analyses were obtained 
from M-H-W Laboratories. 

1,4-Dihydroxy-2f5,6-tt~ethylbenzene. To a suspension 
of duroquinone (1.03 g, 6.3 mmol) in ethanol (5 mL) was added 
a solution of stannous chloride (2.74 g, 12.2 mmol) in dilute 
hydrochloride acid (25 mL). The mixture was warmed on a hot 
plate with stirring until the yellow color disappeared. The product 
appeared on cooling and was vacuum filtered. Recrystallization 
from dilute ethanol containing a little stannous chloride and 
hydrochloric acid yielded white needles (1.05 g, 6.3 mmol, 100%), 

(21) Wegman, A.; Chiba, T., unpublished results. 
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mp 231-232 OC (Litp mp 233 OC). 
l,a-Mmetboxy-epp,6-tt~ethylben~ne. In a three- 

necked, d + o t t o m e d  flask equipped with stirrer, condenser, 
and addition tunnel was placed a mixture of durohydroquinone 
(4.04 g, 24.3 mmol), dimethyl sulfate (20 mL, 210 mmol), and 
MeOH (20 mL). Under a N2 atmosphere, a saturated solution 
of poteesium hydroxide in methanol was added dropwise until 
the mixaVe was alkahe (1.5 h). The mixture was gently warmed 
during thie addition. The solution was acidified with sulfuric acid. 
After the methanol was concentrated, the mixture was added to 
water (100 mL) and extracted with diethyl ether (3 X 100 mL). 
The ether extra& were combined and washed with water (100 
mL). The organic layer was dried with MgS04 and evaporated 
invacuo. R e c r y d h  * tion from methanol produced white needles 
(3.56 g, 18.4 mmol, 76% yield): mp 112-114 OC (lit4" mp 112-115 
OC); IR (KBr) 3OOO w, 2962 w, 2855 w, 1458 m, 1380 8,1360 vs, 
1320 vs, 1065 8, 1025 s, 760 8, 750 8. The NMR data were in 
excellent agreement with those of the literature.u 
l p - D i m e t h o x y - 2 p ~ ~ ~ ( ~ o ~ 4 l ) b  (7a). 

A solution of 1,4dimethory-2,3,5,&tetramethylbe~ne (4.54 g, 
23.4 mmol), NBS (32.9 g, 184.8 m o l ) ,  and a spatula tip of di- 
benzoyl peroxide in 300 mL of dry carbon tetrachloride was 
refluxed under a nitrogen atmoephere for 3 h. After cooling to 
room temperature, thewhiteprecipitatewtmcdlectedby filtration. 
The product was recryetallized from acetone (firet crop, 10.3 g, 
20.2 mmol; second crop, 0.54 g, 1.1 "01): mp 218-220 OC; TLC 
(silica gel dichloromethane) Rf 0.65; IR (KBr) 2930 w, 2830 vw, 
1460 8,1436 m, 1410 8,1276 va, 1210 m, 1195 m, 1140 m, 1020 
VB, 925 m, 830 m, 630 m cm-'; 'H NMR (CDCIS) 6 4.75 (e, 
ArCH$r), 4.05 (e, AHXHd;  EI-HRMS calcd for Cl2Hl470Br4O2 
(M+) 605.7726, found 506.768& EI-MS, m / z  (ion', relative in- 
tensity) 612 (mlBrS, 8.4). 510 (M1BrZ, 14.1), 508 (W'Br, 10.4), 
506 (M, 22), 433 (WIBrs - Br, 31.9), 431 w B r 2  - Br, 97.8,429 
(Md'Br - Br, 100.0), 427 (M - Br, 32.6), 349 (M - 2Br, 2.2), 269 
(M - 3Br, 50.4), 190 (M - 4Br, 64.9), 175 (M - 4Br - CH3, 34.1). 
AnaL Calcd for C&,,Br,O$ C, 28.27; H, 2.77; Br, 62.69. Found 
C, 28.46; H, 2.94; Br, 62.51. 
1,4-Diacetory-~p,G-tt~ethylbenzene. Duroquinone 

(10.48 g, 63.8 "01) wm diseolved in acetic acid (150 mL) and 
acetic anhydride (300 mL). Zinc dust (15.52 g) and sulfuric acid 
(3 mL) were added. Under a nitrogen atmoephere, the mixture 
was refluxed until colorless (45 min). The zinc was collected by 
hot filtration and the filtrate concentrated in vacuo. Recrys. 
tallization from ethanol produced white needles (14.39 g, 57.6 
mmol, 90.1% yield): mp 206-208 OC (lit.@ mp 202-203 OC, lit.21 
mp 207 OC); 'H NMR (CDCls) 6 2.33 (a, Ar02CCHs), 2.04 (8,  
ArCHd. 
lp-Diacetoxy-2PP,~tt~~(bro"ethyl)~~ne (7b). 

1 , 4 - D i a c e t o r y - 2 , 3 , 6 , 6 - ~ e t h y ~  (6.15 g, 24.6 mmol), NBS 
(23.36 g, 131 mmol), and a spatula tip full of dibenzoyl peroxide 
were placed in a flask equipped with a reflux condenser. Under 
an atmoephere of nitrogen, 680 mL of dry carbon tetrachloride 
was added. The reaction mixture WM refluxed for 19 h. After 
cooling to 0 OC, the crude product w a ~  filtered off. The crude 
product was ~mhed with 350 mL of hot acetone. The white 
crystale of 7b (11.63 g, 20.5 m o l , 8 3 % )  were collected by fil- 
tration: mp 249-251 OC dec (lit.m mp 266-257 OC); TLC (silica 
gel dichloromethane) Rf Om IR (KEr) 1760 va, 1470 m, 1430 m, 
1365 a, 1 8 0  m, 1220 s, 1180 M, 1140 M, 1010 8,960 m, 880 m cm-4 
'H NMR (CDCld 4.47 (8, ArCH2Br), 2.48 (8, Ar02CCHs); EI- 
HRMS calcd for C1&'%r404 (M') 561.7624, found 561.7654; 
EX-MS m/z (ion+, relative intensity) M8 (@Bra 0.4). 564 W'Br, 
0.4), 562 (M, 0.2), 524 (M8'Br2 - Ac, 2.6), 483 (M - Br, 2.5); 482 
(W1Br8 - 2Ac, 8.4), 480 (W'Br2 - 2Ac, 5.7), 443 (M - Ac - Br, 
l.l), 363 (MslBr - Ac - 2Br, 3.3), 323 (W'Br - 2Ac - 2Br, 7.7), 
241 (MBIBr - 2Ac - 3Br, 7.5); 161 (M - 2Ac - 4Br, 26.6),43 (Ac, 
100.0). 
6,13-Dimethoxy-2,3,9,lBtetranrethylpentacene- 1,4,8,11- 

tetroae (&a). A mixture of 7a (1.00 g, 2.0 mmol), 2,3-di- 
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methylbenzoquinone (0.86 g, 6.4 mmol), and dry sod im iodide 
(1.88 g, 12.7 "01) in dry dimethylformamide (10 mL) was heated 
to 85 OC, in the presence of air. After 24 h TLC (silica gel, 
dichloromethane) indicated the absence of the dimethylquinone. 
The cooled reaction mixture was poured into water (10 mL). 
Aqueous sodium bisulfite was added. The crude product was 
collected by filtration and air-dried. The red brown product (0.92 
g) was chromatographed on a silica gel column with dichloro- 
methane eluting solvent. Elution of a red band and evaporation 
of solvent in vacuo to dryneas produced a red amorphous powder 
(0.16 g, 0.35 mmol, 18% yield): mp 370 "C dec; TLC (silica gel, 
dichloromethane) RfO.17; UV (CHzCIJ X, 262 (4.71), 324 (4.43), 
339 (4.64), 429 (3.51), 459 (3.68), 485 (3.89), 524 (3.96) nm; IR 
(KBr) 2900 vw, 1670 vs, 1600 m, 1440 m, 1360 m, 1350 8,1270 
vs, 1055 w, 1020 w, 960 w, 870 w cm-'; 'H NMR (CDC13) 6 9.13 

for C2eH?206 (M') 454.1416, found 454.1424, EI-MS m/z (ion', 
relative intensity) 454 (M, 49.7), 439 (M - CHs, 100.0), 424 (M 
- 2CH3, 6.1), 396 (M - 2CH3 - CO, 3.6). 
6,13-Diacetoxy-2,3,9,lO-tetramethylpentacene- 1,4,8,1 l-tet- 

rone (Bb). 7b (1.01 g, 1.8 mmol), 1.2-dimethylquinone (0.84 g, 
6.2 mmol), and dry sodium iodide (3.80,25.5 "01) were placed 
in a flask attached to a condenser. In the presence of dry air, 
dry DMF (10 mL) was added and the mixture heated to 85 OC. 
After 6 h, TLC (silica gel, dichloromethane) indicated the abeence 
of the dimethylquinone. The cooled reaction mixture was p o d  
into water (40 mL). Iodine was reduced with aqueous sodium 
bisulfite (5 mL) and the crude product collected by filtration. The 
crude product was chromatographed on a silica gel column with 
dichloromethane eluting solvent. Elution of an orange band and 
removal of solvent in vacuo produced an orange amorphous 
powder (0.20 g, 0.38 mmol, 21% yield): mp 170 "C dec; TLC (silica 
gel, dichloromethane) Rf 0.13; UV (CH2Clz) A, 256 (4.70), 300 
(4.29), 321 (4.30), 335 (4.52), 411 (3.47), 434 (3.45), 463 (3.41), 493 
(3.43) nm; IR (KBr) v(re1ative intensity) 2965 vw, 1760 vs, 1660 
VB, 1610 8,1440 m, 1370 8,1285 va, 1180 VB, 1140 m, 1040 m, 1020 
m, 900 w, 855 w cm-'; 'H NMR (CDCl,) 6 8.79 (e, H-5,7,12,14), 
2.77 (8, Ar02CCHs), 2.27 (8,  ArCH,); LD-FTHRMS calcd for 
C d p 0 8  (M-) 510.1315, found 510.1320; LD-FTMS m/z (ion-, 
relative intensity) 510 (M, 9 3 ,  467 ((M - Ac)-, 93.9), 424 ((M - 
2Ac)-, 100.0). 

Tetramethyl all-exo-7-0xanorbornane-2,3,5,6-tetra- 
carboxylate (9).16 A mixture of dimethyl 7-oxanorbornene- 
2,3-dicarboxylaten (22.2 g, 1.32 X 10-' mol), anhydrous CuClz (80.0 
g, 6.0 X lo-' mol), 10% Pd/C (1.33 g, 1.24 X mol), and 
anhydrous methanol (160 mL) waa shaken (Parr apparatus) for 
3-4 h at room temperature with CO (3-4 atm). After workup the 
white powder (33.2 g, 1.01 X 10-' mol, 76.2% yield) was collected, 
mp 157-158 OC (lit. mp 156-157 OC). 

all -ex0 -2,3,5,6-Tetrakie( hydroxymet hyl)- 'l-oxanor- 
bornane.'e A suspension of 9 (1.0 g, 3.06 X 1@ mol) in anhydrous 
THF (10 mL) was added portionwise to a stirred suspension of 
LiAlH, (freshly purified, 0.31 g, 7.86 X lob3 mol) in anhydrous 
THF (10 mL) maintained at 0 OC under a nitrogen atmosphere. 
The mixture was refluxed for 1 h. After the mixture cooled to 
0 "C, water (2 mL) was added dropwise under Nz atmosphere. 
The quenched mixture was heated under reflux for 1 min and 
immediately filtered through silica gel (5 g). The silica gel was 
extracted with boiling methanol (3 X 20 mL). The combined 
filtrate were evaporated in vacuo. Recrystallization from ethanol 
(15 mL) produced a white crystalline product (0.33 g, 1.51 X 10-9, 
50%): mp = 207-208 OC (lit. 208-209 "C). 

Following the literature,'8 10 was produced in 85% yield (21.0 
g), mp 149 OC (lit.16 mp 149 OC). 
2,3,5,6-Tetramethylidene-7-oxanorbornane (5).18 Solid 

t-BuOK (35.1 g, 3.13 X 10-' mol) WBB added portionwise to a stirred 
solution of 10 (7.94 g, 2.72 X mol) in anhydrous THF (200 
mL) cooled to 0 OC. The mixture was stirred at mom temperature 
for 18 h. Water (100 mL) was added until complete dissolution 
of KCl. The brownish mixture was extracted with pentane (3 X 
200 mL). The organic extracts were combined and washed with 
water (6 X 200 mL). All glassware used in workup was thoroughly 

(27) (a) Diele, D.; Alder, K. Chem. Ber. 1929,62,564. (b) Woodward, 
R. B.; Baer, H. J. Am. Chem. SOC. 1948, 70, 1161. (c) Lee, M. W.; 
Hemdon, W .  C. J.  Org. Chem. 1978,43, 518. 

(8, H-5,7,12,14), 4.26 (8, ArOCHJ, 2.29 (9, A S H &  EI-HRMS, dd 

(22) Smith, L. I.; Dobrovolny, F. J. J. Am. Chem. Soc. 1026,48,1420. 
(28) Smith, L. L; Miller, H. C .  J. Am. Chem. Sa. 1942,64,440. 
(24) Ron, K. A; C d d y ,  H. G. J. Org. Chem. 1961,26,3223. 
(25) Rugheher, L.; Hantel, M. Ber. 1896,W, 2176. 
(26) Euler, H. V.; Adler, E.; Hamlqnist, H.; Lundin, M. Ark. Kemi, 

Mineral, Geol. IS44, @A, 23; Chem. A k t r .  1966,66, P W k .  



4166 J. Org. Chem., Vol. 51, No. 22, 1986 

rinsed with distilled water. Afbr drying (MgS04 + activated 
charcoal), the solution was epsporated in vacuo to drynese in the 
dark (flesk wrapped with 7 ' foil). White cystalline flakes 
(3.6 g, 2.47 X lVZ mol, 91%) were obtained, mp 35-36 OC (lit. 
mp 36-37 "C). 
lf~,4~9,10,~-Octrrhy8ro-2,3-bi~(methylene)- 1 . 4 4 ~ -  

osyanthrac%ne-S,S-dione (6))* Under a nitrogen atmosphere 
the tatxaene 5 (7.5 g, 5.14 X mol) and benzoquinone (6.6 g, 
6.11 X 1Wz mol) were refluxed in dry acetonitrile (100 mL). TLC 
anatyeis (silica gel, 496 acetone/CH&12) revealed the absence of 
6 after 24 h. The oolvent was removed ueing a rotary evaporator. 
Washing the crude product with ether yielded white flakea (11.9 
g, 4.7 X l@ mol, 92%): mp 147 OC dec (lit. mp 147 OC dec); TLC 
(silica gel, 4% ace tme/d ich loromete)  R, 0.54. The IR, 'H 
NMR, and EI-MS data were in agreement with thoee in the 
literature." "C NMR (CDClJ b (attached H, carbon number 
assignmentm) 198.69 (0,7), 143.59 (0,4), 139.35 (1,8), 139.13 (0, 
2), 101.60 (2, l), 84.58 (1, 3), 46.51 (1, 6), 21.37 (2, 5). 

1,2,3,4,6,5a,l la,12-0ct.hydro-2~bir(laethylene)-1,4~~- 
o x y n a p h t h a ~ l l ~  (11). Under a nitmgea atmosphere, 
a solution of 5 (3.4 g, 2.3 X 10-* mol) and naphthcquinone (4.12 
g, 2.6 X lo-* mol) wan refluxed in dry acetonitrile (75 mL). As 
the reaction prO(pe0eed a whita precipitate was obeervai. After 
75 4 TLC (silica dit-he) indicated the absence of 6. 
Diethyl ether (75 d) wm added to tha cooled reaction mixture. 
The solid was eotbcted by filtration. Evaporation of the f h a t e  
to drynean p d d  eddltionel product. The combined pruducta 
were haroughly weahed with diethyl ether (100 mL), generating 
a white powder (5.76 g, 1.9 X mol, a%), which was ele- 
mentally pure: mp 202 O C  discolor, #I8 OC melt; TLC (silica gel, 
1% acetone/dichloromuthane) R, 0.32; W (dioxane) 222 
(4.711, 242 (4.28),292 (3.34),304 (3.32) nm. IR (KBr) 3080 vw, 
3005 w, 2940 w, 292ovw;29oovw, 284Ovw, 1700ve, 1680 vs, 1590 
8,1430 w, 1420 w, 1370 w, 1330 w, 1280 0,1250 VB, 1060 m, 965 
m, 940 m, 910 m, 895 m, 880 m, 840 m, 780 m, 725 m cm-'; 'H 

(e, H-1,4),5.07 (8, =CHM endo), 4 M  (8, -CHH em), 3.30 (t, CH), 
2.82 (d X d, CHd, 223 (d X d, CHd; '8c NMR (cDC1a 6 (attached 
H, carbon n u m h  adgmwnt? 187.10 (0,7), 143.76 (0,4), 139.29 
(0,2), 134.41 (&lo), 133.86 (0, a), 126.93 (1,9), 101.46 (2, l), 84.92 

304.1097, found 304.1090, ELMS m/z (ion+, relative intensity) 

for CpH1603: C, 7893; H, 5.30. Found C, 78.70; H, 5.40. 
5~6,7~,8a,l4a,16,16,17,17n-Decahydro-7,16-e~oxy- 

heptacene6,9,14,l&rone (13). A solution (120 OC) of 5 (0.41 
g, 2.8 X mol), naphthoquinone (0.96 g, 6.1 X mol), and 
dry diglyme (6 mL) was rehxed, u m k  a N2 atmoephere. Within 
15 min a white preeipitate started to form. After 28 h the solid 
WBB collected by filtration from the cooled readion mixture and 
washed with diethyl ether (20 mL). The white powder (0.51 g, 
1.1 X 109 mol, 39%), identified as 13, was iaeoluble in all common 
o r g a n i c h k  m~waevaeuumdist i l ledtoneardryn~.  
The residue wea washed with dichloromethane (20 mL). A white 
solid (0.24 g, 1.5 X 109 mol) WBB calleeted by filtration. IH NMFt, 
Et, and mass spectral dpie identified thia material aa na- 
phthohydroquinone. The- e filtrate wm evnporated 
in vacuo and washed with diethyl ether. Thin material (0.20 g, 

13 mp 235 OC discolor, 265 O C  dec; lR (KBr) 3070 vw, 2930 w, 
2880 w, 1670 va, 1650 vs, 1580 8,1430 w, 1360 w, 1320 m, 1290 
8,1275 8,1246 VI, 1060 m, 1010 m, 935 m, 830 m, 760 m, 740 m 
cm-'; EI-HRMS dcd for C&& (M+) 4621467, f d  4621r161, 
ELMS, m/z  (iaa+, relative intensity) 462 (M', 6.4), 460 ((M - 

4n,S96,7,7a,1 1a,12,13,14,14a-Decahydro-6,13-epoxy- 

NMR (CDClJ 6 8.12 (d X d, H-7,10), 7.79 (d X d, H-8,9), 5.26 

(1,3), 46.88 (1,6), 21.60 (2.5); EI-HRMS dd for c&& (M+) 
304 (M', 31.6), 286 ((M- H20)+, 75.6), 276 ((M - CO)', 100.0), 
252 (04 - C4HJ+, M O ) ,  224 ((M - co - c4H3+, 20.5). AnaL Cald 

6.6 X W-l, 24%) ~(I I I  identifiedm 12 by 'H NMRand EX-MS. 

2H)+, l.l), 464 ((M - 8H)+, l.l), 446 ((M - O)', 2.4), 440 ((M - 
0 - 6H)+, 1.2). 

Thomas and Miller 

(28) The dmne for num- arbon a t "  c4 ltructural formulae 
to ba tped for UC NMR m & g " n t s w  h g h  with carbon-1 m the 
carbon atom on the far righthand eide of the structural formula in the 
text uad pwasdrtoth lettgiving each unique carbon atam anumber. 
At" ~Lted  by aynum&y are lrat numbered. An an example tee 
rtructum 6. "hb ryrtem in lsre cum- than ueing the IUPAC 
numbering uysbm. 

pentacene-1,4,8,11-ttrone (12). A solution of 6 (0.17 g, 6.7 X 
lo-' mol) and benzoquinone (0.49 g, 4.5 X mol) in dry ace- 
tonitrile (4 d) was refluxed. After 2 h a white precipitate was 
observed. After 44 h the reaction was terminated. TLC (silica 
gel, 4% acetone/dichloromethane) indicated that 6 and benzo- 
quinone were not consumed entirely. The hot reaction mixture 
was filtered. The white powder (0.0375 g, 1.0 X lo-' mol, 15%) 
waa insoluble in all common organic eolvents mp 235 OC discolor, 
255 OC brown; IR (KBr) 3050 w, 2980 m, 2910 m, 2890 m, 2850 
w, 2830 w, 1670 va, 1600 m, 1430 m, 1375 m, 1330 w, 1260 va, 1190 
m, 1100 8,1055,950 m, 860 m, 830 8 , 8 0 0  w, 740 w an-': EI-HRMS 
calcd for CZHl8OS (M+) 362.1152, found 362.1152; ELMS m/z 
(ion', relative intensity) 362 (M+, 21.9), 360 ((M - 2H)+, 14.3), 

2H)+, 12.4). 
1,2,3,4,9,10-Hexahydro-5,8-dihydroxy-2,3-bis( met hy- 

lene)-l,4-epoxyanthracene (14). 6 (5.2 g, 2.1 X mol) was 
dissolved in dry acetone (350 mL). A spatula tip full of potassium 
carbonate was added, and the mixture was stirred at  room tem- 
perature under a nitrogen atmosphere for 18 h. TLC indicated 
the absence of 6. The dark reaction "re was filtered to remove 
the base. The fitrate was evaporated to dryneas by using a rotary 
evaporator. Washing the crude product with dichloromethane 
produced off-white flakea (4.2 g, 1.7 X 1V2 mol, 81%): mp 191-194 
OC dec; TLC (silica gel, 4% acetone/dichloromethane) Rf 0.23; 
IR (KBr and Nujol) 3380 be, 3010 w, 2880 w, 2825 w, 1580 w, 1480 
8, 1450 vs, 1420 8, 1360 8, 1325 8, 1245 vs, 1150 m, 1080 m, 950 
5,885 5,830 8,810 m, 735 m cm-'; 'H NMR (acetone-&) 7.65 (8,  
ArOH), 6.61 (8 ,  H-6,7), 5.24 (8,  4 H H  endo), 5.14 (s, H-1,4 and 
=CHH exo), 3.46-3.27 (m, CHd; EI-HRMS calcd for C16H1403 
(M+) 254.0941, found 254.0937; ELMS, m / z  (ion-, relative in- 
tensity) 254 (M+, 64.0), 237 ((M - OH)', 4.4), 225 ((M - CO - H)+, 

1,2,3,4-Tetrahydro-2,3-bis(methylene)-l,4-epoxy- 
anthracene58-dione (15). The hydroquinone 14 (47.7 mg, 1.88 
x lo-' mol) and DDQ (90.9 mg, 4.00 X lo-' mol) were suspended 
in benzene (4 mL). The mixture was refluxed under a nitrogen 
atmosphere for 24 h. TLC (alumina, 4% acetone/methylene 
chloride) indicated the absence of DDQ and hydroquinone 14 and 
the appearance of a new spot at R, = 0,51. After cooling, the 
DDQ-hydroquinone was separated by filtration. The filtrate was 
extracted with a saturated solution of NaHS03 (5  x 10 mL). The 
organic phase was separated, dried (MgS04), and evaporated in 
vacuo. The yellow product (45.5 mg, 1.82 X lo-' mol, 97%) was 
spectroscopically pure and acceptable for further synthetic use. 
Further purity was obtained by chromatography (alumina, di- 
chloromethane): mp 225 OC dec sealed tube; TLC (alumina, 
dichloromethane) R, 0.16, (alumina, 1 % acetone/dichloromethane) 
R 0.29, (alumina, 4% acetone/dichloromethane) R, = 0.51; UV 
(dioxane) A,- 256 (4.44), 337 (3.52) nm; IR (KBr) 3909 w, 3080 
vw, 3040 vw, 3020 w, 1670 va, 1610 va, 1360 m, 1315 vs, 1270 m, 
1245 m, 1190 m, 1125 8,1040 8,955 8,910 s, 890 5,855 m, 840 vs, 
770 m, 715 m cm-'; 'H NMR (CDClJ b 8.05 (e, H-9,10), 6.99 (s, 
H-6,7), 5.74 (s, H-1,4), 5.41 (8, =CHH endo), 5.33 (s, 4 H H  exo); 
'% NMR (CDCg) b (attached H, carbon numbeP) 183.68 (0,7), 
148.74 (0,4), 141.25 (0, 2), 137.39 (1,8), 130.97 (0,6), 116.46 (1, 
5), 104.27 (2, l) ,  82.37 (1, 3); EI-HRMS calcd for C16H1003 (M') 
250.0630, found 250.0630; ELMS, m/z (ion+, relative intensity) 

(M - 3CO - C2H2 - H, 30.5). Anal. Calcd for C16H1003: C, 76.79; 
H, 4.03. Found: C, 76.60; H, 4.04. 

1,2,3,4-Tetrahydro-2,3-bis(methylene)-l,4-epoxy- 
naphthaoene6,lldione (16). The cycloadduct 11 (36.1 mg, 1.19 
x 1P mol) was placed on an alumina column. The eluting solvent 
was dichloromethane with gradually increasing acetone concen- 
tration. A broad yellow band eluted off. Evaporation in vacuo 
of the solvent produced a light yellow powder (34.1 mg, 1.14 X 
lP mol, 96%), analytically pure: mp 236-238 "C dec sealed tube, 
TLC (silica gel, dichloromethane) R, 0.14, (alumina, 1% ace- 
tone/dichloromethane) R,0.61; UV (dioxane) & 262 (4.59), 321 
(3.72) nm; IR (KBr) 3080 w, 3040 vw, 3020 w, 1670 vs, 1610 m, 
1590 5,1420 w, 1330 m, 1320 vs, 1300 vs, 1240 5,1150 m, 1120 
m, 960 m, 940 5,890 8,840 8,700 s cm-'; 'H NMR (CDCld 6 8.34 

5.42 (8,  =CHH endo), 5.35 (s, =CHH exo); I3C NMR (CDC13) 

358 ((M - 4H)+, 17.1), 344 ((M - HzO),' 14.3), 342 ((M - H2O - 

100.0), 202 ((M - C4H4)+, 37.3), 185 ((M - C4H4 - OH)', 31.9). 

250 (M+, 100.0), 221 ((M - CO - H)', 29.2), 198 ((M - C4H4)+, 
23.9), 193 (M - 2CO - H)', 14.2), 165 ((M - 3CO - H)', 37.8), 139 

(d X d, H-7,10), 8.28 (8, H-5,12), 7.83 (d X d, H-8,9), 5.77 (5, H-1,4), 
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6 (attached H, carbon number assignmentzs) 182.91 (0,7), 150.07 
(0,4), 142.51 (0,2), 134.17 (1, lo), 133.78 (0,8), 133.36 (0,6), 127.28 
(1,9), 118.29 (1,5), 105.34 (2, l) ,  83.56 (1,3); EI-HRMS calcd for 
CzoHJzO~ (M') 300.0787, found 300.0795; EI-MS, m/z (ion', 
relative intensity) 300 (M', 100.0), 271 ((M - CO - H)', 45.1), 
243 ((M - 2CO - H)', 17.2), 215 ((M - 3CO - H)', 34.4). Anal. 
Calcd for CmH1203: C, 79.99; H, 4.03. Found C, 79.84; H, 4.16. 
4a,5,6,13,14,14a-Hexahydro-6,13-epoxypentacene-l,4,8,11- 

tetrone (17). Under a nitrogen atmosphere, 15 (1.75 g, 7.0 X 
mol) and benzoquinone (13.3 g, 1.23 X lo-' mol) were refluxed 
in dry o-xylene (63 mL). After 1.5 h TLC (silica gel, dichloro- 
methane) indicated the absence of 15. Diethyl ether (200 mL) 
was added to the cooled reaction mixture. The precipitate was 
collected by filtration. The crude product was washed with 
additional diethyl ether (100 mL) to yield a yellow powder (1.41 
g, 3.93 X mol, 56%). Recrystallization from acetone/diethyl 
ether produced pure material: mp 220 "C dec seal tube; TLC 
(silica gel, 4% acetone/dichloromethane) R, 0.44; UV (dioxane) 
A, 257 (4.41), 330 (3.54) nm; IR (KBr) 3060 w, 3010 vw, 2920 
w, 2880 vw, 1685 vs, 1665 vs, 1610 s, 1425 w, 1370 m, 1310 vs, 1265 
m, 1090 m, 1040 m, 840 vs, 710 m cm-'; 'H NMR (CDClJ 6 7.89 
(8, H-7,12), 6.94 ( 8 ,  H-9,10), 6.71 (9, H-2,3), 5.60 (8, H-6,13), 3.03 
(t, CH), 2.92 (d X d, CH2), 2.09 (d X d, CH2); 13C NMR (CDClJ 
6 (attached H, carbon numbep) 198.40 (0,2), 185.10 (0, lo), 154.86 
(0,7), 145.90 (0,5), 139.40 (1, l) ,  138.27 (1, ll), 130.87 (0,9), 116.44 
(1, €9, 83.79 (1,6), 46.45 (1, 3), 22.67 (2, 4); EI-HRMS calcd for 
C2zH1405 (M') 358.0841, found 358.0826; EI-MS, m/z  (ion', 
relative intensity) 358 (M', 23.8), 354 ((M - 4H)', 7.7), 338 (M 

- CSHgO2)', 100.0). Anal. Calcd for Cz2H1405: C, 73.74; H, 3.94. 
Found C, 73.70; H, 4.13. 

6,7,7a, 13a,l4,15-Hexahydro-6,15-epoxyhexacene- 1,4,8,13- 
tetrone (18). A suspension of 15 (0.84 g, 3.36 X mol) and 
naphthoquinone (5.1 g, 3.2 X 10" mol) in o-xylene (20 mL) was 
refluxed for 5 h. TLC (silica gel, 1% acetone/dichloromethane) 
indicated the absence of 15. Diethyl ether (100 mL) was added 
to the cooled reaction mixture. The precipitate was collected by 
filtration and washed with excessive amounts of ether (400 mL). 
A yellow powder (0.85, 2.08 X mol, 62%) was obtained: mp 
200 "C dec; TLC (silica gel, 4% acetone/dichloromethane) R, = 
0.50; IR (KBr) 3040 vw, 2900 w, 1670 vs, 1650 vs, 1585 s, 1415 
m, 1360 m, 1295 vs, 1250 s, 1060 m, 1025 m, 830 s, 760 m cm-'; 

X d, H-lO,ll), 6.95 (s, H-2,3), 5.60 (s, H-6,15), 3.35-1.96 (m, CH 
and CH,); EI-HRMS calcd for C2eH1605 (M') 408.0996, found 
408.1013; EI-MS m/z (ion', relative intensity) 408 (M', 40.8), 390 

4a,5,6,15,16,16a-Hexahydro-6,15-epoxyhexacene-l,4,8,13- 
tetrone (19). Under a nitrogen atmosphere, 16 (49.3 mg, 1.6 X 
IO4 mol) and benzoquinone (0.20 g, 1.9 x mol) were refluxed 
in o-xylene (1 mL). TLC indicated the absence of 16 after 2 h. 
Diethyl ether (5 mL) was added to the cooled reaction mixture. 
The precipitate was collected by filtration and washed with diethyl 
ether (10 mL). The light yellow powder (53.1 mg, 1.3 X lo4 mol, 
81%) was spectroscopically pure: mp 200 "C dec; TLC (silica gel, 
1 % acetone/dichloromethane) R, 0.20; IR (KBr) 3060 vw, 2920 
w, 2850 w, 1670 vs, 1590 s, 1450 w, 1370 w, 1320 s), 1300 vs, 950 
w, 840 m, 710 m cm-'; 'H NMR (CDClJ 6 8.18 (d X d, H-9,12), 

H-6,15), 3.05-1.95 (m, CH and CH,); EI-HRMS calcd for CBH1605 
(M') 408.0998, found 408.1005; EI-MS, m / z  (ion', relative in- 
tensity) 408 (M', 8.1), 390 ((M - H20)', 25.8), 380 ((M - CO)', 

5a,6,7,16,17,17a-Hexahydro-7,16-epoxyheptacene-5,9,14,18- 
tetrone (20). Under a nitrogen atmosphere, 16 (51.2 mg, 1.7 X 
lo-, mol) and naphthoquinone (0.28 g, 1.8 X mol) were re- 
fluxed in o-xylene (1 mL). TLC (silica gel, dichloromethane) 
indicated the absence of 16. Diethyl ether (15 mL) was added 
to the cooled reaction mixture. The precipitate was collected by 
filtration and washed with additional diethyl ether (50 mL). The 
yellow powder weighed 62.1 mg (1.4 X lo-, mol, 82%): mp 275 
"C dec; TLC (silica gel, 4% acetone/dichloromethane) R, 0.0; W 
(dioxane) A,- 222 (4.30), 267 (4.27), 305 (3.41) nm; IR (KBr) 3060 
vw, 3000 vw, 2880 vw, 1680 vs, 1670 vs, 1610 m, 1595 s, 1420 m, 
1380 m, 1325 s, 1200 vs, 1155 8,955 m, 935 m, 845 s, 795 m, 720 
s, 710 s cm-'; 13C NMR (solid-state CP-MAS) 6 (attached H, 

- H2O - 2H, 15.4), 258 ((M - 3CO - CHZ - H&+, 62.2), 221 ((M 

'H NMR (CDC13) 6 8.11 (d X d, H-9,12), 7.90 (8,  H-5,16), 7.81 (d 

((M - HzO)', 76.3), 362 ((M - H2O - CO)', 21.1). 

8.16 (9, H-7,14), 7.89 (d X d, H-lO,ll), 6.76 (s, H-2,3), 5.66 (9, 

9.0), 363 ((M - CO - OH)', l l . O ) ,  352 ((M - 2CO)', 5.6). 
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carbon number assignment%) 199.9 (0,4), 183.5 (0, 12), 155,6 (0, 
9), 147.0 (0, 7), 135.6 (1, 1, 15), 133.2 (0, 3,11,13), 129.1 (1, 14), 
126.7 (1,2), 119.0 (1, lo), 116.4 (1,83.8 (1,8), 45.2 (1, 5), 21.7 (2, 
6); EI-HRMS calcd for c a 1 s o 5  (M') 458.1154, found 458.1124; 
EI-MS, m/z  (ion', relative intensity) 458 (M', 55.21, 454 ((M - 

412 ((M - CO - HzO)+, 28.7); LDFT-MS, m/z  (ion-, relative 
intensity) 458 (M-, 19.0), 457 ((M - H)-, 55.7), 453 ((M - 5H)-, 
5.5), 439 ((M - H - H20)-), 299 ((M - H - C10HsO2)-, 63.9), 286 
((M - C1&02 - CH$, 100.0). Anal. Calcd for C+1,O5: C, 78.59; 
H, 3.96. Found: C, 78.45; H, 4.16. 
6,7,12,13-Tetrahydro-8,1 l -dihydroxy-6,13-epoxy-  

pentacene-l,4-dione. The cycloadduct 17 (0.28 g, 7.8 X lo4 mol) 
was chromatographed on a silica gel (30.2 g) column. Elution with 
dichloromethane and gradual increase of acetone concentration 
produced two yellow bands. The first band (10% acetone/di- 
chloromethane) was collected and the solvent evaporated in vacuo. 
Spectral analysis (IR, 'H NMR, EI-MS) indicated that this 
fraction was a mixture of 17 and 21 (0.11 g, =39% by weight). 
The second band was collected and the solvent evaporated in 
vacuo. A yellow powder (0.15 g, 4.2 X 10-4 mol, 54%) was obtained 
TLC (silica gel, dichloromethane) R, 0.12; IR (KBr and Nujol) 
3360 bs, 1660 vs, 1600 s, 1480 m, 1305 vs, 1260 s, 1125 m, 835 s, 
790 m cm-'; 'H NMR (a~et0ne-d~) 6 8.01 (s, H-5,14), 7.65 (s, 
ArOH), 6.99 (s, H-2,3), 6.55 (s, H-9,10), 5.90 (s, H-6,13); EI-MS, 
m/z (ion', relative intensity) 358 (M', 7.2), 354 ((M - 4H)+, 13.8), 

4H)+, 38.8), 440 ((M - HzO)', 100.0), 429 ((M - CO - H)', 25.6), 

340 ((M - HzO)', 12.3), 338 ((M - H2O - 2H)+, 14.5), 326 ((M - 
CO - 4H)'. 7.2). 

6,13-Dihydro-6,13-epoxypentacene-1,4,8,11-tetrone (21). 
The hydroquinone (0.15 g, 4.2 X lo4 mol) and DDQ (0.20 g, 8.7 
x lo4 mol) were refluxed in dioxane under a nitrogen atmosphere. 
A precipitate formed after 4 h. TLC (silica gel, 4% acetone/ 
dichloromethane) indicated the absence of DDQ after 20 h. After 
cooling, the precipitate (DDQ hydroquinone) was separated by 
filtration. Pentane was added to the filtrate until a yellow pre- 
cipitate was formed. After the mixture was cooled to 0 "C, fil- 
tration produced a yellow powder (0.11 g, 3.1 X lo4 mol, 74%): 
mp 200 "C discolor, 280 "C light brown, 310 "C brown; TLC (silica 
gel, 4% acetone/dichloromethane) R, 0.44; UV (dioxane) A, 250 
(4.27), 262 (4.38), 270 (4.44), 334 (3.40) nm; IR (KBr) 3060 w, 3020 
vw, 1670 vs, 1620 s, 1435 w, 1350 w, 1305 vs,1120 m, 1040 m, 840 
s, 810 m, 700 m; 'H NMR (CDC13) 6 8.11 (s, H-5,7,12,14), 6.97 
(s, H-2,3,9,10), 6.38 (s, H-6,13); 13C NMR (CDCl,) 6 (attached H, 
carbon numberzs) 184.49 (0, 2), 152.19 (0, 5), 138.39 (1, l), 131.63 
(0,3), 118.59 (1,4), 82.11 (1,6); EI-HRMS calcd for CZH10O5 (M') 
354.0526, found 354.0517; EI-MS, m/z (ion', relative intensity) 

LDFT-MS, m/z  (ion', relative intensity) 354 (M', 100), 326 ((M 

354 (M', 3.6), 338 ((M - O)', 13.5), 326 ((M - CO)', 5.9), 298 ((M 
- 2CO)', 3.7), 270 ((M - 3CO)', 3.6), 242 ((M - 4CO)+, 2.8); 

- CO)', 80), 298 ((M - 2CO)+, 70), 270 ((M - 3CO)', 40); 242 ((M 
- 4CO)+, 20), 226 ((M - 4CO - O)', 15), 212 ((M - 4CO - HCO)', 

((M - H)- loo), 325 ((M - H - CO)-, 10). 
12); LDFT-MS, m/z  (ion-, relative intensity) 354 (M-, 33), 353 

1,2,3,4,5,5a,8,9,10,11,13a,l4-Dodecahydro-2,3,9,10-tetrakis- 
(met hy1ene)- 1 ,48,11 -diepoxypentacene-6,13-dione (22). Under 
a nitrogen atmosphere, 15 (1.5 g, 6.0 X mol) and 5 (0.9 g, 6.2 
X mol) were refluxed in acetonitrile (35 mL). After 49 h 
additional acetonitrile (50 mL) was added to the cooled reaction 
mixture. An orange-brown, insoluble, unidentified solid was 
separated by filtration. The filtrate was dried (MgSO, and ac- 
tivated charcoal) and evaporated to dryness in vacuo. The white 
flakes (2.2 g, 5.6 X mol, 93%) were sufficiently pure for 
spectroscopic analysis. This material slowly decomposes on ex- 
posure to air and/or light. Refrigerated storage under a nitrogen 
atmosphere in a container wrapped with aluminum foil is highly 
recommended: mp 236 "C dec; TLC (silica gel, 4% acetone/ 
dichloromethane) Rf0.38; UV (dioxane) A,, 242 (4.45), 262 (4.16) 
nm; IR (KBr) 3080 w, 2990 w, 2920 w, 2880 w, 1690 vs, 1660 s, 
1610 s, 1425 m, 1360 w, 1300 m, 1280 vs, 1230 s, 1155 s, 1055 m, 
960 s, 890 vs, 840 vs, 780 m, 760 m, 710 m cm-'; 'H NMR (CDC13) 
6 8.00 (s, H-7,12), 5.72 (8 ,  H-8,11), 5.41 (s, =CHH endo), 533 (s, 
==CHHexo), 5.25 (s, H-1,4), 5.07 (s, =CHHendo), 4.95 (e, =CHH 
exo), 3.28 (t, CH), 2.80 (d X d, CH2), 2.20 (d X d, CH,); 13C NMR 
(CDC1,) 6 (attached H, carbon number) 196.87 (0, 7), 150.46 (0, 
4), 143.78 (0, lo), 142.30 (0, 2), 139.33 (0, 12), 134.21 (0, 6), 117.99 
(1, 5), 105.48 (2, l) ,  101.60 (2, 13), 84.75 (1, ll), 83.47 (1, 3), 46.95 
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(1, 8), 21.73 (2,9); EI-MS, m/z (ion', relative intensity) 396 (M+, 

1,2,3,4,8,9,10,1 l-Octahydr0-2,3,9,10-tetrakis(methylene)- 
1,4:8,1l-diepoxypentacene-6,13-dione (23). The cycloadduct 
22 (54.7 mg, 1.38 x 10"' mol) was stirred in methylene chloride 
with alumina (0.57 g) in the presence of air for 23 h. The alumina 
was collected by filtration and washed with methylene chloride 
(20 mL). Evaporation of the solvent in vacuo produced a light 
yellow powder (32.4 g, 8.27 X mol, 60%) which was mixture 
of 23 isomers. Column chromatography (alumina, methylene 
chloride/acetone) separated the isomers. These materials are 
spectroscopically identical: anti isomer TLC (alumina, 1 % 
acetone/methylene chloride) R, 0.52, mp 271 "C dec; syn isomer 
TLC (alumina, 1% acetone/methylene chloride) Rf 0.22, mp 240 
"C dec; UV (dioxane) A,, 271 (4.80), 332 (3.69) nm; IR (KBr) 
3010 w, 1670 vs, 1605 s, 1305 vs, 1235 m, 950 m, 895 vs, 840 s, 
720 w, 710 w cm-'; lH NMR (CDC13) 6 8.26 (s, H-5,7,12,14), 5.76 
(8 ,  H-1,4,8,11), 5.42 (s, =CHH endo), 5.34 s, =CHH exo); 13C 
NMR (CDC13) 6 (attached H, carbon numberz8) 182.68 (0, 7), 
150.08 (0,4), 142.44 (0, 2), 133.60 (0,6), 118.33 (1, 5), 105.40 (2, 
l), 83.56 (1,3); EI-HRMS calcd for C&IlS04 (M+) 392.1048, found 
392.1029; EI-MS, m/z  (ion+, relative intensity) 392 (M+, 100.0), 

- 3CO - H)', 19.4). Anal. Calcd for C26H1604: c, 79.58; H, 4.11. 
Found: C, 79.46; H, 4.16. 
4a,5,6,10,11,11a,15a,16,17,21,22,22a-Dodecahydro- 

6,2 1: 10,17-diepoxynonacene- 1,4,8,12,15,19- hexone (24). A 
suspension of 23 (anti isomer, 47.1 mg, 1.18 X mol) and 
benzoquinone (0.16 g, 1.5 X mol) in o-xylene (1 mL) was 
refluxed. After 2 h, TLC (silica gel, dichloromethane) indicated 
the absence of 23. Diethyl ether (10 mL) was added to the cooled 
reaction mixture. The light yellow precipitate was collected by 
filtration and washed with diethyl ether (10 mL) (44.6 mg, 7.26 
x 10" mol, 62%): mp 200 "C dec; TLC (silica gel, 4% ace- 
tone/dichloromethane) R, 0.12; UV (dioxane) A,, 277 (4.63), 335 
(3.63) nm; IR (KBr) 3060 vw, 2920 vw, 2880 vw, 1670 vs, 1610 vs, 
1370 m, 1300 vs, 1160 m, 960 m, 845 s, 750 m cm-'; 'H NMR 

H-6,10,14,21), 3.06-2.91 (m, CH and CH,), 2.17-2.00 (m, CH,); 
13C NMR (CDCl,) 6 (att iched H, carbon numberB) 198.44 (0,2), 
182 n0,10), 154.93 (0, 7), 145.86 (0, 5), 139.41 (1, l), 132.32 (0, 9), 

calcd for CaHZ4Os ((M - H)-) 607.1398, found 607.1408, LDFT- 
MS, m/z (ion-, relative intensity) 607 ((M - H)-, loo), 579 ((M 

C6H402)-, 63), 486 ((M - C6H,0z- CHJ, 28), 391 ((M - H - 
2CBH402)-, 14). 
5a,6,7,11,12,12a,l8a,19,20,24,25,25a-Dodecahydro- 

734: 1 1,20-diepoxyundecacene-5,9,13,18,22,26-hexone (25). A 
suspension of 23 (anti isomer, 62.8 mg, 1.6 X 10"' mol) and 
naphthoquinone (0.26 g, 1.7 X mol) in o-xylene was refluxed. 
TLC (alumina, dichloromethane) indicated the absence of 23 after 
6 h. Diethyl ether (10 mL) was added to the cooled reaction 
mixture. The light yellow precipitate was collected by filtration 
and washed with diethyl ether (10 mL) (66.3 mg, 9.4 X 10" mol, 
59%): mp 155 OC discolor, 200 "C red; TLC (alumina, 1% ace- 
tone/dichloromethane) R, 0.08 IR (KBr) 3080 vs, 3020 vs, 2930 
vs, 2890 vw, 1680 vs, 1660 vs, 1610 s, 1600 8,1370 m, 1300 vs, 1255 
vs, 1155 m, 965 m, 940 m, 850 m, 750 m, 710 w cm-'; 'H NMR 

(d X d, H-2,3,15,16), 5.63 (s, H-7,11,20,24), 3.49-2.96 (m, CH and 
CHJ, 2.23-2.16 (m), CHJ; LDFT-HRMS calcd for CMHB08 (M-) 
708.1784, found 708.1788 LDFT-MS, m/z (ion-, relative intensity) 

536 ((M - Cl&02 - CH2)-, 92), 391 ((M - 2ClOH6O2 - CH&, 241, 

Heptacene-5,7,9,14,16,18-hexone (26). In a round-bottomed 
flask equipped with a reflux condenser, open to the air, 20 (126 
mg, 2.75 x 10"' mol) was stirred in TFA (12 mL) at  room tem- 
perature. Within 10 min, the yellow solution changed to an orange 
color and a precipitate started to form. After 27.5 h, the reaction 
mixture was filtered through a medium frit, washed with water 
(2 X 2 mL) and methanol (3 X 2 mL). The orange powder (119 
mg, 2.52 x IOy4 mL, 92%) was weakly soluble in dioxane 
M) and methylene chloride: UV (dioxane) A,, 222 (4.54), 258 
(4.83), 307 (4.32), 430 (3.75) nm; IR (KBr) v(re1ative intensity) 

10.6), 378 ((M - HzO)', 22.5), 368 ((M - CO)', 21.2). 

363 ((M - CO - H)', 36.1), 335 ((M - 2CO - H)', 28.5), 307 ((M 

(CDCla) 6 8.07 (8 ,  H-7,9,18,20), 6.71 (8 ,  H-2,3,13,14), 5.62 (8, 

117.06 (1, 8), 83.82 (1,6), 46.50 (1, 3), 22.71 (2, 4); LDFT-HRMS 

- H - CO)-, 18), 523 ((M - H - C~H~OZ)- ,  20), 499 ((M - H - 

(CDCl3) 6 8.09 (8 ,  H-8,10,21,23), 8.07 (d X d, H-1,4,14,17), 7.77 

708 (M-, 21), 707 ((M - H)-, 38), 549 ((M - H - C~$@Q)-, 1001, 

378 ((M - 2CloI&O2 - 2CHz)-, 33). 

3060 w, 2930 vs, 2880 vw, 1690 vs, 1670 vs, 1620 m, 1600 s, 1585 
s, 1460 m, 1440 m, 1320 vs, 1285 vs, 1260 vs, 1200 m, 970 s, 780 
m, 710 s cm-l. Anal. Calcd for C30Hl6O6: C, 76.27; H, 3.41. Found 
C, 76.35; H, 3.66. 

mol) 
in dioxane (200 mL) in an Erlenmeyer flask was added KOH (2 
mL, 6.8 X lo-' M). The dark blue suspension was stirred at room 
temperature open to the air for 16 h. On addition of household 
bleach (10 mL), HCl(4 mL, 1.1 M, acidic to litmus), and dioxane 
(10 mL) the suspension changed color to a bright light yellow. 
After being stirred for 30 min, the mixture was made basic to 
litmus (KOH, 7 mL, 6.8 X lo-' M), and dioxane (7 mL) was added. 
A greenish yellow suspension was observed and stirred for 1 h. 
Again on addition of bleach (10 mL), HCl (9 mL, 1.1 M, acidic 
to litmus), and dioxane (30 mL) the suspension changed color to 
a bright yellow. The suspension remained this color even after 
addition of KOH (15 mL, 6.8 X lo-' M, basic to litmus) and 
dioxane. The precipitate was collected by filtration, washed with 
water (2 X 30 mL), and methanol (2 X 20 mL). The ocher-yellow 
powder (0.16 g, 3.4 X mol, 79%) was insoluble in common 
organic solvents mp >360 OC (nitrobenzene); IR (KBr) u(re1ative 
intensity) 3060 w, 3040 w, 1680 vs, 1590 m, 1470 m, 1325 m, 1250 
vs, 1160 m, 1145,990 s, 695 s cm-'; 13C NMR (solid-state CP-MAS) 
6 (attached H, carbon numbep) 180.0 (0,4,8), 135.9 (0,5,7), 132.8 
(0, 3), 129.7 (1, 11, 127.1 (1, 2,6); EI-HRMS calcd for C30H12Oe 
(M+) 468.0633, found 468.0648; EI-MS, m/z (ion+ relative in- 
tensity) 468 (M+, 100.0), 440 ((M - CO)', 59.5), 412 ((M - 2CO)+, 

m / z  (ion-, relative intensity) 468 (M-, 100.0). 
Undecacene-5,7,9,11,13,18,20,22,24,26-decone (27). In a 

round-bottomed flask equipped with a reflux condenser, 25 (27.7 
mg, 3.91 X mol) in TFA (3 mL) was stirred in the presence 
of air. After 27 h, chloroform (3 mL) was added. The precipitate 
was collected by filtration and washed with chloroform (2 x 3 
mL) and diethyl ether (2 X 2 mL). A brownish red powder (25.0 
mg) was obtained. A suspension of this red powder (14.2 mL) 
in dioxane (15 mL) was treated with KOH (0.2 mL, 6.8 M, basic 
to litmus). A grayish blue suspension was immediately observed. 
This suspension was stirred at room temperature in the presence 
of air for 23 h. A yellow suspension was observed on addition 
of bleach (1 mL), HCl(1 mL, 1.1 M, acidic to litmus), and dioxane 
(2 mL). After the mixture was stirred for 40 min, KOH (2 mL, 
6.8 X lo-' M, basic to litmus) and dioxane (2 mL) was added. A 
green suspension was observed and stirred for 70 min. Addition 
of bleach (1 mL), HC1 (1.5 mL, 1.1 M, acidic to litmus), and 
dioxane (3 mL) regenerated a yellow suspension. After 20 min, 
addition of KOH (3 mL, 6.8 X lo-' M, basic to litmus) and dioxane 
(3 mL) generated a greenish yellow suspension which was stirred 
for 1 h. Again, addition of bleach (1 mL), HCl(2 mL, 1.1 M acidic 
to litmus) and dioxane (3 mL) generated a bright yellow sus- 
pension. No color change was observed when the mixture was 
made basic (KOH, 3 mL, 6.8 X M). The precipitate was 
collected by filtration, washed with water (2 mL) and methanol 
(2 X 2 mL). After drying, the yellow powder acquired a greenish 
tint (8.9 mg): IR (KBr) v(relative intensity) 1680 vs, 1590 m, 1470 
m, 1320 m, 1250 vs, 1175 m, 1005 8,700 s cm-'; LDFT-HRMS 
calcd for CaH16010 (M-) 728.0744, found 728.0749, calcd for 
CMH1809 ((M')-) 714.0951, found 714.0956; LDFT-MS, m/z (ion-, 
relative intensity) 728 (M-, loo), 714 ((M'I-, 28), 713 ((M' - H)-, 

To a suspension of the above product (0.20 g, 4.3 x 

32.2), 384 ((M - 3 CO)+,27.3),356 ((M - 4CO)+, 25.4); LDFT-MS, 

25), 700 ((M - CO)-, ll), 698 ((M' - 0)-, 17), 686 ((M' - CO)-, a), 
685 ((M' - H - CO)-, 6). 
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18, 104157-29-1; 19, 104172-29-4; 20,104157-30-4; 21,104157-31-5; 
22, 104157-32-6; 23 (isomer l), 104264-04-2; 23 (isomer 2), 
104157-39-3; 24, 104157-33-7; 25, 104157-34-8; 26, 104157-35-9; 
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7-oxanorbornene-2,3-dicarboxylate, 4695-49-2; all-exo-2,3,5,6- 
tetrakis(hydroxymethyl)-7-oxanorbornane, 76196-51-5; benzo- 
quinone, 106-51-4; naphthoquinone, 130-15-4; 6,7,12,13-tetra- 
hydro-8,1l-dihydroxy-6,13-epoxypentacene-1,4-dione, 104157-38-2. 

27, 104157-36-0; duroquinone, 527-17-3; 1,4-dihydroxy-2,3,5,6- 
tetramethylbenzene, 527-18-4; 1,4-dimethoxy-2,3,5,6-tetra- 
methylbenzene, 13199-54-7; 1,4-diacetoxy-2,3,5,6-tetramethyl- 
benzene, 5796-23-6; 2,3-dimethylbenzoquinone, 526-86-3; dimethyl 
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The known Diels-Alder reactions of 1,3-diarylisobenzofurans have been employed to develop a synthesis of 
a nonacenetriquinone (1). A 2:l condensation of 2,5-bis(4-tert-butylphenyl)-3,4-diformylfuran (17) and cyclo- 
hexanedione gave the bisisobenzofuran 7. This compound was treated with naphthoquinone and the resulting 
adduct was then aromatized to 1 by using trimethylsilyl triflate. 

Organic chemists have a continuing interest in the 
synthesis and properties of large molecular frameworks. 
In this study we set out to develop a synthetic method for 
large, linear, polyquinoidal polyacenes and here report the 
preparation of the nonacenetriquinone (1). Considered 

0 Ar 0 Ar 0 

0 Ar 0 Ar 0 

A r  = (CH3)gC 

1 

in the context of polyacene hydrocarbons, like hexacene, 
quinoidal derivatives have interesting possibilities for 
variation of the electronic structure of the .rr-framework. 
It seems that by appropriately choosing quinone-, semi- 
quinone- and hydroquinone-type groups the reactivity and 
the electrical, optical, and magnetic properties of these 
materials could be controlled. 

Polyacenequinones have received sporadic attention. 
Although there are reports of such linearly annulated 
compounds with six to nine rings, the structure proofs are 
generally inadequate by modern standards. As with 
polyacene hydrocarbons, these long, flat molecules pack 
very well into crystals and are in general quite insoluble. 
This makes purification impossible and identification 
difficult. The synthetic methods previously employed 
include Friedel-Crafts reactions of phthalates,l aldol 
condensation2 and Diels-Alder  reaction^.^*^^ Compounds 

(1) Mills, W. H.; Mills, M. J. Chem. SOC. 1912, 2194. Fairbourne, A. 
J.  Chem. SOC. 1921, 1573. Marschalk, C. Bull. SOC. Chim. Fr. 1937, 4, 
1381,1535. Clar, E. Chem. Ber. 1939,72B, 1817. Marschalk, C. Bull. SOC. 
Chim. Fr. 1941,8,354. Clar, E. Chem. Ber. 1942,75B, 1271, 1283,1330. 
Marschalk, C. Bull. SOC. Chim. Fr. 1942,9,400. Marschalk, C. Bull. SOC. 
Chim. Fr. 1950,311. Clar, E.; Marschalk, C. Bull. SOC. Chim. Fr. 1950, 
444. Stachell, M. P.; Stacey, B. E. J.  Chem. SOC. C 1971,469. 

(2) (a) Lepage, L.; Lepage, Y. J. Heterocycl. Chem. 1978,15,793. (b) 
Baxter, 1.; Cameron, D. W.; Titman, R. B. J.  Chem. SOC. C 1971, 1253. 
(c) Ried, W.; Anthofer, F. Angew. Chem. 1953,65, 601. Ried, W.; An- 
thofer, F. Angew Chem. 1954,66,604. Bruckner, V.; Karczag, A.; Kor- 
mendy, M.; Meszaros, M.; Tomasz, J. Acta Chim. Hung. 1960,22, 443. 
Lewis, C. E. J. Org. Chem. 1970,35,2938. Satchell, M. P.; Stacey, B. E. 
J.  Chem. SOC. C 1971,468. Lepage, Y.; Verine, A. C. R. Seances Acad. 
Sci., Ser. C 1972,274,1534. Serpaud, B.; Lepage, Y. Bull. SOC. Chim. Fr. 
1977, 539. (d) Verine, A.; Lepage, Y. Bull. SOC. Chim. Fr. 1973, 1154. 
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2 and 3 are the largest compounds that have been well 
characterized. Compound 2 was isolated as red crystals 
and recrystallized from nitrobenzene,2a while 3 was a 
red-brown insoluble material.2b 
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More recently a repetitive Diels-Alder approach to the 
synthesis of polyacenequinones has been devised and de- 
veloped using tetramethylidene-7-oxanorbornane (4) as a 
r e a ~ t a n t . ~  For example, benzoquinone and 4 were con- 
verted in several steps to the bis-diene 5, which was then 
capped with naphthoquinone and converted to the ele- 
ven-ring quinone 6.3d93e Although 6 was totally insoluble 

(3) (a) Carrupt, P. A.; Vogel, P. Tetrahedron Lett. 1979, 4533. (b) 
Bessiere, Y.; Vogel, P. Helv. Chim. Acta 1980,63,232. (c) Pilet, 0.; Vcgel, 
P. Helv. Chim. Acta 1981, 64, 2563. (d) Miller, L. L.; Thomas, A. D.; 
Wilkins, C. L.; Weil, D. A. J. Chem. SOC., Chem. Commun. 1986,662. (e) 
Thomas, A. D.; Miller, L. L. J.  Org. Chem., preceeding paper in this issue. 

(4) (a) Allen, C. F. H.; Gates, J. W., Jr. J. Am. Chem. SOC. 1943,65, 
1502. Etienne, A.; Heymes, R. Bull. SOC. Chim. Fr. 1947, 1038. (b) 
Villessot, D.; Lepage, Y. Tetrahedron Lett. 1977, 1495. 
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