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the sulfate solution into neat solvent and subtracting this data from
that of the host—guest titration. The data was analyzed and fit by the
Origin software (MicroCal).l'?!

[11] Close inspection of the multidimensional error hypersurface of the
NMR binding data in the reaction of 1 and sulfate ions revealed no
minimum that would justify accounting for a 1:2 host—guest com-
plex.ll Recalculation of the primary data with host dimerization and
1:1 host — guest complexation incorporated gave K, =680 m~!, which is
in reasonable agreement with the present determination conducted at
a slightly higher temperature.

[12] T. Wiseman, S. Williston, L.-N. Lin, Anal. Biochem. 1989, 179, 131 -
137.
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We recently described an efficient cycloaddition-cyclo-
dehydrogenation route to obtain very large polycyclic aro-
matic hydrocarbons (PAHs) such as 1a (C,,) and 2 (C;,).['!
Owing to the extremely low solubility of the parent com-
pounds, the soluble hexa-n-alkyl derivatives 1b were synthe-
sized in order to perform complete spectroscopic character-
ization of these compounds. Discotic meso phases with
stacked discs were thereby observed. Physisorption of 1b onto
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substrate surfaces gave rise to the formation of monomolec-
ular adsorbate layers, which were characterized by scanning
tunneling microscopy (STM).['-3

A comparable protocol is impossible with larger discs (e.g.
C,,, Cis, Co6, Cy3p) since the synthetic strategies are not readily
transferable to the respective n-alkyl derivatives. We describe
here the remarkable Cg hydrocarbon 3al*3 which, as a
homologue of 1a, is predicted to be the most thermodynami-
cally stable of the C,H,, PAH isomers.l] The synthesis of 3a
in gram or even decagram quantities is surprisingly straight-
forward. More importantly, however, soluble tetra- and
octa-n-alkyl derivatives (3b and 3¢, respectively) of this large
disk can be prepared, and the formation of monolayers from
solution is possible even with discs of that size. This could
prove to be a central step for the electronic characterization of
molecular graphite models.

Following the construction principle reported by our group
for larger PAHs, an oligophenyl precursor of 3 is available by
a twofold Diels— Alder reaction between butadiyne and
tetraphenylcyclopentadienone (4a, Scheme 1). The reaction

5

4a:R,R'=H
4h: R =H, R'=n-Cq2H2s
4c: R, R' = n-CqoHos

6aR,R'=H
6b:R=H,R'= n-C12H25
6¢: R, R' = n-CqoHos

8a:R, R =H
8h:R= H, R'= n-C12H25
8c:R,R'= n-C12H25

dore\\

7aaR,R =H
7b: R=H, R =n-C42H25
7c. R, R'= n-C12H25

3a-c¢
Scheme 1. a) 4a, 4b, or 4c¢ (1 equiv), 250°C, Ph,0, 3-6h, ca. 100%;
b) nBu,N*F~ (10 equiv), THF, 6a: 85%, 6b: 86 %, 6¢: 88 %; c) 4a, 4b, or
4c¢ (1.1equiv), 250°C, Ph,O, 3-6h, ca. 100%; d)Cu(OSO,CF;),
(60 equiv), AICI; (60 equiv), 25°C, CS,, 3a: >90%; e) FeCl;, CH;NO,,
CH,(Cl,, Ar, 15-30 min, 1a: >80%, 3b: 75%.

of 4a with a large excess of 1,4 bis(trimethylsilyl)butadiyne
(5)—both starting materials are commercially available—
resulted in the formation of 6a in nearly quantitative yield.
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Monoadduct 6a was desilylated with an excess of tetrabutyl-
ammonium fluoride to afford 7a (85 %), which subsequently
underwent another Diels — Alder reaction with 4a followed by
loss of the CO group to give 8a (99 % ). The tetra-n-dodecyl
(8b) and octa-n-dodecyl derivatives (8c¢) were prepared
analogously from 8a and the corresponding substituted
cyclopentadienones!” 4b and 4¢ (Scheme 1 and Table 1). All

Table 1. Selected spectroscopic datal® of 3a, 3¢, and 8a.

3a: MS (LD-TOF): m/z (% ): 746 (0.6), 745 (5), 744 (20), 743 (65), 742 (100)
[M*] (caled for CeHy: 746.0 (0.7), 745.18 (4.7), 744.17 (22), 743.17 (67),
742.17 (100)); UV/Vis (1,1,2,2-tetrachloroethane): 1,,,,=290, 425, 450
(shoulder), 550, 590 (shoulder)

3¢: MS (MALDI-TOF): m/z (%): 2095 (0.5), 2094 (2), 2093 (8), 2092 (22),
2091 (50), 2090 (88), 2089 (100), 2088 (55) [M*] (caled for CysgHy,: 2094.69
(0.5), 2093.69 (2.2), 2092.69 (7.6), 2091.68 (22.2), 2090.68 (51.1), 2089.68
(87.8), 2088.67 (100), 2087.67 (56.6)); 'H NMR (500 MHz, [D,]1,2-
dichlorobenzene, 170°C): 6 =9.84 (s, 2H), 9.55 (s, 2H), 9.42 (m., 10H),
4.44 (m,, 4H), 3.75 (m,, 12H), 2.73 (m,, 4 H), 2.57 (m,, 12 H), 2.12-1.10 (m,
168 H); UV/Vis (CHCL): Apay (£) =276 (50800), 290 (45600, shoulder), 410
(67700), 450 (28200, shoulder), 482 (12900), 510 (6700)

8a: MS (FD, 8kV): m/z (%): 762.1 (100) [M*] (calcd for CqH,,: 762.3);
BC NMR (125 MHz, [D,]1,1,2,2-tetrachloroethane, 140°C): 6 =142.28,
141.57,140.79, 140.42, 140.16, 140.03, 139.74, 139.17, 132.88, 131.77, 130.12,
127.44, 126.77, 126.52, 126.08, 125.61, 125.46, 125.19

[a] All LD-TOF and MALDI-TOF mass spectra were calibrated with
samples of Cq and C, fullerenes. The matrix for the MALDI-TOF
measurements was 9-nitroanthracene. FD = field desorption, MALDI =
matrix-assisted laser desorption/ionization.

oligophenyls 8 are readily soluble in organic solvents. The
crystal structure of 8a (Figure 1) clearly shows that the phenyl
substituents are strongly twisted with respect to the central
biphenyl unit (twisting angle = 61°). Furthermore, the outer
phenyl rings are in close proximity, which is necessary for the
cyclodehydrogenation leading to the planar structure 3a.l®!

Figure 1. Crystal structure of 8a.

The cyclodehydrogenation of 8a with copper(r) trifluoro-
methanesulfonate and aluminum(iin) chloride in carbon
disulfide proceeded smoothly and led to 3a (>90%). High-
resolution laser desorption time-of-flight mass spectrometry
(LD-TOF) of 3a (m/z =742, see Table 1 for isotope distribu-
tion) was performed and proved the loss of exactly 20
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hydrogen atoms. Similar to other large PAHSs, the crude
burgundy sample of 3a does not yield a defined X-ray powder
diffractogram, which suggests the amorphous character of the
solid. Quick sublimation of the crude product under ultrahigh
vacuum at 680 °C yielded pure 3a as a light orange powder!
which was sufficiently soluble in 1,1,2,2-tetrachloroethane,
and a UV/Vis spectrum was obtained (Table 1).

Mass spectrometric studies of 3a at higher laser intensities
revealed a fragment ion of the formula C5,H3, with a relative
intensity (based on [3a]t) of up to 45%. The fact that no
charged C, or C; fragments could be observed suggests that
3aor[3a]* photodegraded to Cs,H3, and neutral fragments.[']

Attempts to perform the analogous cyclodehydrogenation
of 8b resulted in unidentified product mixtures because of the
inherently high acidity of the reaction mixture. The use of
iron(r)) chloride allowed the cyclodehydrogenation to occur
under significantly milder conditions and without side reac-
tions (such as alkyl group migrations or chlorinations).
Hydrogen chloride was continuously removed from the
reaction mixture by a steady flow of argon. Under these
conditions, 3b was obtained from 8b in 75 % yield. The high-
resolution mass spectrum of 3b is shown in Figure 2.

experiment

simulation
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Figure 2. MALDI-TOF mass spectrum of 3b (molecular-ion area). The
insert compares the experimental and the calculated M signal of 3b.

To further enhance the solubility of 3, it was intended to
synthesize the octa-n-alkyl compound 3e¢. However, the
method successful for the synthesis of 3b yielded only
partially cyclodehydrogenated as well as partially cyclized,
chlorinated products rather than 3ecl''l To our surprise,
experiments to dehalogenate the product mixture with
potassium in tetrahydrofuran led to completely cyclized
octa-n-alkyl Cq, compound 3¢ (60% ). UV/Vis, mass, and 'H
NMR spectra were obtained for the highly soluble 3c
(Table 1, Figure3a,b). The spatially most confined aryl
protons (H,) in the bay region show a singlet at 6 =9, and
the H,, protons show a singlet at 6 =9.55. The broadening of
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Figure 3. a) UV/Vis spectrum of a solution (1.4 x 10~>m) of 3¢ in chloro-
form. b) 'H NMR spectrum of 3¢ (2mg) in [D4]1,2-dichlorobenzene
(1.5mL) at 170°C.

the signal presumably arises from aggregates of the large
molecular discs that may exist even at the high temperatures
used to record the spectrum. This clearly demonstrates that
the characterization of very large PAHs (size in the nano-
meter range) reaches the limits of the standard methods in
organic chemistry.

As a result of the improved solubility of 3b and 3¢, it was
possible for the first time to prepare highly ordered mono-
layers (2D crystal) of PAHs larger than 1. Figures 4a and 5a
show STM images of monolayers from 3b and 3¢ which were
obtained in situ at the interface between solutions in 1,2,4-
trichlorobenzene and the basal surface of graphite. The
positions of the aromatic discs correspond to areas of high
tunneling currents.'> 3 The alkyl chains could not be
resolved, which is an indication of high conformational
mobility of the side chains at room temperature. Both 3b
and 3¢ show a double-row structure; however, the orientation
of the discs of 3b alternates from row to row (fishbone
pattern), whereas the orientation of 3¢ is maintained within
the rows and only the distances between them alternate.['¥
The parameters of the unit cell of 3bl"®! correspond to a
surface area which is in close agreement to the value
calculated from the van der Waals circumference of two flat
molecules per unit cell. In contrast, the experimentally
determined value for the surface area of 3¢ is larger than
that theoretically calculated, which means that the molecular
packing also contains free surface areas. Figures 4b and 5b
illustrate packing models, for which only one of the many
comparable conformations for the alkyl chains is shown.
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Figure 4. STM image (a) and model (b) of 3b on the basal surface of
graphite.

It is remarkable that the submolecularly resolved pictures
of 3¢ show three similarly directed strips with a distance of
0.4+0.02 nm over each molecule. The latter do not result
from the graphite lattice of the support layer since they are
seen only over the aromatic discs and not in the entire picture.
Furthermore, the distance of 0.246 nm!'*! between equivalent
graphite atoms is significantly lower than the distance
between the individual strips. This value, however, is in good
agreement with the distance between the benzene subunits of
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a)

b)

Figure 5. STM image (a) and model (b) of 3¢ on the basal surface of
graphite.

the aromatic discs (0.38 nm). In addition, this distance also
occurs in the pattern of the electronic state density of the
frontier orbitals of the free molecules, which are believed to
create the contrast between molecular adsorbates on graph-
ite.l'> 17 Therefore, one can assign the submolecular contrast
to the local electronic state densities of the conjugated
systems. Based upon this, it is possible to determine the
orientation of the aromatic discs on the substrate.

To date, it is unclear whether a transition to a graphite-like
electronic behavior can be observed with increasing size of the
PAH discs.
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