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Abstract: A new series of polycyclic aromatic hydrocarbons (PAHSs) with different peripheries was synthesized
via oxidative cyclodehydrogenation of suitable oligophenylene precursors under mild conditions. Such large
PAHs are considered to be two-dimensional graphite sections whose electronic properties are expected to
converge to those of macroscopic graphite. The synthetic buildup of the oligophenylene frameworks was mainly
based either on DietsAlder reactions or on cyclotrimerizations. They were subsequently converted into planar
aromatic hydrocarbons containing up to 78 carbon atoms. Due to the insufficient solubility of extended PAHS,
characterization was achieved by laser desorption/ionization time-of-flight mass spectrometry and UV/visible
spectroscopy of thin films.

Introduction Chart 1. A Variety of Extended, All-Benzenoid

Due to its hexagonal symmetry, hegari-hexabenzocoronene Hydrocarbons

(HBC, 1, Chart 1) serves as an intriguing homologue of benzene
with unique electronic propertiésPolycyclic aromatic hydro-
carbons (PAHSs) larger than HBC have also become accessible
that constitute molecularly defined models of grapRi@om-
pounds 2 (Cgp) and 3 (Cyg) are the first members of a
homologous series in which the HBC moiety is “extended”
along one symmetry axisWhile in a formal sens@ and3 can
be described as consisting of three oligophenylene chains with
n, n + 1, andn benzene rings, the rhombdqCs,) establishes
still another topology, namely, that of three parallel terphenyl
chains, i.e., [3,3,3].

The idea of using HBC as starting point of a benzene-like
chemistry of molecular graphite subunits suggests a series of

* Corresponding author: (fax}{49) 6131-379350; (e-mail) muellen@
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Chart 2. A Variety of Extended, All-Benzenoid substituted derivatives of aromatic molecules such as tri-
Hydrocarbons and Exemplary Precursor Molecules phenylene or HBC form discotic liquid crystals and, therefore,
provide opportunities for materials with one-dimensional trans-
port processes such as energy migration, electric conductivity
and photoconductivity? Characterization and visualization of
monolayers of such compounds with molecular resolution can
be obtained by scanning tunneling microscopy (STM). PAHs
are therefore becoming increasingly important as functional
materials in optoelectronics and molecular electrohics.

We have recently reported that extended PAHs are readily
available by a two-step protoc#i.This includes the synthesis
of nonplanar oligophenylene precursors which are then subjected
to an intramolecular cyclodehydrogenation reaction forcing
planarization and formation of the polycyclic target structures.
The prototype of the cyclodehydrogenation is the successful
transformation of hexaphenylbenzend)(into HBC (1).1° The
formation of2 and3 from 12 and13, respectively, is impressive
but nevertheless a straightforward extension of this concept. The
design process leading to the appropriate oligophenylene
precursors of PAHs and the scope and limitation of the
subsequent cyclodehydrogenation process are key synthetic
issues of this paper.

The above-mentioned oligophenylene compounds are soluble
in organic solvents. In contrast, the corresponding PAHs are
nearly insoluble, which limits the role of conventional techniques
in structure elucidation. Two experimental aspects are therefore
important: laser desorption time-of-flight (LD-TOF) or matrix-
assisted laser desorption/ionization ) time-of-flight (MALDI-
TOF) mass spectrometry can prove the success of the cyclo-
dehydrogenation process and UV/visible spectroscopy, recorded
. L i . for thin solid films of PAHs, can provide information as to the
mtroduc? here th.ej, hexagdicontaining a "cove™type rather oo cronic structuré®4The synthetic approach mentioned above
than an _armchalr ) periphery .as occurring 1f-5. can be modified to afford alkyl-substituted PAHs. Alkyl

When investigating the series of hexagdns, and6, one substituents are important since they can render the PAHs
would also suggest combining different periphery types in one spjuple and assist in their supramolecular ordering. Having
and the same moleculézrom a design aspect, this can readily 5yailable soluble, alkyl-substituted derivatives1of7, 8, and

be achieved by removing one benzene ring fthrthus arriving 9, we can also compare UV/visible spectra in solution with those
at 7 (Cse) with one coré® Removal of a second benzene ring  of thin solid films.

would then furnisiB (Cgo, Chart 2), again a subunit dfwith
only “armchairs” in the peripher§.Along the same line, one  Results and Discussion
can design models for hexagbmy adding benzene to the HBC

core, thus arriving at the new compour@iéCs), which is an The synthetic concept of the PAH family presented herein is
isomer of the rhombug, and10 (Ce).1° based on symmetry and size arguments. Different topologies

can be achieved either by extending the aromatic system along
one symmetry axis or by inducing a starburstlike growth in all
directions. In addition, different perimeter types can be intro-
duced. These design principteslassifying PAHs according to
their symmetry and periphetywere established by Stein and
rown, who suggested two series of all-benzenoid PAHSs starting
rom benzene as the smallest sub@rihe next member in both
series is HBC, which is followed in the first series by the PAH

depend not only upon the size of the molecules but also upon
the nature of their periphefyWhile four different perimeter
types of hexagonal analogues bfhave been envisaged, we

Increasing the size and varying the periphery of disk-type
PAH molecules should influence not only their electronic
properties but also their two- and three-dimensional superstruc-
tures. Typical examples are the formation of densely packed
monolayers of PAHs on surfaces that depend sensitively on the
coincidence of adsorbate and substrate symmetries and of stabl
discotic mesophases with a stacking of thiayers3a411Alkyl-
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Scheme 1.Two Alternative Routes to Large and iron(lll) chloride. Unfortunately, the use of the former
Oligophenylenes: Cyclotrimerization and Diel&lder causes unfavorable side reactions such as chlorindtitmere-
Reactiort fore, all of the cyclodehydrogenation reactions leading to

R unsubstituted PAHs more extended than HBC, €g5, and

R
O 6, were carried out with the use of copperfttjifluoromethane-
@ R @ © R sulfonate/aluminum(lil) chloride. Contrary to that, optimization
s a @ of the appropriate cyclization conditions of alkyl-substituted
@ @ oligophenylenes proved iron(lll) chloride to be superior to all
R
15

@ R " other reagents since it did not suffer from severe disadvantages

such as dealkylation, chlorination, or even migration of the alkyl
R substituentg! Retention of the desired substitution pattern was

14 achieved, and the cyclization reaction proceeded smoothly at

R =H, G12Ha5 room temperature, in all cases being completed in less than 24
h.
Re T Since nearly all of the investigated hydrocarbons in this study
R, 9 R, @ Rs @ R show ext_remely low solubility, the applied analytical met_hc_)ds
© @ @ @ are restricted to LD-TOF mass spectrometry and UV/visible
* I RN @ spectroscopy, i.e., solid-state characterization. These two tech-
@ @ @ @ niques represent the basic tools of structure elucidation for the
RS Ry @ Rs @ R PAHSs reported herein and, therefore, need to be proved with
Rq respect to reliability and accuracy. Two compounds of the
16 " :;‘ presented PAH family7a and 8a (Scheme 2), respectively,
permit processing and characterization easily, due to their
R1 =R2 = R3 =R4 =H, C12H25, Br P . . . .
Ry = Rp = Ry = C12Hos, R3 = Br solubilizing side chains and relatively small aromatic core.
R1=Ra=C12Ha5. R3 = R4 = Br Considering the small PAH8a and8a as model compounds,

R{1=Br,R2=R3=R4=Cq2H . e .
! A the reliability of the analytical methods could be shown by

simply comparing mass and UV/visible spectra7afand 8a
recorded for different conditions: measurements from solution
(field desorption, FD) or solid state (LD-TOF) concerning mass
spectrometry and from solution or in film concerning UV/visible
spectroscopy. No difference in the spectra was observed, which
proved both techniques to be suitable for the characterization
of still more extended PAHs.

In view of the well-established synthesis of HBCs frdi
and17,the route to7aand8ais straightforward (Scheme 25.
The oligophenylene precurs@@was prepared by DietsAlder
cycloaddition between tetraphenylcyclopentadiendgeand

aConditions: (a) CgCO), 1,4-dioxane, 100°C, 6 h, 99%
(R=Ci2H2s); (b) diphenyl ether, reflux, 24 h, 695%.

lengths from an edge were found to have properties similar to
those in an infinite graphite sheet. These theoretical investiga-
tions show a progression from benzene via extended PAHSs to
macroscopic graphite and, therefore, provide a guideline for our
research in this field.

Our synthetic approach to large PAH molecules consists
mainly of two steps: the synthesis of a nonplanar and soluble
oligophenylene precursor and its oxidative cyclodehydrogenation
to an all-benzenoid hydrocarbon. Two entries to the oligophen- 3 ; . .
ylene precursors have turned out to be the most convenient and-0ctyne (9), with concomitant extrusion of carbon monoxide
successful. A quite elegant and facile access to large oligophen-(44%; @ relatively low yield due to difficulties in removing
ylenes is the dicobaltoctacarbonyl-catalyzed trimerization of diPhenyl ether). The cyclodehydrogenatior26iwith iron(lll)
suitably substituted diphenylacetylenes which leads to PAHs chloride finally led to8a. Cycloaddition betweerl6 and
with hexagonal symmetry (Scheme ¥)Hexaphenylbenzene 4-dodecyl(phenyl)acetylen&?) und_er similar conditions af-
is easily synthesized in this way, and this method can also be forded the precursaz2 (99%) and finally7a.
extended to the preparation of higher hexaarylbenzenes as Having available the pure and reliably identified PAFs
potential precursors for HBC homologues suchbag more and8a, one can now, for the first time, analyze their UV/visible
general approach toward hexaphenylbenzenes is the-Diels and NMR spectra in detail. The latter are well resolved and
Alder cycloaddition between tetraarylcyclopentadienones and support the expected structure; the former clearly show the three
diphenylacetylene’$ This method requires more synthetic effort bands typically observed for PAHsx( 3, p) and are in
but opens new possibilities of functionalization. Whereas the agreement with Clas results? A more detailed discussion is
cyclotrimerization route permits only uniform substitution of ~given below.
all phenyl rings, the cycloaddition method leads to a broad Another example of a moderately soluble PAH is the
spectrum of various functionalized oligophenylenes. This has arrowlike molecule9a containing 54 core aromatic carbons
recently allowed us to synthesize unsymmetrical HBCs with (Scheme 3). Introduction of four alkyl chains improves solubility
different functional groups according to Scheme 1. Both routes to such an extent that characterization could be achieved not
afford oligophenylene precursors that are easily characterizedonly by LD-TOF mass spectrometry and UV/visible spectros-
and processable. copy but also by NMR spectroscopy. The synthesis involves

The final step in the synthesis of extended PAHs is the four steps.
oxidative cyclodehydrogenation of suitably substituted oligophen-  Starting from 1,3,5-tribromobenzeng3dj, Pd(0)-catalyzed
ylenes which is performed under Lewis acidic conditibhs.  Hagihara reaction with phenylacetylene afforded 3,5-dibromo-
Commonly used are copper(ll) chloride/aluminum(lil) chloride, diphenylacetylene 24) in 77% yield. The alkyne25 was
copper(ll)-trifluoromethanesulfonate/aluminum(lll) chloride obtained via Pd(0)-catalyzed Suzuki coupling 24 with

(15) Vollnardt, K. P. CAcc. Chem. Red970 10, 1. phenylboronic acid, whi_ch was then converted _il‘_ltO th_e oli-

(16) Dilthey, W.: Hurtig, G.Chem. Ber1934 67, 495. gophenylene precurs@6 in a Diels—Alder cycloaddition with

(17) Kovacic, P.; Jones, M. BChem. Re. 1987, 87, 357. tetraphenylcyclopentadienon26{ 77%; 26a, 92%). Cyclode-
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Scheme 2. Synthesis of PAHFa and 8a2

R R

16

+

R=R'=Cq2H25

21

aConditions: (a) diphenyl ether, reflux, 24 h; 44% (b) F&CIH,Cl,, 25°C, 30 min, 24%,; (c)p-xylene, reflux, 24 h, 99%; (d) Fe&ICH.CI,,
25°C, 30 min, 53%.

Scheme 3. Synthesis of Arrowlike PAH® and 9&*

z 24 25

R=H
R=C12H25 25a

R
R

H 9
C12H25  9a

=H 26

=C12H25 26a
a(a) phenylacetylene, Pd(P§h Cul, piperidine, 25°C, 24 h, 77%; (b) Pd(PRh, toluene, kCO; EtOH, HO, reflux, 24 h, 99%; (c)

tetraphenylcyclopentadienone, diphenyl ether, reflux, 16 h, 77%; (d) CWORR, AICl;, CS, 25°C, 24 h, 75%.

hydrogenation o6 with copper(I)trifluoromethanesulfonate/  unprocessable. Whereas the unsubstituted anal®gsi€om-
aluminum(lll) chloride and®6awith iron(lll) chloride yielded pletely insoluble, the poor solubility dda allows purification
the desired PAHS and9a, respectively, as a brownish orange by column chromatography.

powder Q, 75%; 9a, 73%). The four dodecyl chains &fa A comparison of the proton NMR shifts of the structurally
provide sufficient solubility for characterization so that the related compoundga, 8a, and9a reveals interesting informa-
proposed structure could be proven unambiguoushH AMR tion. The observed chemical shifts result from a complex

spectrum was recorded at 140. As expected, due to lack of interplay of ring size, perimeter type, and aggregation. A
symmetry, the spectrum is complex and difficult to interpret. complete assignment of all signals was achieved by a combina-
Strongr—a-interactions between single molecules favor ag- tion of 1D NOE difference and H,H COSY measurements. As
gregation leading to broad resonance signals in the NMR expected from the deshielding effects induced by stronger ring
spectrum and disallow complete assignment of all signals. Masscurrent, protons inside a bay (e.gs, [Scheme 2) absorb at lower
spectrometry and elemental analysis gave satisfying results andield than those offside a bay gH This becomes clear when
were in full accordance with the theoretically expected values. comparing the shifts for Hand H in 7a and8a, respectively
This example demonstrates again the problems of structure(7a: Hi, 6 = 8.97 ppm; H, 6 = 7.64 ppm.8a: Hj, 6 = 8.40
elucidation of PAHs with insufficient solubility and process- ppm; H, 6 = 7.42 ppm). A comparison between the two slightly
ability, where a molecule as small @ais on the verge of being  different bay types irva and 8a (8a contains a propyl group
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Scheme 4. Synthesis of PAHLQ?

aConditions: (a) phenylboronic acid, Pd(RRhtoluene, kKCO;, EtOH, HO, reflux, 24 h, 91%; (b) NBS, CGlreflux, 18 h, 94%; (c) Fe(CQ)
NaOH, PTC, CHCl,, H;O, reflux, 18 h, 31%; (d) benzihBus,NOH, 1,4-dioxane, reflux, 1 h, 47%,; (e) diarylacetylene, diphenyl ether, reflux, 16
h, 95%; (f) Cu(OSGCF),, AlCl3, CS, 25°C, 24 h, 87%.

where 7a bears a proton, ¥) clearly demonstrates that both 5). Condensation to the cyclopentadien@teand subsequent

ring current-induced deshielding and van der Waals shielding Diels—Alder addition with dienophil&4 afforded an inseparable

effects influence chemical shifts. However, both resonances for mixture of the regioisomers887a and 37b in 95% yield.

H; and H appear at lower field irva whereas the strongest Nevertheless, cyclodehydrogenation of the isomers resulted in

ring current-induced deshielding is seen for the cove-type protonthe PAH6 because oxidative formation of 12 carbecarbon

H7 in 7a. Surprisingly, the analogous proton%9a (Scheme 3) bonds led to the same target molecule in both cases.

resonates at significantly higher field. However, the broad The next higher homologue of HBC is thg:gcompound

signals in the proton NMR spectrum 6& suggest that ring 5. The intended synthesis involves three steps starting from the

protons could be placed in the shielding region of a neighboring brominated o-terphenyl 38 (Scheme 6¥° Pd(0)-catalyzed

disk-type 7-system due to aggregation effects and would, coupling to the diarylacetylen89 (78%) was followed by

therefore, lead to an absorption at higher field. trimerization with dicobaltoctacarbonyl, which afforded the
At this point it should be noted that we have been able to precursor0. Unexpectedly, subsequent cyclodehydrogenation

perform a detailed NMR analysis of the parent compodnd afforded not only the desired PABIbut also species of slightly

since it had been sufficiently soluble in tetrachloroethane at 80 higher molecular weight, as will be discussed later.

°C. Also, we could subject to X-ray crystal structure analysis. A brief discussion of the physical properties of the PAgjs

It should be mentioned that is planar within the limit of 6 9, and10 clearly points out the difficulties in investigating

accuracy, which is important since one might have anticipated the chemistry and proving the structure of such extended

that a steric interaction of protons in the cove,(H7) might aromatic systems. All four compounds are completely insoluble;
cause a bending of the-system and would also influence purification was therefore limited to extensive washing and
chemical shifts. extraction, and structure elucidation was restricted to mass
Extending ther-system in only one direction by adding two  spectrometry, UV spectroscopy, and elemental analysis. UV
additional phenyl rings t® leads to the “cove’-type PAHO spectra could only be recorded by smearing the sample onto a

(Scheme 4). 3,5-Diphenyltoluen2d) was prepared by Suzuki  quartz substrate, as will be discussed later. Due to their poor
coupling of 3,5-dibromotoluene2y) with phenylboronic acid processability, unsubstituted PAHs more extended than the
in 91% vyield. NBS bromination o8 afforded the benzyl  perylene derivative? exceed the limits of conventional tech-
bromide derivative29, which was converted into bis(3,5- niques of characterization, which requires the development of
diphenylbenzyl) ketone3Q) under the use of iron pentacarbonyl. new sophisticated methods of structure proof. The most powerful
Knoevenagel condensation 80 with benzil gave cyclopenta-  tool for identifying extended PAHs has turned out to be LD-
dienone31, which was then subjected to Dielélder cycload- TOF or MALDI-TOF mass spectrometry. PAHS& 9, and 10
dition with diphenylacetylene to yield the oligophenyle32 have been investigated by LD-TOF mass spectrometry and the
(95%). Oxidative cyclodehydrogenation under conditions men- obtained highly resolved spectra gave unambiguous evidence
tioned above resulted in the PAH) as a brown powder (87%).  for a complete cyclization since the formation of each chemical
An alternative route leading ttOwill be published elsewheré. bond between adjacent phenyl rings reduces the molecular

The synthesis of the starlike PAB with a “cove”-type weight by two mass unit§2The observed isotopic distribution
periphery required an unsymmetrically substituted diketone, pattern was in all cases in good correspondence to the theoreti-
which was synthesized via Hagihara coupling of 3-bromobi- cally expected distribution (Figure 1).
phenyl @3) with phenylacetylene and subsequent oxidation of  However, LD-TOF mass spectrometry also suffers from a
the resulting acetyleng4 to the benzil derivativ85 (Scheme severe problem: Probably due to their dominating -

(18) Kibel, C.. Eckhardt, K.. Enkelmann, V.- Wegner, G. ién, K. interacti_ons, more extended PAHSs require _high Ias_er power for
J. Mater. Chem200q 10, 879. desorption of the analyte molecules, which easily leads to

(19) Sato, T.; Shimada, S.; Hata, Bull. Chem. Soc. JprL969 42, 6. unfavorable side reactions such as fragmentation or hydrogen
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Scheme 5. Synthesis of Star-like PAH?

aConditions: (a) phenylacetylene, Pd(RRhCul, piperidine, 25°C, 24 h, 94%; (b) 4, DMSO, reflux, 18 h, 81%; (cBO, nBusNOH, 1,4-
dioxane, reflux, 15 min, 59%; (d34, diphenyl ether, reflux, 2 h, 68%; (e) Cu(OgF),, AICl;, CS, 25°C, 24 h, 89%.

Scheme 6. Synthesis of PAH? PAH 6

© |

I |
simulation S JL\:T_;
966 968 970 872

(CHg)ySn—==—8n(C, M), @

955 960 965 970 975 980
ml/z
| PAH 9
'
simulation L;LL;:
670 672 674
e A AN U\J\J\\AW_____A_‘_\
660 665 670 675 680 685
m/z
40 5
aConditions: (a) Pd(PRJy, toluene, 120°C, 72 h, 78%; (b)

Cox(CO), 1,4-dioxane, 100C, 14 h, 36%; (c) Cu(OSEEFs)s, AICI, | PAH 10
CS,, 25°C, 24 h, 89%. h ”

o _ imulation I _
elimination. As a consequence, the obtained spectra get more ™" <

complex and tedious to interpret. These difficulties can be clearly

demonstrated when large PAHs are investigated with LD

techniqued The results of the MALDI-TOF measurements will

be discussed later. LD characterization of the PR¢bntaining W\A/\,/\J
114 carbons revealed yet a further unforeseen problem: Contrary
to PAHs 6, 9, and 10, the LD spectrum shows not only the
desired molecular peak atz = 1398, but also two other peaks
of comparable intensity which are four and six mass units higher.
These two additional peaks cannot be explained satisfactorily
by partially cyclized or chlorinated species because extension
of reaction time only led to increased chlorination and the dynamic point of view, incomplete cyclization would also be
observed peaks remained unchanged, which suggests that theynfavorable because only the formation of a fully dehydroge-
do not originate from incomplete cyclization. From a thermo- nated system gains a major increase of resonance energy. On

810 815 820 825 830

mwz
Figure 1. LD-TOF spectra of PAH, 9, and 10. Samples were
suspended in tetrachloroethane and ultrasonificated to prevent formation
of aggregates.
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Scheme 7.Rearrangement and Formation of the PA4%
and44

the other hand, chlorination would result in peaks corresponding
with molecular weights several mass units higher. We therefore
tentatively attribute these two peaks to the PA¥&sand 44
which are formed by rearrangement of the precud®iand
subsequent cyclization (Scheme 7).

A prerequisite to the formation of the oligophenylents
and43is a 1,2-phenyl shift and a rotation around a biphenyl
bond. We suggest that the 1,2-phenyl shift is catalyzed by the
strong Lewis acid aluminum(lll) chloride, a reaction that has

precedence in the observations of Allen and Pingert in the case

of o-terphenyB® Rearrangement at low temperature ledro

andp-terphenyl, whereas at high temperature, triphenylene was

yielded. However, the rearrangement ofterphenyl to p-
terphenyl via the meta derivative occurred under relatively

drastic conditions, i.e., refluxing benzene and extended reaction

times. Complete conversion of the ortho to a mixture of meta

and para isomers was observed after 3 days and after 11 dayé'

only p-terphenyl was found. Therefore, it can be concluded that

J. Am. Chem. Soc., Vol. 122, No. 32,7200

o-terphenyl unit. However, such a hypothesis is not in ac-
cordance with Allen and Pingert’s results. In the case of the
starlike PAH®6, rearrangement of arterphenyl unit into an
o-terphenyl unit is possible in general. On the other hand, the
cyclodehydrogenation was completed in 24 h at room temper-
ature, which makes such a phenyl shift less probable. Therefore,
the possibility of rearrangements under our reaction conditions
seems to be restricted to oligophenylenes that bearphenyl
units.

The assumed rotation in the precursor moledd@round a
biphenyl bond is not sterically hindered. Quantification of the
relative amounts of the target molecland the two rearranged
species is rather difficult, since desorption and ionization
probabilities strongly depend on the molecules’ structure.
However, close similarity of the molecular structure and LD
peak intensities suggest that all three species are formed in
comparable amounts, which means that our cyclodehydroge-
nation route does not selectively lead to the desired BAH

To prove this hypothesis and to offer an additional approach
to an extended PAH containing 114 carbons, the synthesis of a
polyalkylated derivative ob containing 12 alkoxy chains is
now underway. Since the cyclization product is expected to
provide sufficient solubility for detailed characterization, insight
should be provided into the cyclization mechanism of large
oligophenylenes that bearterphenyl units.

The above-mentioned LD technique for the characterization
of large, insoluble PAHSs is supplemented by a complementary
method, MALDI-TOF spectrometry, which induces desorption
of the sample more smoothly by distributing the analyte
molecules in an appropriate matéPAHs5, 6, 9, and10were
also investigated by MALDI-TOF spectrometry and found to
contain traces of partially cyclized as well as monochlorinated
compounds. Quantification of these impurities is still a challenge
since desorption and ionization probabilities of the impurities
and the target molecule are usually different. Nevertheless,
considering both techniques, LD- and MALDI-TOF spec-
trometry, the amount of the organic side products can be
estimated to be less than 2% in an even more extended PAH
containing 222 carbon ator®

Mass spectrometry can quantify organic side products in the
final cyclization reaction, whereas inorganic impurities such as
aluminum, copper, and chlorine were found to be less than 1%
according to energy-dispersive X-ray spectroscopy (EDX) and
electron energy loss spectroscopy (EEES).

All the results obtained so far by mass spectrometry provide
reliable proof for the structure of extended PAHs. Since our
interest focuses not only on the synthesis and characterization
of large PAHSs but also on their optical properties, UV/visible
spectroscopy remains an important method to deliver informa-
jon in this field. However, nearly all of the large PAHs
investigated in this study show extremely low solubility,

rearrangement of the meta to the para derivative requires severalnsufficient to record their optical absorption spectra in solution.

days and elevated temperatures even for a small aromatic

Even high-boiling solvents as xylene could not break up

molecule if a stepwise mechanism is assumed. The precurso2d9regation. For example, PABS9, and10 were refluxed in

of the extended PAH, the oligophenylene compourdd, also
containso-terphenyl units, which makes the proposed 1,2-phenyl
shift most probablé32 Since the other extended, unsubstituted
PAHs6, 9, and10 show only the desired molecular peak in the
LD spectrum, hypothetical rearrangements, i.e., 1,2-phenyl
shifts, would have to result in species with exactly the same
molecular weight to be indistinguishable by mass spectrometry.
For PAHs9 and 10, this would require a phenyl shift in the
opposite direction; i.e., arterphenyl unit rearranges into an

(20) Allen, C. F. H.; Pingert, F. RI. Am. Chem. Sod.942 64, 1365.

o-xylene for several days and no UV/visible spectra were
obtained from these solutioA3.Thus, the only possibility to

determine these properties for large unsubstituted PAHs is
measurement in thin films (solid-state characterization). Thin
films may be prepared mechanically by simply smearing
samples on a quartz substrate. Model studies were first
conducted to ensure the reliability of the solid-state method;

(21) Kubel, C. Ph.D. Thesis, Johannes Gutenberg-University, Mainz,
1998.

(22) Brand, J. D.; Ph.D. Thesis, Johannes Gutenberg-University, Mainz,
1999.
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Figure 3. UV/visible spectra of thin films (quartz substrate) of PAHs
6,9, and10: Note the bathochromic shift of tiebands, a consequence

of extending ther-system of PAHSs. Arbitrary units were chosen for
the ordinate because no extinction coefficients could be determined
for the thin film measurements.
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symmetry and size considerations. The synthetic route follows
a two-step protocol involving the buildup of appropriate
precursor molecules and subsequent cyclodehydrogenation to
planar all-benzenoid hydrocarbons. In principle, this route can
, \' o %% avelsngth o] s be extended to even larger PAHSs than presented here provided
: that planarization is still sterically possible. However, nonalkyl-
o substituted PAHs suffer from meager solubility so that char-
0,0 p-bands solution (CHCI)) - acterization and purification still remain a challenge. Therefore,

— 11— structure elucidation basically focuses on sophisticated tech-
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wbands Tremeeeea thin film

nigues of laser desorption time-of-flight mass spectrometry as
Wavelength [ nm ] well as UVvisible spectroscopy. Although LD-TOF mass
Figure 2. UV/visible spectra of PAHsa (a) and 9a (b): solution spectrometry can definitely prove the success of the final

and thin-film (quartz substrate) spectra displaying the same optical cyclodehydrogenation, the question of rearrangements concern-
properties. Arbitrary units were chosen for the ordinate because no ing the most extended PAH of the presented sefigstill has
extinction coefficients could be determined for the thin-film measure- g he elucidated further. Nevertheless, they seem to be restricted
ments. For solution spectra, extinction coefficients are given in 4, oligophenylenes witho-terphenyl units; the other members
parentheses. of the PAH family reported herein could be synthesized in
i.e., smaller analogues (e.g7a 8a, 99 with solubilizing moderate to high yields. The UV spectra recorded for thin films
substituents were characterized both in solution and as thin film consistently exhibit a significant bathochromic shift of the
and good correlation was seen between the two methods.  -bands, and current research on the optical properties of even

We have observed similar peaks in the thin-film Yvisible more extended PAHs is still going on in our laboratories. These
spectra, although the optical absorption bands in the solid stateinvestigations should be the key to increase our knowledge on
are broad and weakly red shifted<2 nm), compared to the  large aromatic compounds, which are considered to be the still
corresponding solution spectra of the alkyl-substituted analoguemissing link between benzene and macroscopic graphite.
compounds (Figure 2). ) )

The UV/visible spectra ofaand8aclearly show three types ~ EXPerimental Section
(groups) of bandsao 5, p) which are typical of aromatic 1,2,3,4-Tetrakis(4-dodecyl)phenyl-5,6-dipropylbenzene (203-Oc-
hydrocarbons, in solution as well as in fifhThe spectra of tyne (19; 0.95 g, 8.62 mmol) and 2,3,4,5-tetrakis(4-dodecylphenyl)-
8a are given as an example in Figure 2a. The detection of the cyclopentadienonelg; 2.02 g, 1.91 mmol) were dissolved in diphenyl
a-band (510 nm) o8 is difficult because of the extremely low ether (14 mL) under an argon atmosphere and the resultant mixture
intensity of this band, but both spectra (solution and film) Wa$dref'uxed for _1f_6 3- bSO'Velm Wasr:emOVted in Vr?cu(ov ?”flj ttft‘]e f;g_tari]'?Ed
distinctly show thes-bands 385 nm) and p-bands-460 nm). ~ '€sldué was puriied by column chromatography (petrolether/aichio-

Having establizied its reliability, we applied this method to rOMethane) o give ayellowish oil (0.96 g, 44961 NMR (250 MHz,

the larger hydrocarbons. With extending size of #heystem, %%ﬁ'gg gf%(_'d)’J(;f 'éJHi’ézH )H26 'ilH)(di;%gE?; :)z %E'O

the §pectra are progressively red shifteq and this trend is mostaCszdodecy)’ 2.18 (t,J = 7.4 Hz, 4H,aCHypropy), 1.59-0.89 (m, 84H,
easily observed in the stronger absorption bandsfthands. Haly), 0.80 (t,J = 6.8 Hz, 12 H, CH godecy), 0.65 (t,J = 7.3 Hz, 3 H,
More specifically, this absorption peak is steadily shifted from CH; pop); 3C NMR (125 MHz, GDCls, 33 °C) 6 141.06, 139.83,
387 nm for9 to 440 nm for6 as the size of the chromophore  139.12, 139.06, 138.88, 138.63, 138.09 (allofe), 131.49, 130.79,
increases as shown in Figure 3. Similar investigations of the 127.18, 126.35 (all GomaH), 36.03, 35.78, 35.58, 33.45, 32.26, 31.65,
optical behavior of other PAHs and a detailed discussion of 31.55,30.07, 30.02, 29.85, 29.72, 29.28, 29.14, 25.03, 23.054gl),C

the obtained results will be published elsewhére. 15.25, 14.55 (all Ch); MS (FD, 8 kV) mz (%) 1139.5 (100) [M]
(calcd for G4H1so, 1140.0). Anal. Calced for £Hi1s6 C, 88.51; H, 11.49.
Conclusions and Outlook Found: C, 87.87; H, 11.38.

] ] ) ) 1,2,3,4,5-Pentakis(4-dodecyl)phenylbenzene (223-(Dodecyl)-
In this paper, we have introduced a new series of PAHSs with phenylacetylenet; 1.00 g, 3.70 mmol) and6 (4.31 g, 4.07 mmol)
different perimeter types, which have been designed based onwere dissolved iro-xylene (20 mL) under an argon atmosphere and
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refluxed for 16 h. Solvent was removed in vacuo, and the obtained phenylphosphine) (1.40 g, 1.21 mmol), and Cul (442.1 mg, 2.32 mmol)
residue was purified by column chromatography (petroleum ether/ in piperidine (300 mL), phenylacetylene (5.21 mL, 4.85 g, 47.44 mmol)
dichloromethane) to give a yellowish oil which crystallized upon was added. The resulting mixture was stirred at room temperature for

standing (4.77 g, 99%): mp 2%C; *H NMR (250 MHz, THFdg) 6
7.38 (s, 1H, Hov), 6.93 (d,J = 8.2 Hz, 4H, Hoye), 6.85 (d,J = 7.9

Hz, 4H, Hove), 6.64-6.59 (m, 8H), 6.56:6.52 (m, 8H), 2.482.36
(m, 4H,a.CH,), 2.36-2.22 (m, 6H0oCH;,), 1.52-1.27 (m, 10HCHy),
1.26-0.97 (M, 90H, Hyy), 0.85-0.73 (m, 15H, CH); 3C NMR (125
MHz, CD,Cl,, 33°C) 6 142.88, 141.69, 141.40, 140.81, 140.45, 140.17,
140.09, 138.86, 138.53 (allafema), 132.25, 132.19, 131.92, 130.62,
128.35, 127.69, 127.34 (allemaH), 36.33, 36.18, 32.81, 32.25, 32.19,

32.15, 30.61, 30.56, 30.52, 30.41, 30.38, 30.25, 30.22, 30.15, 29.74,

23.55 (all Giyi), 14.73 (CH); MS (FD, 8 kV) vz (%) 1299.4 (100)
[M*] (calcd for GgHiae 1300.2). Anal. Calcd for 6His6 C, 88.68;
H, 11.32. Found: C, 88.11; H, 11.09.

PAH 7a. (Since the systematic names according to the IUPAC

24 h under an argon atmosphere. The reaction mixture was poured into
NH,CI solution and extracted with dichloromethane. The organic layer
was washed with NECI solution and water and then dried with Mg&O
After the solvent was removed in vacuo, the residue was purified by
column chromatography (petroleum ether) to aff@gdd12.32 g, 77%)
as colorless crystals: mp 10%007.9°C; *H NMR (300 MHz, CDC})
0 7.61 (t,J = 1.8 Hz, 1H), 7.59 (dJ = 1.8 Hz, 2H), 7.53-7.46 (m,
2H), 7.38-7.32 (m, 3H);**C NMR (75 MHz, CDC}) 6 133.89, 132.99,
131.74, 128.96, 128.46, 126.76, 122.62, 122.27, 91.96, 86.38; MS (FD,
8 kV) m/z (%) 336.1 (100) [M] (calcd for G4HgBr2, 335.90). Anal.
Calcd for G4HsBry: C, 50.04; H, 2.40; Br, 47.56. Found: C, 49.84;
H, 3.15.

3,5-Diphenyldiphenylacetylene (25)To a deoxygenated solution

nomenclature do not contribute to the clarity of the molecular structure of phenylboronic acid (8.78 g, 71.99 mmol) angdO; (41.5 g, 300.3
as can easily be seen for the smallest and the largest PAH presentednmol) in water (150 mL) and ethanol (75 mL), a deoxygenated solution
herein,8a and5, respectively, we decided not to give the full IUPAC  of 24 (6.00 g, 17.85 mmol) in toluene (300 mL) and palladium{0)
names, but just the numbers of compounds as shown in the schemes.)etrakis(triphenylphosphine) (2.03 mg, 1.756 mmol) was added. The

PAH 8a: 3,6,9,12-Tetra(dodecyl)-15,16-dipropyl(tribenzglh,i;K])- resulting mixture was heated at reflux for 24 h under an argon
perylene. atmosphere. The reaction mixture was poured into water and extracted

PAH 5: Bisbenzo[8,6']naphthaceno[21”,12',11",10',9":5 ,6,7,8,9]- with toluene. The organic layer was washed with water and dried with
heptaceno[118,17,16,15,14,13:3,4,5,6,7,8,9,10]hexaceno[2,1,16, MgSQs. After the solvent was removed in vacuo, the residue was
15,14,13,12,1Hefghijkmno2,1',16,15,14,13,12,11 -stuswxyzyb;:c10h]- purified by column chromatography (dichloromethane/petroleum ether)
heptacene to afford 25 (5.84 g, 99%) as colorless crystals: mp 127128.1°C;

22(1.03 g, 0.80 mmol) was dissolved in dichloromethane (200 mL) *H NMR (300 MHz, CDC}) 6 7.77 (t,J = 1.7 Hz, 1H), 7.75 (dJ =
in a Schlenk flask under an argon atmosphere. Throughout the whole1.7 Hz, 2H), 7.66 (dJ = 6.9 Hz, 4H), 7.58 (ddJ = 7.1 Hz, 2.5 Hz,
reaction, a constant stream of Ar was bubbled through the mixture to 2H), 7.47 (ddJ = 7.4 Hz, 6.9 Hz, 4H), 7.427.34 (m, 5H);"*C NMR
remove HCI formed in situ. A solution of iron(lll) chloride (1.64 g, (75 MHz, CDC}) 6 142.00, 140.40, 131.69, 129.15, 128.86, 128.39,
10.11 mmol) in nitromethane was added dropwise, and the mixture 127.72, 127.22, 126.13, 124.19, 123.20, 89.60, 89.36; MS (FD, 8 kV)
stirred for 30 min at room temperature. Methanol (100 mL) was added, Mz (%) 330.3 (100) [M] (calcd for GgHas, 330.43). Anal. Calcd for
and a beige solid precipitated which was filtered, dried, and purified CeeHis: C, 94.51; H, 5.49. Found: C, 95.14; H, 5.03.
by column chromatography (petrolether/dichloromethane). Recrystal-  (3,5-Diphenylphenyl)pentaphenylbenzene (26A mixture of 25
lization fromn-heptane yielded an orange solid (545 mg, 53%): NOE (1.00 g, 3.03 mmol) and tetraphenylcyclopentadienone (1.20 g, 3.13
difference!H NMR; H,H COSYH NMR (500 MHz,GDCl,) ¢ 10.11 mmol) in diphenyl ether (10 mL) was heated at reflux for 16 h under
(s, 1H, H), 8.97 (d,J = 8.3 Hz, 2H, H), 8.83 (s, 2H, H), 8.80 (s, 2H, an argon atmosphere. After cooling to room temperature, ethanol (100
Hs), 8.70 (s, 2H, H), 8.59 (s, 2H, H), 7.58 (d,J = 8.3 Hz, 2H, H), mL) was added to the reaction mixture. The precipitated crystals were
3.15-3.0 (m, 6H,0.CHy), 3.0-2.85 (m, 4H,aCH;,), 2.0-1.70 (m, 10H, collected by filtration and purified by recrystallization from dichlo-
BCHy), 1.60-0.95 (m, 90H, Hiy), 0.85-0.65 (m, 15H, CH); 3C NMR romethane/ethanol to affo@b (1.60 g, 77%) as colorless crystals: mp
(125 MHz, CS/CDCl) ¢ 141.17, 140.43, 136.34, 131.53, 130.32, >300°C;H NMR (500 MHz, CDC}) 6 7.37-7.19 (m, 11H), 7.108
129.61, 129.51 (all Goma), 129.31 (GromaH), 128.08 (Groma), 126.41 (d,J= 1.8 Hz, 2H), 7.0%6.86 (m, 25H)3C NMR (125 MHz, CDC})
(CaromaH), 123.46 (GromaH), 123.15 (Groma), 122.49 (Groma), 122.01 o 140.82, 140.63, 140.61, 140.51, 140.43, 139.98, 139.90, 139.80,
(CaromaH), 121.53 (GromaH), 37.52, 36.74, 35.07, 32.61, 32.29, 31.98, 131.63, 131.47, 131.44,129.91, 128.43, 127.05, 126.93, 126.80, 126.60,
30.10, 30.04, 29.74, 25.91, 23.12 (alli&), 14.81, 14.41 (all Ch); 125.49, 125.24, 123.04; MS (FD, 8 k\fVz (%) 686.8 (100) [M]

MS (LD-TOF) m/z (%) 1292.1 (100) [M] (calcd for GeHizs, 1292.2). (calcd for G4Hss, 686.30). Anal. Calcd for GHsg: C, 94.42; H, 5.58.
Anal. Calcd for GeHizg C, 89.24; H, 10.76. Found: C, 88.80; H, 10.59. Found: C, 94.83; H, 4.84.

PAH 8a. 20(768 mg, 0.67 mmol) was dissolved in dichloromethane PAH 9. (Due to incomplete combustion, elemental analyses for
(30 mL) in a Schlenk flask under an argon atmosphere. Throughout carbon-rich compounds often yield too low carbon contents which can
the whole reaction, a constant stream of argon was bubbled throughbe seen for the PAHS, 6, 9, and10)
the mixture to remove HCI formed in situ. A solution of iron(lll) To a mixture of copper(lh-trifluoromethanesulfonate (2.53 g, 6.93
chloride (982 mg, 6.10 mmol) in nitromethane was added dropwise, mmol) and aluminum(lll) chloride (981.5 mg, 7.361 mmol) in carbon
and the mixture stirred for 30 min at room temperature. Methanol (100 disulfide (50 mL),26 (100.0 mg, 0.15 mmol) was added. After stirring
mL) was added, and a yellow solid precipitated which was purified by at room temperature fdl h under an argon atmosphere, the mixture
column chromatography (petroleum ether/dichloromethane). Recrys- was poured into 10% HCI solution. The precipitated crystals were
tallization fromn-heptane yielded a yellow solid (184 mg, 24%): NOE collected by filtration, washed with 10% NBH solution, water, carbon
difference™ NMR (500 MHz, GD,Cls) 6 8.75 (s, 2H, H), 8.61 (s, disulfide, and dichloromethane, and dried in vacuo to afford@3.2
2H, Hy), 8.46 (d,J = 1.2 Hz, 2H, H), 8.40 (d,J = 8.3 Hz, 2H, H), mg, 75%) as an orange brown powder: mp00 °C; MS (MALDI-

7.42 (dd,J = 8.3 Hz,J = 1.2 Hz, 2H, H), 3.66-3.55 (m, 4H, TOF) m/z (%) 670.7 (100) [M] (calcd for GaH2, 607.17). Anal. Caled
oCHz propy), 3.09 (t,J = 7.7 Hz, 4H,aCH,R), 2.87 (t,J = 8.0 Hz, 4H, for CsiHz2: C, 96.69; H, 3.31. Found: C, 83.51; H, 3.26.

aCHzr), 2.10-1.95 (m, 4H8CH;,), 1.95-1.85 (m, 4H3CH,), 1.85- 4-Dodecylphenylboronic Acid.To a solution of 4-bromododecyl-
1.75 (m, 4H,5CH,), 1.65-1.25 (m, 82H, Huy), 1.05-0.87 (m, 18H, benzene (10.00 g, 30.74 mmol) in dry tetrahydrofuran (200 mL) at
CHjs); 1*C NMR (125 MHz, CDC¥) 6 141.75, 141.03, 136.79, 131.31,  —78 °C, ann-butyllithium solution (1.6 M, 57.5 mL, 92.0 mmol) in
130.30, 129.43, 128.05, 126.84, 123.52, 123.03, 122.30, 122.13, 121.76hexane was added dropwise. After stirring at the same temperature for
(all Caromay, 99.82, 37.38 (Giy), 36.63, 35.15, 32.73, 32.25, 32.00, 1 h, trimethoxyborane (10.5 mL, 9.61 g, 92.46 mmol) was added to
30.00, 29.96, 29.93, 29.70, 25.98, 23.05 (alk}, 15.06 (CH), 14.57 the mixture dropwise. After removing the dry ice acetone bath, the
(CHs); MS (FD, 8 kV) m/z (%) 1134.3 (100) [M] (calcd for GeHaz4, mixture was stirred for another 16 h. Then the mixture was poured
1133.9). Anal. Calcd for &H124 C, 88.98; H, 11.02. Found: C, 88.20;  into 2 N HCI (300 mL) and extracted with dichloromethane. The organic
H, 11.04. layer was washed with water, dried with #62, and concentrated

3,5-Dibromodiphenylacetylene (24)To a solution of 1,3,5-tribro- under reduced pressure to afford the 4-dodecylphenylboronic acid as a
mobenzene 43; 30.40 g, 96.57 mmol), palladium®jetrakis(tri- pale yellow oil which was used without further purification.



7716 J. Am. Chem. Soc., Vol. 122, No. 32, 2000 “tDet al.

3,5-Di(4-dodecylphenyl)diphenylacetylene (25a).o a deoxygen- 3,5-Diphenylbenzyl Bromide (29).A mixture of 28 (8.80 g, 36.02
ated solution of 4-dodecylphenylboronic acid (12.36 g, 42.59 mmol) mmol) and NBS (7.05 g, 39.62 mmol) in carbon tetrachloride (300
and K.CO; (27.6 g, 199.7 mmol) in water (100 mL) and ethanol (50 mL) was heated at reflux for 18 h. After cooling to room temperature,
mL), a deoxygenated solution @# (4.00 g, 11.90 mmol) in toluene precipitated crystals were removed by filtration. The filtrate was
(200 mL) and palladium(G)tetrakis(triphenylphosphine) (688.8 mg, concentrated under reduced pressure. The residue was purified by
0.60 mmol) was added. The resulting mixture was heated at reflux for recrystallization from ethanol to affoi2D (10.91 g, 94%) as colorless
24 h under an argon atmosphere. The reaction mixture was poured intoneedles: mp 91:693.1°C; *H NMR (300 MHz, CDC}) 6 7.72 (t,J
water and extracted with toluene. The organic layer was washed with = 1.5 Hz, 1H), 7.63 (dJ = 6.9 Hz, 4H), 7.59 (d] = 1.5 Hz, 2H),
water and dried with MgS© After the solvent was removed in vacuo,  7.60 (dd,J = 7.3 Hz, 6.9 Hz, 4H), 7.36 (fj = 7.3 Hz, 2H), 4.61 (s,
the residue was purified by column chromatography (petrolether) to 2H); 3C NMR (75 MHz, CDC}) 6 142.45, 140.55, 138.75, 128.85,

afford 25a(1.77 g, 22%) as colorless crystals: mp 4244.2°C; H 127.69, 127.25, 126.75, 126.26, 33.41; MS (FD, 8 kVz (%) 321.1
NMR (300 MHz, CDC}) 6 7.74 (1, = 1.7 Hz, 1H), 7.70 (dJ) = 1.7 (100) [M*] (calcd for GeHisBr, 322.04). Anal. Calcd for GH:sBr:

Hz, 2H), 7.59-7.54 (m, 6H), 7.38-7.32 (m, 3H), 7.26 (d) = 8.0 Hz, C, 70.60; H, 4.68; Br, 24.72. Found: C, 69.74; H, 4.85.

4H), 2.65 (,J = 7.6 Hz, 4H), 1.65 (p,] = 7.6 Hz, 4H), 1.39-1.20 1,3-Bis(3,5-diphenylphenyl)acetone (30Y.0 a mixture 0f29 (11.80
(m, 36H), 0.87 (tJ = 6.9 Hz, 6H);**C NMR (75 MHz, CDC}) ¢ g, 36.51 mmol), NaOH (8.98 g, 224.57 mmol), and benzyltriethyl-

142.59, 141.87, 137.75, 131.68, 128.90, 128.71, 128.35, 128.27, 127.02

125.82, 124.01, 123.30, 89.58, 89.35, 35.64, 31.92, 31.46, 29.67, 29.64

29.60, 29.53, 29.35, 22.68, 14.09; MS (FD, 8 ki (%) 666.7 (100)

[M ] (calcd for GoHee, 666.52). Anal. Caled for &Hss: C, 90.03; H, atmosphere. The reaction mixture was then poured BitN HCI

9.97. Found: C, 90.18; H, 9.82. solution and extracted with dichloromethane. The organic layer was
3,5-Di(4-dodecylphenyl)-4,4"-didodecylhexaphenylbenzene (26a).  ashed with water, dried with MgSQand concentrated in vacuo. The

A mixture of 25a(1.01 g, 1.52 mmol) and 3,4-di(4-dodecylphenyl)- residue was purified by column chromatography (dichloromethane/

2,5-diphenylcyclopentadienone (1.09 g, 1.51 mmol) in diphenyl ether petroleum ether) to affor80 (2.8 g, 31%) as colorless crystals: mp

(10 mL) was refluxed for 18 h under an argon atmosphere. After cooling 213 8-215.5°C; H NMR (500 MHz, CDC}) 8 7.64 (s, 2H), 7.54 (d,

to room temperature, ethanol (100 mL) was added to the reaction j—= 7.9 Hz, 8H), 7.40 (ddJ = 7.9 Hz, 7.6 Hz, 8H), 7.34 ( = 7.6

mixture. The solvent was decanted, and the residual oil was purified Hz, 4H), 7.337 (s, 4H), 3.90 (s, 4H¥C NMR (125 MHz, CDC}) 6

by column chromatography (petroleum ether) to aff@fia (1.89 9, 505,26, 142.36, 140.82, 134.97, 128.77, 127.52, 127.27, 125.02, 49.54;

92%) asa pale yeIIow oil!H NMR (500 MHz, CDCJ;) 07.25 (t,J = MS (FD, 8 kV) m'z (%) 514.5 (100) [M] (calcd for GigH3qO, 514.23).

1.5Hz, 1H), 7.11 (dJ) = 8.2 Hz, 4H), 7.07 (d) = 8.2 Hz, 4H), 7.00  Apg| Calcd for GeHaO: C, 91.02; H, 5.88: O, 3.11. Found: C, 90.26;
(d, J= 15 Hz, 2H), 6.93-6.82 (m, 15H), 6.726.72 (, 8H), 2576 |4 @16,

(t, J= 7.4 Hz, 4H), 2.35 (tJ = 7.4 Hz, 2H), 2.34 (tJ = 7.4 Hz, 2H),
1'26:):(%(‘:] NM7§4(|1_|225 ;\1/||_321C4|33Cl§)0661(ﬂ7716|_|1)4105?? gtilogglrlzm a refluxing solution OBQ (.00 9, 1.95 mmol) and diphenyl diketorje
140.92, 140.74, 140.70, 140.42, 140.16, 139.90, 139.65, 139.34, 139.32(415-8 Mg, 1.98 mmol) in 1,4-dioxane (2 mL), a tetrabutylammonium
138.77, 137.94, 137.91, 131.72, 131.59, 131.33, 131.29, 129.56, 128.49/Ydroxide solution (0.8 M, 1.2 mL, 0.96 mmol) in methanol was added.
126.85, 126.72, 126.67, 126.59, 126.50, 125.36, 125.26, 125.02, 122.63, '€ resulting mixture was heated at reflux fb h under an argon
35.59, 35.32, 31.93, 31.52, 31.15, 29.73, 29.68, 29.64, 29.60, 29_537atmosphere. The reaction mixture was poured into water and extracted

. o with dichloromethane. The organic layer was washed with water, dried
[2,3%8(0;903?03 éf;jff\%gééop\hﬂz (chic%l?gféﬁmlfg 4;(()18;)) with MgSQ,, and concentrated under reduced pressure. The residue
H. 9.93. Found: C. 90.95: H 9'24 ' Y was purified by column chromatography (dichloromethane/petroleum

0, .
PAH 9a. To a stirred solution of26a (1.00 g, 0.74 mmol) in ether) to afford31 (634.5 mg, 47%) as purple crystals: mp 225.4

o 1 =
dichloromethane (200 mL), a solution of iron(lll) chloride (11.85 g, %25769(de legAEZ(Sj)I?i)M7HZ'5 ((:c?,]ci) gggz (g}‘-]I) 714'3_'7—122’522—2'
730.51 mmol) in nitromethane (30 mL) was added dropwise. An argon _ ’ y ’ o ' ' o ’ ’

: 18H), and 7.09 (dJ = 8.4 Hz, 4H);*C NMR (75 MHz, CDC}) o
stream was bubbled through the mixture throughout the course of the
reaction. After stirring for another 30 min, the reaction was quenched 200.23,155.18, 141.38, 140.90, 133.31, 131.46, 129.37, 128.66, 128.33,

. 0,
with methanol (60 mL). The resulting mixture was poured into water llzngOM127.3?,d11(27r.ghlzg.zgéégg.liansC(:FIID,dek‘:lz)éf)SSES
and extracted with hot toluene. The extract was purified by column (100) [M*] (calcd for GsaHseO, -28). Anal. Calcd fo s

chromatography (hot toluene/petroleum ether) to af@a{723.3 mg, 9241, H 5'27'_0' 2.32. Found: C, 91.49; H, 6.59.

73%) as an orange powdetH NMR (500 MHz, CDCYCDCl,, 140 _1,4—B|s(3,5—d|phenylbenzene)z,3,5,6—tetrapheny|benzene (327

°C) ¢ 9.03 (br, 1H), 8.21 (br, 14H), 7.54 (br, 3H), 3.14 (br, 8H), 2.16 Mixture of diphenylacetylene (131.4 mg, 0.74 mmol) &1id(500.5
(br, 8H), 1.89-1.36 (br m, 72H), 1.00 (br, 12H); MS (FD, 8 k\iyz mg, 0.73 mmol) in diphenyl ether (5 mL) was heated at reflux for 16

ammonium chloride (318.5 mg, 1.40 mmol) in dichloromethane (120
mL) and water (6 mL), iron pentacarbonyl (3.6 mL, 5.36 g, 27.38 mmol)
was added. The resulting mixture was refluxed for 18 h under an argon

2,5-(3,5-Diphenylphenyl)-3,4-diphenylcyclopentadienone (3I)o

(%) 1342.9 (100) [M] (calcd for GoHizg 1343.92); MS (MALDI- h under an argon atmosphere. After cooling to room temperature,
TOF) m/z (%) 1342.7 (100) [M] (calcd for GoHizg 1343.92). Anal. ethanol (100 mL) was added to the reaction mixture. The precipitated
Calcd for GoHiig C, 91.15; H, 8.85. Found: C, 91.16: H, 8.78. crystals were collected by filtration and purified by recrystallization

3,5-Diphenyltoluene (28).To a deoxygenated solution of phenyl- from dichloromethane/ethanol to affo@ (579.5 mg, 95%) as colorless
boronic acid (19.51 g, 160.01 mmol) and®Os (66.34 g, 480.01 mmol)  Crystals: mp>300°C; *H NMR (500 MHz, CDCH) 6 7.35 (tJ=7.5
in water (240 mL) and ethanol (120 mL), a deoxygenated solution of Hz, 8H), 7.33 (tJ = 1.5 Hz, 2H), 7.29 (tJ) = 7.2 Hz, 8H), 7.22 (d,
3,5-dibromotoluene27; 10.00 g, 40.01 mmol) in toluene (500 mL) ¥ = 7.2 Hz, 8H), 7.11 (d) = 1.5 Hz, 4H), 7.03-6.96 (M, 16H), 6.93
and palladium(OYtetrakis(triphenylphosphine) (4.62 g, 4.00 mmolywas  (t: J = 6.7 Hz, 4H);**C NMR (125 MHz, CDC}) 6 141.37, 141.12,
added. The resulting mixture was heated at reflux for 4 days under an 140-82, 140.61, 140.22, 139.94, 131.68, 129.93, 128.44, 127.08, 126.95,
argon atmosphere. The reaction mixture was poured into water and126.85, 125.56, 123.10; MS (FD, 8 k\jyz (%) 837.7 (100) [M]
extracted with toluene. The organic layer was washed with water and (calcd for GgHae, 838.36). Anal. Calcd for €Hae-4H,0: C, 87.00;
dried with MgSQ. After the solvent was removed in vacuo, the residue H. 5.97; O, 7.02. Found: C, 87.31; H, 5.53.

was purified by recrystallization from ethanol to affo?8 (8.88 g, PAH 10. To a mixture of copper(Ih-trifluoromethanesulfonate (5.20
91%) as colorless crystals: mp 133431.9°C; *H NMR (300 MHz, g, 14.37 mmol) and aluminum(lIl) chloride (2.00 g, 15.01 mol) in
CDCl) 6 7.65 (d,J = 7.6 Hz, 4H), 7.62 (s, 1H), 7.46 (dd,= 7.6 Hz, carbon disulfide (200 mL}32(200.4 mg, 0.24 mmol) was added. After

7.3 Hz, 4H), 7.41 (s, 2H), 7.36 (§,= 7.3 Hz, 2H), 2.50 (s, 3H)}3C stirring at room temperature for 24 h under an argon atmosphere, the
NMR (75 MHz, CDCE) ¢ 141.80, 141.32, 138.75, 128.72, 127.28, resulting mixture was poured into 10% HCI solution. The precipitated
127.26, 126.96, 123.40, 21.58; MS (FD, 8 kivijz (%) 244.2 (100) crystals were collected by filtration, washed with 10% 4@+ solution,

[M*] (calcd for GgH1s, 244.13). Anal. Calcd for GHi6: C, 93.40; H, water, carbon disulfide, and dichloromethane, and dried in vacuo to
6.60. Found: C, 93.51; H, 6.57. afford 10 (171.4 mg, 88%) as a brown powder: m800 °C; MS
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(FD, 8 kV) m/z (%) (100) [M'] (calcd for GeHas, 818.20). Anal. Calcd
for CeeHze: C, 96.80; H, 3.20. Found: C, 86.67; H, 3.26.
3-Phenyldiphenylacetylene (34)To a solution of 3-bromobiphenyl
(33) (5.54 g, 23.79 mmol), palladium(}etrakis(triphenylphosphine)
(1.24 g, 1.07 mmol), and Cul (408.6 mg, 2.15 mmol) in piperidine
(200 mL), phenylacetylene (4.7 mL, 4.39 g, 42.98 mmol) was added.
The resulting mixture was stirred at 8C for 5 h under an argon
atmosphere. The reaction mixture was poured inta®ltdolution and
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130.53, 130.29, 130.16, 129.97, 129.87, 129.85, 129.73, 128.46, 127.37,
127.22,127.15, 127.10, 127.04, 127.00, 126.88, 125.81, 125.79, 124.44,
123.25, 123.21; MS (FD, 8 kVin'z (%) 991.1 (100) [M] (calcd for
CrgHss, 990.42). Anal. Calcd for gHss: C, 94.51; H, 5.49. Found:
C, 93.70; H, 6.08.

PAH 6. To a mixture of copper(lh-trifluoromethanesulfonate (5.26
g, 14.55 mmol) and aluminum(lll) chloride (2.25 g, 16.84 mol) in
carbon disulfide (200 mL), the mixture &7a and 37b (200.0 mg,

extracted with dichloromethane. The organic layer was washed with 0.20 mmol) was added. After stirring at room temperature for 24 h

NH,4CI solution and water and then dried with MgS@fter the solvent

under an argon atmosphere, the resulting mixture was poured into 10%

was removed in vacuo, the residue was purified by column chroma- HCI solution. The precipitated crystals were collected by filtration,

tography (petroleum ether) to affo# (5.66 g, 94%) as a colorless
oil: *H NMR (300 MHz, CDC}) 6 7.57 (t,J = 1.5 Hz, 1H), 7.4%
7.10 (m, 13H):C NMR (75 MHz, CDC}) 6 141.42, 140.36, 131.64,

washed with 10% NEDH solution, water, carbon disulfide, and
dichloromethane, and dried in vacuo to aff@&{.74.2 mg, 89%) as a
brown powder: mp>300°C; MS (MALDI-TOF) m/z (%) 965.9 (100)

130.34, 128.80, 128.78, 128.35, 128.29, 127.58, 127.10, 127.08, 123.74]M *] (calcd for GgHao, 966.23). Anal. Calcd for &Hso: C, 96.87; H,

123.24,89.52, 89.37; MS (FD, 8 kWy¥z (%) 254.3 (100) [M] (calcd
for C20H14, 25411)

3-Phenyl Diphenyl Diketone (35) A solution 0f34 (3.00 g, 11.80
mmol) and iodine (1.53 g, 7.14 mmol) in DMSO (50 mL) was heated

3.13. Found: C, 92.07; H, 3.46.
Bis(4,1:2',1"terphen-1-yl)acetylene (39)To a deoxygenated solu-

tion of 4-bromo-1,12',1"-terphenyl 88, 4.50 g, 14.60 mmoly in

toluene (60 mL), palladium(©)tetrakis(triphenylphosphine) (1.52 g,

at reflux for 18 h under an argon atmosphere. The reaction mixture 1.32 mmol) and bis(tributylstannyl)acetylene (5.86 g, 9.70 mmol) were

was poured into N&O; solution and extracted with dichloromethane.
The organic layer was washed with water, dried with MgSand

added under an argon atmosphere and refluxed for 62 h. After the
solvent was removed in vacuo, the residue was purified by column

concentrated under reduced pressure. The residue was purified bychromatography (petroleum ether/dichloromethane)) to a§én@.74

column chromatography (dichloromethane/petroleum ether) to3five
(2.75 g, 81%) as yellow crystals: mp 7£82.1°C; 'H NMR (300
MHz, CDCk) 6 8.20 (t,J = 1.7 Hz, 1H), 8.02-7.85 (m, 4H), 7.6%
7.33 (m, 8H);**C NMR (75 MHz, CDC}) ¢ 194.48, 194.43, 142.29,

g, 78%) as colorless crystals: mp 253, *H NMR (500 MHz, CDC})
0 7.42-7.41 (m, 8H); 7.33 (dJ = 8.6 Hz, 4H), 7.247.18 (m, 6H),
7.14-7.11 (m, 4H), 6.36 (dJ = 8.6 Hz, 4H);13C NMR (125 MHz,
CDCls) 0 141.59, 141.27, 140.61, 139.86, 131.12, 130.68, 130.39,

139.61, 134.90, 133.56, 133.48, 133.03, 129.94, 129.47, 129.03, 128.97129.88, 129.86, 127.99, 127.76, 127.54, 126.60, 121.34, 89.69; MS

128.79, 128.26, 128.05, 127.18; MS (FD, 8 kiijz (%) 286.5 (100)

[M*] (calcd for GoH140,, 286.10). Anal. Calcd for £H140.: C, 83.90;

H, 4.93; O, 11.18. Found: C, 83.95; H, 4.86.
2,5-(3,5-Diphenylphenyl)-3-phenyl-4-(3-biphenyl)cyclopentadi-

enone (36).To a refluxing solution 0f30 (1.50 g, 2.92 mmol) and

3-phenyl diphenyl diketorié (840.8 mg, 2.94 mmol) in 1,4-dioxane

(3 mL), a tetrabutylammonium hydroxide solution (0.8 M, 1.8 mL,

(FD, 8 kV) mVz (%) 482.1 (100) [M] (calcd for GgHae, 482.20);
1,2,3,4,5,6-Hexakis(4,122',1"terphen-1-yl)benzene (40)To a deoxy-
genated solution 039 (500 mg, 1.03 mmol) in 1,4-dioxane (100 mL),
dicobaltoctacarbonyl (118 mg, 0.35 mmol) was added under an argon
atmosphere and the resultant mixture refluxed for 14 h. After the solvent
was removed in vacuo, the obtained residue was purified by column
chromatography (petroleum ether/dichloromethane)) to a#6r(180

1.44 mmol) in methanol was added. The resulting mixture was heated mg, 36%) as colorless crystals: mp 335; *H NMR (500 MHz,
at reflux for 15 min under an argon atmosphere. The reaction mixture CDCL) 6 7.45-7.29 (m, 18H); 7.257.19 (m, 6H), 6.03 (tJ = 7.6
was poured into water and extracted with dichloromethane. The organic Hz, 12H), 6.85 (dJ = 7.9 Hz, 12H), 6.80 (t) = 7.3 Hz, 6H), 6.61 (d,

layer was washed with water, dried with Mg&$@nd concentrated under

J = 8.4 Hz, 12H), 6.50 (dJ = 8.4 Hz, 12H);3C NMR (125 MHz,

reduced pressure. The residue was purified by column chromatographyCDCls) 6 141.54, 140.64, 140.50, 140.09, 139.10, 138.20, 131.72,

(dichloromethane/petroleum ether) to aff@&@i(1.32 g, 59%) as purple
crystals: mp 148.4150.2°C; *H NMR (300 MHz, CDC}) ¢ 7.70 (t,
J= 1.6 Hz, 1H), 7.68 (tJ = 1.6 Hz, 1H), 7.56 (dJ = 1.6 Hz, 2H),
7.53 (d,J = 1.6 Hz, 2H), 7.56-7.43 (m, 8H), 7.4%+7.26 (m, 22H),
7.21-7.09 (m, 4H);*3C NMR (75 MHz, CDC}) 6 200.21, 155.15,

131.00, 130.90, 130.09, 128.44, 127.91, 127.59, 127.52, 126.63; MS

(FD, 8 kV) m/z (%) 1446.7 (100) [M] (calcd for GidHrs, 1446.6).

Anal. Calcd for GiH7s: C, 94.57; H, 5.43. Found: C, 94.40; H, 5.51.
PAH 5. To a mixture of copper(lh-trifluoromethanesulfonate (3.51

g, 9.70 mmol) and aluminum(lll) chloride (1.30 g, 9.71 mol) in carbon

154.92,141.51, 141.41, 141.20, 140.90, 140.49, 133.55, 133.49, 131.54disulfide (100 mL)40 (50 mg, 0.033 mmol) was added. After stirring
131.42,129.46, 128.75, 128.70, 128.67, 128.56, 128.47, 128.22, 128.03at room temperature for 14 days under an argon atmosphere, the
127.47,127.44,127.32, 127.17, 126.97, 125.47, 125.35, 125.30, 125.22resulting mixture was poured into methanol (50 mL). The precipitated

MS (FD, 8 kV)m/z (%) 763.6 (100) [MT] (calcd for GgHagO, 764.31).
Anal. Calcd for GoH4O: C, 92.64; H, 5.27; O, 2.09. Found: C, 91.84;
H, 5.76.
1,4-Bis(3,5-diphenylbenzene)2,5-Di(3-phenylbenzene) 3,6-Diphen-
ylbenzene (37a) and 1,4-Bis(3,5-diphenylbenzene3,5-Di(3-phen-
ylbenzene)-2,6-Diphenylbenzene (37b)A mixture of 34 (343.8 mg,
1.35 mmol) and36 (1.00 g, 1.31 mmol) in diphenyl ether (5 mL) was
heated at reflux fo2 h under an argon atmosphere. After cooling to

room temperature, ethanol (100 mL) was added to the reaction mixture.

The precipitated crystals were collected by filtration and purified by
recrystallization from dichloromethane/ethanol to aff@h and37b
(882.8 mg, 68%) as colorless crystals: mp 287288.4°C; *H NMR
(500 MHz, CDC}) 6 7.37-6.94 (m, 54H);)C NMR (125 MHz,
CDCl;) 6 141.42, 141.36, 141.33, 141.25, 141.13, 141.05, 140.82,

140.67, 140.64, 140.57, 140.54, 140.47, 140.42, 140.35, 140.23, 140.03,

crystals were collected by filtration and washed with 10%,8H
solution, 10% HCI solution, and water. After drying, the residue was
washed again with ethanol, carbon disulfide, and hot toluene. The
obtained black solid (42 mg, 91%) was dried in vacuo: A§00°C;

MS (MALDI-TOF) m/z (%) 1398.4 (100) [M] (calcd for GidHso,
1398.3). Anal. Calcd for GaHso: C, 97.84; H, 2.16. Found: C, 79.79;

H, 2.37.
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