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ABSTRACT

R{ = -CgHg; -CgH,-dodecyl
R, = -H; -CgH,-dodecyl

The synthesis of phenyl-substituted 8,9-dibromofluoranthene and p-dodecylphenyl-substituted 8,9-fluoranthene anthranilic acid is presented.
Their synthetic potential as 8,9-didehydrofluoranthene precursors is demonstrated in combination with a new biscyclopentadienone by the
synthesis of novel phenyl-substituted PAHs with up to 14 annulated rings. The crystal structure of 7,16-diphenylfluorantheno[8,9-k]fluoranthene
is given.

Cyclopentene-fused polycyclic aromatic hydrocarbons (CPAH)  Much is known about acenaphtho[1,2-k]fluoranthenes (n
of the fluoranthene type are a class of nonalternant polycyclic = 1, Figure 1) and benzo[124,5-k']difluoranthenes (&
aromatic hydrocarbons (PAH) which have been of consider-

able interest because of their structural relatior'stopthe s
extensively investigated fullererfeand because of their
potential use in electroluminescent organic devicghis
interest is reflected in recent patent literattir®henyl
substitution of some of these CPAHSs is discussed in the
context of organic quantum effect devices and organic
ferromagnets.

Figure 1. Homologous series of acenaphthene-capped fluoran-
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by electropolymerizatiofLittle was known, however, about
the synthesis of the homologous fluorantheno|gfftoran- Scheme 2
thenes (n= 2)2 which can be seen as planar parts of the
Ceo-fullerene’s belt region.

Here we report on the synthesis of “monomeric” and 3+ O@ — g’@@
“dimeric” phenyl-substituted fluoranthenofluoranthenes via
new 8,9-didehydrofluoranthenes and a new biscyclopenta- 4
dienone serving as an efficient diene in Die/dder reaction
with one of these didehydrofluoranthenes. Ph Ph Ph

It is difficult to regiospecifically functionalize PAHs by Ph ¢ >
introducing substituents to the parent molecule. Often the g"a@) Ph - g’c
only way to do this is to introduce the substituents while Ph Ph Ph
building up the aromatic system. To obtain a vicinal 5 6
difunctionalization in the 8,9-position of fluoranthene, from

which the corresponding aryne can be generated, we started Ph
from the cyclopentadienonka (Scheme 1. After several 8.03’8
Ph

7
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aMethod A: o-xylene, reflux, 26-40%. Method B: melt, 130 @ (a) Buli, toluene,—40 °C, 71%, (b) tetracyclone, EtOH, 78
°C, 62%. °C, 88%, (c) toluene 112C, 82%, (d)p-TsOH, toluene, 112C,

76%. For chemical shifts (*), see Table 1.

unsuccessful attempts to add acetylene derivatives, which
should give the aryne precursor either directly or after generated in situ by heatirfgin toluene and trapping with

subsequent transformation, we finally found the new dibro- acenaphthene to give the epoxy-bridged fluoranthenofiuo-

moepoxynaphthalin@ to be a suitable dibromoacetylene ranthene?_ in 829 isolated yield with ak.rnd.ol exaatio of

equivalent. It was made from 3,4-dibromofutaand an- ;:3. Thg isomers were separated and individually character-

thranilic acid by a standard procedure in 93% yield. |zgd. Finally, d|phgnylflgoranthenofluora.ntheIBeNas ob-
The synthesis of 8,9-dibromofluoranthediérom 1a and Famed by dehydrgtlon witp-toluenesulfonic acidg- TsOH)

2 follows the same well-known reaction sequence of Diels in 76% isolated yield. The_yellow green product showed a

Alder, decarbonylation, andetro-Diels—Alder reactions strong fluorescence even n the solid state. .

which is normally used to generate isobenzofurans from A crystal structure analysis was performed 8¢ Figure

tetraphenylcyclopentadienone (tetracyclone) and epoxynaph- 2 shows a pair of molecules in the crystal. The phenyl groups

thalines!! Isobenzofuran is the side product here, and reaction

conditions have to be more drastic due to the bulkiness of_

the bromo substituents i For dibromofluoranthen®, there

was a 26-40% yield, when the reaction was carried out in

solution, and up to a 62% yield from a melt d&in 2. An

intermediate structure comparablest@Scheme 2) could not

be detected because of the high-temperature conditions

required. The comparably low yields are caused by side

reactions ofla which were not further investigated. The

aryne was generated froBwith butyllithium (BuLi) and

in situ trapped by furan to givéin 71% yield!? Subsequent

Diels—Alder reaction of4 with tetracyclone vyielded the

isobenzofuran precursd@ in 88%. Isobenzofura® was Figure 2. Structure ofg in the crystal (ORTEP plot).

(7) Debad, J. D.; Bard, A. J. Am. Chem. S0d.998,120, 2476.
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groups. This effect should not be present in solution which yield. The moderate yield predominately results from loss
becomes apparent from molecular mechanics simulatfons. during workup. The lack of intensive color in the TLC
UV/vis data are given in Table 1. indicates thatlb was completely converted.

The decision to introduce long flexible solubilizing side
_ chains toll in addition to the phenyl groups was made to
Table 1. Selected UV/Vis and Proton NMR Data aid the future syntheS|s of even Ionger_ EAHs and polymeric
structures and to increase their solubility. Scheme 4 shows

absorption  emission  Stokes shif ~ chemical shift®

Amax [NmM] Amax [NM] [nm] o [ppm]
8 4542 4552 1 *6.6d
11 4690 475p 6 *5.6 Scheme 4
15 5420 550P 8 **5 15/+5.7 R R R
Og A IO 2 @
aCHCly. P CH,Cl,. ©8, 270 MHz/CDCH; 11, 15 250 MHz/CDGJ. ¢ As- + }0 0 G’O.Q o
terisks assign the marked protons in Schemed.2 o o R R R
12 13 14

A limitation in generating arynes from vicinal dibromides
with BuLi is this method'’s intolerance to strong electrophilic

Theref d the method of Pasc# tir *RR**RR

groups. Therefore, we used the method of Pasc . b

obtain the fluoranthene anthranilic ackD (Scheme 3). 10 + 14 — O’OO’Q.OO’O
« R R w w R R &

16

Scheme 3 R =-CeHy-Ci2Hz5

a(a) EtOH, KOH, 50°C, 45%; (b) THF/CHCI,, isoamyl nitrite
O 50 °C. For chemical shifts (*/**), see Table 1.

the synthesis of the “dimeric” fluoranthenofluoranthere
In the first step the new biscyclopentadienohé was

R synthesized by a 4-fold Knoevenagel reaction between the
Q.‘ COOH tetraketopyracené?2'’ and the alkyl-substituted diphenyl-
O NH, + b —> ’OO’ gcetone1313 in 45% vyield. 13 was syntheS|zed.by an

R improved four-step sequence with 60% over all yi#ld.

10 11 The reaction of10 with 14 was carried out under
conditions similar to those for the synthesisldfand yielded
15in 56% isolated yield15is a red amorphous solid with

2 (a) Maleimide, GHsBr, reflux: (b) GaHsBr, Bry, 1t, 78%: () a bright red fluorescence in solution. Tgble 1 gives UV/vis
MeOH, NaOH, NaOCI, reflux; (d) propanol, KOH, reflux, 62%; data of compound8, 11, and15. The relatively small Stokes
(e) THFICHCI,, isoamyl nitrite, 50°C. For chemical shifts (*), shifts indicate considerable rigidity of the structures. The
see Table 1. electrooptical properties & 11, andl5are presently under
investigation.

Chemical shifts for the inner protons of the terminal and
Diels—Alder reaction of the acecyclordé with maleimide that of the centered naphthalenic units for compowds,
and subsequent dehydrogenation with bromine gave theand 15, respectively, which are marked with asterisks in
imidofluoranthend in 78% yield. A Hofmann rearrangement  Schemes 2—4, are given in Table 1. An increase in phenyl
on9yielded10in 62%. From diazotation afOwith iscamyl  substitution causes an increase in upfield shift. This is the
nitrite at 50-60 °C, the corresponding aryne was generated result of the almost perpendicular orientation of the phenyl
in situ which added tdb. The primary adduct underwent groups to the molecules’ main planes, which brings the
decarbonylation during reaction to give the tetraphenyl- naphthalenic protons right into the phenyl groups upfield
substituted fluoranthenofluorantherdd in 62% isolated cones. The additional upfield shift of approximately 1 ppm

going from diphenyl substitution to tetraphenyl substitution
15%133((3:)%“&‘&"2?"1"92%) gﬁgz“ 2'\3 2_02(24?) gla mol%olcgggﬂ/z(l)zl%as_z can be assigned to a bending of the phenyl groups toward
(8) A3, Z=4,D. = 1.282 g cmi™. A total of 6279 observed reflections [ the terminal naphthalenic units, which becomes evident from

. 123%'%] and 379 variable parameters convergedite: 0.0464 and wR= molecular mechanics simulatio#sThis is due to their
(14) Watson, W. H.; Kashyap, R. Rcta Crystallogr.1991,C47, 1848.
(15) Hyperchem release 6.03, geometry optimization using implemented  (17) Clayton, M. D.; Marcinow, Z.; Rabideau, P. \l..Org. Chem1996

R =-CgHy-C12Has

mm-+ force field, AM1, and PM3 with Polak-Ribiere algorithm. 61, 6052.
(16) Qiao, X.; Padula, M. A.; Ho, D. M.; Vogelaar, N. J.; Schutt, C. A;; (18) Schlicke, B.; Frahn, J.; Schluter, A. Bynth. Met1996, 83 173.
Pascal, R. A., JrJ. Am. Chem. S0d.996,102, 873. (19) See Supporting Information.
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intramolecularperi-interactions in contrast to the above- which are presently under investigation, and as a building
mentioned intermolecular interaction in the solid stat8.0f  block in the synthesis of larger fragments ofp@ullerene
A further shift of 0.45 ppm is observed for the protons of to which they are structurally related. Future efforts in our
the central naphthalenic unit @b. This shift is assigned to  laboratory will be directed at the synthesis of more extended
the influence of two phenyl groups flanking these protons. CPAHs and polymeric structures.

In summary, we have presented the first two routes for
the synthesis of 8,9-didehydrofluoranthene precursors and Acknowledgment. This work was supported by the
demonstrated their potential in the synthesis of novel Deutsche Forschungsgemeinschaft and the Fonds der Che-
extended CPAHs. The didehydrofluoranthenes either servedmischen Industrie.
as building blocks for the synthesis of a highly reactive
isobenzofuran diene or were used directly as dienophile in
Diels—Alder reactions with a acecyclone and a new bis-
cyclopentadienone which allowed a convenient synthesis o
a fully annulated 14 ring system. The synthesized CPAHSs
may be of interest both for their electrooptical properties, 0L016391J
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