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Directed multiple functionalization of tetrabenzo[5.5.5.5]-
fenestranes (fenestrindanes) at the molecular arene peri-
phery has been achieved for the first time, starting from the
fourfold bridgehead-methylated congener 2. In particular,
2,3,6,7,10,11,14,15-octabromofenestrindane 3) and
2,3,6,7,10,11,14,15-octaiodofenestrindane (7) have been syn-
thesized as key intermediates in excellent yields. Further
eightfold functionalized analogs, such as the corresponding
octa(n-butyl) thioether 5 and the octacyanofenestrindane 8,
are now accessible as well as other fenestrane hydrocarbons

with an extended carbon framework, including the octakis-
(phenylethynyl) and the octaphenyl derivatives 6 and 9, re-
spectively. The S;-symmetrical conformation of these fenes-
tranes is evident from their 'H and *C NMR spectra. It is
suggested that, owing to their uniquely curved convex/con-
cave molecular shape, fenestrindanes with eightfold peri-
pheral functionalization could serve as unusual motifs for li-
quid crystal engineering and dendrimer chemistry, and for
the construction of graphite cuttings bearing a saddle-like,
three-dimensionally distorted core.

Introduction

The  unusual  centrotetracyclic ~ framework  of
fenestranes!! ~31 has interested chemists mainly due to the
strain and geometry of the tetracoordinate (carbon) atom
at the central bridgehead position. This motif is now of
interest not only in organic but also in metalorganictl and
inorganic chemistry,’] and inspiration from theoretical
chemistry may lead to further developments in the organic
chemistry of flattened or planar tetracoordinate carbon.[®]
However, the synthetic utility of fenestranes as building
blocks in organic chemistry has not been exploited to any
great extent,[’l and only the facile access to benzoannelated
derivatives of [5.5.5.5]- and [5.5.5.6]fenestranes has opened
promising routes to extended molecular frameworks bear-
ing the three-dimensional fenestrane core.>#~1% In a sim-
ilar way to related aromatic hydrocarbons of the centropo-
lyindane family,!'®! and in particular the tribenzotriquinac-
enes,[!12] the prototype of the benzoannelated fenestranes,
fenestrindane 1,13 offers two different possibilities for the
creation of novel molecular architectures: (i) Bridgehead
functionalization, e.g. 1a,['¥ and (ii) directed functionaliz-
ation at the aromatic rings, e.g. 1b (Scheme 1). Besides a
recent note on metal-carbonyl-mediated nucleophilic substi-
tution of 1,' the latter approach is reported here for the
first time.

Recent investigations on the functionalization of triben-
zotriquinacenes at the aromatic rings have revealed that ex-
haustive introduction of substituents at the six peripheral
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1a

Scheme 1. Fenestrindane (a/l-cis-tetrabenzo[5.5.5.5]fenestrane) 1
and its bridgehead-tetrasubstituted and peripherally octasubsti-
tuted derivatives (1a and 1b, respectively)

arene positions can be achieved with high regioselectivity
and efficiency."?! The inner (ortho) positions were found to
be inert in almost all cases studied to date.['>1% This offers
a variety of transformations for the construction of convex/
concave molecules bearing both the curvature induced by
the five-membered rings and the planar elements of the
condensed aromatic nuclei.l'”? In contrast to this bowl-
shaped architecture, saddle-type molecular frameworks
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should become accessible by introducing eight functional
groups at the peripheral positions of fenestrindane, as
shown in 1b, and extending the highly symmetrical skeleton
by appropriate C—C coupling, e.g. further benzoannelation
reactions.!81 This approach would add a promising variant
to the corresponding contrasting cases within the [r]circu-
lene family, viz. to the bowl-shaped corannulene!'®~2!l and
the saddle-shaped pleiadannulene.?>?31 A hypothetical
saddle-like distorted graphite cutting fused around a fenes-
trindane core is illustrated schematically in Figure 1.[13-24]

Figure 1. Schematic representation of a hypothetical saddle-type
graphite cutting bearing a fenestrindane embedded into closed po-
lycondensed arene framework, top view (left) and side view (right)

Results and Discussion

In this work, we present the results of our study on the
exhaustive functionalization of the eight peripheral arene
positions of fenestrindane.[>>] We expect that the results pre-
sented here will give impetus to further investigations into
the development of fenestrane chemistry in the context of
other fields of contemporary organic chemistry. Our investi-
gations represent model studies based on 4b,8b,12b,16b-
tetramethylfenestrindane (2),'44 a derivative of 1 that is ad-
vantageous because of its inertness at the otherwise very
reactive benzhydrylic bridgehead positions. In a similar way
to the corresponding tetramethyltribenzotriqunacene used
in a previous study, we expected the ortho positions of 2 to
be protected by steric shielding in the four three-dimen-
sional bay regions of the diindane units within the tetra-
benzo[5.5.5.5]fenestrane skeleton.['3!

When a solution of tetramethylfenestrindane 2 in tetra-
chloromethane was treated with ca. 10 equiv. of bromine in
the presence of catalytic amounts of iron and iodine,? the
2,3,6,7,10,11,14,15-octabromo derivative 3 was formed and
isolated in excellent yield (Scheme 2). This result confirmed
our expectation that steric hindrance of the ortho positions
of the fenestrindane framework would operate against elec-
trophilic attack at the inner positions and restrict the substi-
tution reaction to the eight peripheral positions of 2. The
identity and purity of 3 was determined unequivocally by
mass spectrometry and NMR spectroscopy. A particularly
noteworthy feature of the fenestrindanes bearing four
methyl groups at the benzhydrylic bridgeheads is the fact
that the eight ortho protons generate two clearly separated
singlets (6 = 7.31 and & = 7.60). This reflects our previous
finding that the molecular framework of the fenestrindanes
adopts two equivalent, distorted conformations of S sym-
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metry rather than a single D,4-symmetrical one.[>14a.14¢.27]

Accordingly, the '3C NMR spectrum of 3 exhibits three
pairs of resonances for the formally equivalent carbons at
the indane junctions, those at the ortho positions and those
at the molecular periphery.

Scheme 2. a) Br,, Fe (cat.), I5(cat.), CCly, 60 °C, 24 h, yield 90%;
b) AlMes;, PdCl,, PhsP, THF, 70 °C, 20 h, yield 97%; c) CuSnBu,
pyridine, quinoline, 170 °C, 24 h, yield 75%; d) phenylacetylene,
NEts, (Ph;P),PdCl,, Cul, Ph;P, 120 °C, 48 h, yield 35%

Octabromofenestrindane 3 provides the basis for the syn-
thesis of a series of novel eightfold functionalized derivates
and [5.5.5.5]fenestranes with extended carbon frameworks
(Scheme 2). As a striking example, dodecamethylfenestrind-
ane 4 can be easily prepared in nearly quantitative yield by
treating 3 with trimethylaluminum in toluene in the pres-
ence of palladium(0).?8] This eightfold Pd(0)-catalyzed
methyl substitution of 3 represents a particularly interesting
case since only a few examples have been described for the
direct conversion of ortho-dihaloarenes into the corres-
ponding ortho-dialkyarenes.*”) Functionalization of the
eight benzylic methyl groups should open synthetic routes
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to a number of highly interesting fenestrane derivatives and
extended polycyclic frameworks bearing a [5.5.5.5]fenes-
trane core.

As another example, fenestrindanes bearing eight al-
kylthio groups at the peripheral positions, such as the oc-
ta(n-butyl) thioether 5, can be synthesized in good yield by
reacting 3 with copper(I) n-alkylmercaptides.”®! Fenestrane
5 was obtained in 75% yield after chromatographic purifica-
tion as a colorless, glassy material that, as one would expect
given the presence of the eight long thioether tentacula, was
found to be highly soluble in organic solvents.

Dodecamethylfenestrindane 4 was obtained in high pur-
ity and products of the sevenfold substitution reaction or
partial reduction were scarcely detectable by mass spectro-
metry. In the case of 5, however, direct electron ionization
(DEI) mass spectrometry revealed the presence of minor
amounts (estimated <5%) of the related hepta(n-butyl)
thioether 10, which proved impossible to separate. Partial
reduction is known to accompany multiple coupling reac-
tions of polyhaloarenes (see below).

However, 'H NMR spectroscopy again revealed the ap-
parently static conformation of the fenestrane framework
of 4 and 5. In the former case, the skeletal torsion gives rise
to two separate singlets for the eight benzylic methyl groups
at 0 = 2.30 and 2.21. The effect of the apparently static Sy-
conformation of 4 and 5 is even more pronounced in the
13C NMR spectra, which exhibit two sets of signals for the
quaternary and tertiary arene carbon atoms and all of the
methylene carbons of 5. However, the effect is very small
for the methyl groups of 4 (signals at 3 = 19.9 and 20.1).

Another approach along these lines became viable by re-
acting octabromofenestrindane 3 with phenylacetylene un-
der Heck conditions.[3%3!1 Recently, a similar sixfold reac-
tion was carried out successfully starting from a hexabrom-
otribenzotriquinacene.!'?) On using the same conditions, the
reaction of 3 furnished octa(phenylethynyl)fenestrindane 6
as a yellow, amorphous solid in moderate yield (35%). In
contrast to the derivatives described above, EI or DEI mass
spectrometry proved unsuccessful but matrix-assisted laser
desorption ionization (MALDI) mass spectrometry gave
the expected peak clusters centered around m/z = 1225.5
(M + H]*) and m/z = 12104 (M + H — CH;]"". 'H and
13C NMR spectroscopy also confirmed the identity of this
fenestrane-based octatolane, again reflecting the apparently
static Sy-symmetrical conformation of the fenestrane core.
In a similar way to the thioether 5, the presence of the cor-
responding hepta(phenylethynyl)fenestrindane 11, formed
in minor amounts (< 5%) as a product of partial protiode-
palladation of an (aryl)palladium intermediate,[*>331 was
detected by mass spectrometry. This contamination could
not be removed either by chromatography or by recrystal-
lization. Despite this limitation, eightfold C—C coupling at
the periphery of fenestrindanes may nevertheless add new
perspectives to the growing fields of tolane-based liquid
crystals and dendritic structures.3*331 The three-dimen-
sional shape of octatolane 6 is illustrated in Figure 2.
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Figure 2. Molecular shape of octa(phenylethynyl)fenestrindane 6
[by force-field (MM +) calculations]; top view along the fenestrane
axis showing two interacting methyl groups in the center (left), and
side view showing the saddle with two methyl groups above and
another one below (right)

In analogy to bromination, iodination of 2 using potas-
sium iodide and periodic acid®*® gave octaiodofenestrind-
ane 7 in surprisingly good yield (Scheme 3). The solubility
of the compound is extremely poor and the 'H NMR spec-
troscopic characterization of 7 was only possible in
[Dg]DMSO.B1 13C NMR spectroscopy in solution was im-
possible and EI or DEI mass spectrometry were also ex-
cluded because of the low volatility of 7. However, positive
atmospheric pressure chemical ionization (APCI+) mass
spectrometry furnished the quasimolecular ion (M + H]")
peak at m/z = 1432 together with the [M + H — CH;]*™
peak at m/z = 1417. Only traces of the heptaiodo analog
were detected with this technique. As occurred with octa-
bromofenestrindane 3, octaiodofenestrindane 7 tends to in-
corporate solvent molecules. Thus, combustion analysis in-
dicated the presence of one mol of water and also some
elemental iodine, which again proved extremely difficult to
remove. However, octaiodofenestrindane 7 represents an-
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other useful key compound for the synthesis of unusual fen-
estranes with an extended carbon framework (Scheme 3).

Scheme 3. a) KI, H5IOg, conc. H,SO4, 0 — 20 °C,12 h, yield 87%;
b) CuCN, pyridine, 115 °C, 20 h, yield 41%; c¢) PhB(OH),,
[Pd(dba),], KOH, PPh;,PhNO,/H,0, 100 °C, 24h, yield 29%

Reaction of 7 with copper(I) cyanidel*® gave the fenes-
trindane-2,3,6,7,10,11,14,15-octacarbonitrile 8 in 41%
yield. Despite its extremely low solubility in common or-
ganic solvents, the identity of the compound was docu-
mented unequivocally by NMR spectrometry in [Dg]THF.
Again, two singlets in the '"H NMR spectrum at & = 8.05
and 8.40 reflect two sets of ortho protons and thus the ap-
parently static conformation of 8. Likewise, the '*C NMR
spectrum exhibits two resonances for two sets of cyano
groups at 6 = 150.1 and 155.5, as well as two sets of arene
resonances. As an alternative to fenestrindane 4 bearing
four ortho-xylene units at the fenestrane core, the octacar-
bonitrile 8 may provide an independent access to various
eightfold C,-functionalized fenestrindanes.

Finally, the octaiodofenestrane 7 was also used to per-
form an eightfold phenylation of the fenestrindane frame-
work under Suzuki conditions.*®! Recently, a similar sixfold
transformation of a corresponding hexiodotribenzotriquin-
acene was carried out with high efficiency.l'3! In fact, Pd(0)-
catalyzed reaction of 7 with phenylboronic acid affords
multiple C—C bond formation that leads to the octaphenyl
derivative 9, but yields are only moderate in this case
(Scheme 3). In comparison to 8, both the solubility and vol-
atility of 9 are increased owing to the absence of polar
groups at the molecular periphery, and complete spectro-
scopic characterization was achieved. In particular, the 'H
NMR spectrum again reflects the apparently static Sy-sym-
metrical conformation of 9. The DEI mass spectrum of 9
also confirms its identity, showing the molecular ion peak
at m/z = 1032 and the [M — CH;]" peak at m/z = 1017.
However, limitations of the synthetic approach also became
evident since DEI mass spectrometry revealed the presence
of minor amounts of the corresponding heptaphenylfenes-
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trindane 12 as a by-product. Thus, in a similar way to the
ethynylation of 3 to 6 under Heck conditions, partial proti-
odepalladation competes with multiple C—C bond forma-
tion. Another limitation encountered here arose when sev-
eral attempts to perform a fourfold photocyclodehydro-
genation of 9 to give the hypothetical tetra(triphenyleno)|[5.-
5.5.5]fenestrane 13 turned out to be unsuccessful.

10 R =8"Bu

11 R =CCPh

12 R =Ph 13
Conclusion

The results presented here demonstrate for the first time
that fenestrindanes are suitable building blocks for the con-
struction of novel extended molecular frameworks bearing
the [5.5.5.5]fenestrane core. Besides the previously demon-
strated!"™! variability of the bridgehead chemistry of fenes-
trindane 1, this particular centropolyindane may develop
a rich chemistry by functionalization and extension of the
molecular periphery. Thus, dendrimers, liquid crystals and
polycondensed ring systems with saddle-like molecular
structures may become available in this way. Experimental
restrictions, which are clearly due to the low solubility of
some of the octafunctionalized fenestrindanes, appear to be
a more important parameter than with the related tribenzo-
triquinacenes studied recently,!'3] but the problems may be
overcome by introducing lyophilizing substituents, particu-
larly at the bridgehead positions of 1 and/or along with the
synthons to be attached at the arene periphery. Investi-
gations towards these aims are underway.

Experimental Section

General: Melting points were determined using an Electrothermal
Melting Point Apparatus and were not corrected. — Infrared spec-
tra were recorded on a Perkin—Elmer 841 spectrophotometer. —
The '"H NMR spectra were recorded on Bruker AM 250 (250 MHz)
and Bruker DRX 500 (500 MHz) spectrometers. The '*C NMR
measurements were obtained using the same instruments at 62.9
and 125.8 MHz, respectively, using broad-band decoupling, with J-
modulated spinecho and DEPT techniques. Spectra measured at
62.9 MHz refer to tetramethylsilane (TMS), while those measured
at 125.8 MHz refer to the solvent as a standard resonance. — Elec-
tron ionization (EI) mass spectra and exact mass measurements
were obtained using a Fisons Autospec double focusing instrument
at 70 eV electron energy. The peak intensities are given relative to

Eur. J. Org. Chem. 2001, 1483—1489



Chemistry of [5.5.5.5]Fenestranes

FULL PAPER

the base peak. — UV/Vis spectra were recorded on Beckman model
25 and Perkin—Elmer Lambda 40 spectrophometers. — Combus-
tion analyses were performed on a Perkin—Elmer model 240 ele-
mental analyzer. — Column chromatography was performed using
silica gel (0.063—0.200 mm); solvents were distilled before use. Thin
layer chromatography (TLC): Aluminum foil, Kieselgel 60 F,s4
(Merck); detection: MinUVis (Desaga). Compositions of solvents
are given as ratios of volumes.

2,3,6,7,10,11,14,15-Octabromo-4b,8b,12b,16b-tetramethyl-
4ba,8bp,12ba,16bp-tetrahydrodibenzo|a,.fldibenzo[2,3:4,5|pentaleno-
[1,6-cd]pentalene 2,3,6,7,10,11,14,15-Octabromo-4b,8b,12b,16b-
tetramethylfenestrindane, 3): Iron powder (30 mg) and several crys-
tals of iodine were added to a stirred solution of tetramethylfenes-
trindane 2 (200 mg, 471 umol) in 50 mL of tetrachloromethane at
60 °C. Subsequently, a solution of bromine (213 pL, 4.15 mmol) in
25 mL of the same solvent was added dropwise and the mixture
was stirred for 24 h at the same temperature. The suspension
formed was completely dissolved in trichloromethane and the solu-
tion was washed with water and dried with sodium sulfate. Filtra-
tion and removal of the solvent under reduced pressure gave a res-
idue, which was recrystallized from tetrahydrofuran, yielding octa-
bromofenestrinane 3 (450 mg, 90%) as a colorless, amorphous
solid, m.p. >360 °C. — IR (KBr): v = 3001 cm™!, 2973, 2941,
2928, 1449, 1377, 1371, 1350, 1282, 1235, 1213, 1102, 1072, 1057,
1040, 984, 888, 858, 817, 790, 737. — 'H NMR (500 MHz,
C,D,Cly): & = 7.60 (s, 4 H, H), 7.31 (s, 4 H, H""), 1.15 (s, 12
H, CH;). — 3C NMR (125 MHz, C,D,Cly): § = 151.1, 146.1 (C),
129.1, 127.0 (CH), 124.7, 124.3 (C), 77.5 (C), 58.3 (C), 27.9 (CHy).
— MS (EL 70 eV); m/z (%): 1056 (13) [M "], 1041 (58), 976 (11),
961 (47), 898 (3), 883 (16), 803 (6), 80 (100). — C33H,oBrg*CH,Cl,
H,O (1158.7): caled. C 35.24, H 2.09; found C 35.28, H 1.96.

2,3,4b,6,7,8b,10,11,12b,14,15,16b-Dodecamethyl-4ba,8bf,12ba, 16b--
tetrahydrodibenzo|a,f]dibenzo|2,3:4,5]pentaleno|1,6-cd]pentalene
(2,3,4b,6,7,8b,10,11,12b,14,15,16b-Dodecamethylfenestrindane, 4):
A mixture of octabromofenestrindane 3 (200 mg, 189 pmol), palla-
dium(II) chloride (13 mg, 74 pmol) and triphenylphosphane
(40 mg, 152 pmol) in 20 mL of anhydrous tetrahydrofuran was
stirred under argon at 50 °C for 30 min. Trimethylaluminum (291
puL, 219 mg, 3.03 mmol) was added and the mixture was heated
under reflux for 20 h. The mixture was allowed to cool, diluted by
the cautious addition of THF and hydrochloric acid (10%) and
then extracted with trichloromethane. The combined organic ex-
tracts were dried with sodium sulfate and the solvent was removed
under reduced pressure to leave a crude material, which was recrys-
tallized from dichloromethane to give dodecamethylfenestrindane
4 (98 mg, 97%) as a colorless, amorphous solid, m.p. >360 °C. —
IR (KBr): ¥ = 3004 cm ™!, 2969, 2932, 2873, 1482, 1449, 1311, 991,
883, 872. — '"H NMR (500 MHz, CDCl5): § = 7.21 (s, 4 H, H"""),
6.96 (s, 4 H, H""), 2.30 (s, 12 H), 2.21 (s, 12 H, arene-CH3), 1.23
(s, 12 H, bridgehead-CH;). — '*C NMR (125 MHz, CDCl;): § =
149.7, 144.6, 135.6, 134.9 (C), 124.7, 122.7 (CH), 89.2 (C), 58.4 (C),
28.5,20.1, 19.9 (CH3). — MS (EIL, 70 eV); m/z (%): 537 (9) [M "1,
521 (100), 507 (20), 491 (4), 476 (3), 461 (2), 268 (5), 261 (6), 253
(23). — HRMS: calcd. for C41Hyy 536.3443; found 536.3443.

2,3,6,7,10,11,14,15-Octa(n-butylthio)-4b,8b,12b,16b-tetramethyl-
4bo.,8bp,12ba,16bp-tetrahydrodibenzo|a,f]dibenzo|2,3:4,5|pentaleno-
[1,6-cd]pentalene [2,3,6,7,10,11,14,15-Octa(n-butylthio)-4b,8b,12b,16b-
tetramethylfenestrindane, 5]: To a suspension of octabromofenes-
trindane 3 (150 mg, 142 pmol) in 3.70 mL of quinoline and 1.19 mL
of pyridine was added copper n-butylmercaptide (191 mg,
1.25 mmol). The mixture was stirred and heated at 170 °C for 24 h.
After cooling to room temperature, the deep brown solution was
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poured into a mixture of 100 g of ice and 30 mL of conc. hydro-
chloric acid. This mixture was extracted with diethyl ether and the
combined extracts were washed with hydrochloric acid (10%),
water, conc. aqueous ammonia and again with water. After drying
with sodium sulfate, the solvents were removed under reduced pres-
sure and the residual brown oil was purified by column chromato-
graphy (silica gel, CHCls/hexane 1:1) to give octa(n-butylthio)fene-
strindane 5 (120 mg, 75%) as a colorless, glassy oil; Ry (CHCIs/
hexane 1:1) = 0.63. — IR (KBr): v = 3000 cm ™!, 2959, 2874, 1459,
1378, 1368, 1277, 1073. — 'H NMR (500 MHz, CDCl,): § = 7.33
(s, 4 H, Ho""), 7.02 (s, 4 H, H"), 2.95 (m, 8 H, 3J = 7.1 Hz),
2.87 (m, 8 H, 3J = 9.7 Hz), 1.66 (m, 8 H), 1.61 (m, 8 H), 1.46 (m,
16 H), 1.22 (s, 12 H, bridgehead-CH3), 0.90 (dt, 24 H, ©-CH3). —
13C NMR (125 MHz, CDCly): § = 149.3, 144.8, 137.2, 135.7 (C),
124.8, 121.9 (CH), 89.1 (C), 58.5 (C), 33.4, 33.0 (CH,), 30.9, 30.7
(CH,), 28.0 (CH3), 22.05, 21.98 (CH,), 13.7 (CH3). — MS (DEI,
70 eV); miz (%): 1129 (67) [M*7], 1114 (24), 1074 (33), 1059 (12),
1020 (10), 986 (7), 971 (5), 564 (8) [M2"], 537 (3), 56 (100). —
HRMS: caled. for CgsHogoSg 1128.4965; found 1128.4955.

4b,8b,12b,16b-Tetramethyl-2,3,6,7,10,11,14,15-octa(phenylethynyl)-
4ba,8bp,12ba,16bp-tetrahydrodibenzo|a,f]dibenzo|2,3:4,5|pentaleno-
[1,6-cd]pentalene [4b,8b,12b,16b-Tetramethyl-2,3,6,7,10,11,14,15-oc-
ta(phenylethynyl)fenestrindane, 6]: A mixture of octabromotetrame-
thylfenestrindane 3 (200 mg, 189 pumol), bis(triphenylphosphane)-
palladium(II) chloride (36 mg, 50.6 pumol), phenylacetylene (499
pL, 4.55 mmol), copper(1l) iodide (36 mg, 189 umol) and triphenyl-
phosphane (72 mg, 274 umol) in 20 mL of triethylamine was heated
under argon at 120 °C for 48 h. The mixture was allowed to cool
and then poured into ice-cold hydrochloric acid (10%) and ex-
tracted with dichloromethane. The combined extracts were dried
with magnesium sulfate and the solvent was removed under re-
duced pressure. The residue was purified by column chromato-
graphy (silica gel, CHCls/hexane 1:2) to give octatolane 6 (81 mg,
35%) as a slightly yellow, amorphous solid, m.p. >360 °C, R;
(CHCls/hexane 1:2) = 0.16. — IR (KBr): v = 2999 cm~!, 1597,
1492, 1472, 1442, 1068, 1000, 993, 895, 749, 687. — 'H NMR
(500 MHz, CDCl,): § = 7.74 (s, 4 H, H°""), 7.59 (m, 16 H), 7.47
(s, 4 H, Ho"), 7.34 (m, 24 H), 1.37 (s, 12 H, CH;). — 3C NMR
(125 MHz, CDCl;): 6 = 151.2, 1459 (C), 131.7, 128.41, 128.37,
127.4 (CH), 125.9, 125.4, 125.1, 123.3, 123.2 (C), 93.8, 93.6, 88.6,
88.4 (C), 58.9 (C), 27.8 (CH3); the resonance of the central C atom
was not observed. — MS (MALDI, DHB matrix with Ag* and
vasopressin added); m/z (%): 1225.5 (11) [M + H]*-, 1210 (100);
peaks for 10: m/z (%0): 1125.4 (6) [M + H] ™", 1110.4 (33). — HRMS:
calcd. for Co;Hgo 1224.4695; found 1224.4921. — UV/Vis (CH,Cl,,
¢ =1.63 X 107 mol L™"): A (Ig &) = 280 (5.32), 287 (5.43),
310 (5.06), 325 (4.97), 3.43 (4.51) nm.

2,3,6,7,10,11,14,15-Octaiodo-4b,8b,12b,16b-tetramethyl-4ba,8b,
12ba,16bp-tetrahydrodibenzo|a,f]dibenzo|2,3:4,5]|pentaleno|1,6-cd]-
pentalene (2,3,6,7,10,11,14,15-Octaiodo-4b,8b,12b,16b-tetramethyl-
fenestrindane, 7): Periodic acid (859 mg, 3.77 mmol) was dissolved
under cooling in an ice/water bath in 40 mL of conc. sulfuric acid.
Potassium iodide (1.88 g, 11.3 mmol) was added in small portions
followed by tetramethylfenestrindane 2 (200 mg, 471 pmol). The
mixture was allowed to warm up to ambient temperature and
stirred for 12 h. The deep violet mixture was poured into ice and
the liquid component was removed under reduced pressure. The
residual brown solid was repeatedly boiled with methanol (20 mL
each) and separated by filtration to give octaiodofenestrindane 7
(588 mg, 87%) as a slightly rose-colored, amorphous solid, m.p.
>360 °C. — IR (KBr): v = 3003 cm ™!, 2968, 1445, 1377, 1369,
1333, 1274, 1083, 1034, 983, 834. — 'H NMR (500 MHz,
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[Dg]DMSO): § = 8.25 (s, 4 H, H"), 7.81 (s, 4 H, H*""), 1.12 (s,
12 H, CHs); a '3C NMR spectrum could not been measured due
to the extremely poor solubility of 7. — MS (APCI+); m/z (%):
1432.1 (32) [M + H]*, 1416.8 (23) [M + H — CH;]""; the com-
pound tends to enclose additional iodine. — C33Hyolg 0.5 1,-H,O
(1576.68): calcd. C 25.14, H 1.41; found C 25.05, H 1.57.

2,3,6,7,10,11,14,15-Octacyano-4b,8b,12b,16b-tetramethyl-4ba,8bp,
12ba,16bp-tetrahydrodibenzo|a,fldibenzo|2,3:4,5]|pentaleno[1,6-cd]-
pentalene  (2,3,6,7,10,11,14,15-Octacyano-4b,8b,12b,16b-tetramethyl-
fenestrindane, 8): Octaiodofenestrindane 7 (250 mg, 175 umol) and
copper(I) cyanide (1.38 g, 15.4 mmol) were mixed with 100 mL of pyr-
idine and the mixture was heated at 115 °C for 20 h. The reaction
mixture was allowed to cool and poured into conc. aqueous ammonia.
Extraction with ethyl acetate, drying of the combined extracts with
sodium sulfate and removal of the solvent under reduced pressure
gave a crude product, which was purified by column chromatography
(silica gel, CHCI/EtOAc 2:1) to give octacyanofenestrindane 8
(45 mg, 41%) as a colorless, amorphous solid; m.p. >360 °C; R
(CHCIy/EtOAc 2:1) = 0.67. — IR (KBr): v = 2920 cm ™!, 2852, 2238,
1701, 1449, 1376, 1120, 1082, 665. — '"H NMR (500 MHz, [Dg]THF):
5 = 8.40 (s, 4 H, Ho"), 8.05 (s, 4 H, H”), 1.40 (s, 12 H, CH;). —
13C NMR (125 MHz, [Dg]THF): § = 155.5, 150.1 (C), 131.6, 128.5
(CH), 117.6, 117.3, 116.2, 116.0 (C), 60.9 (C), 27.7 (C); the signal for
the central C atom was not observed. — MS (DEIL, 70 eV); m/z (%):
609 (40) [M — CH;]", 294 (10). — HRMS: caled. for Cy4oH;7Ng
([C41HxNg — CH3]") 609.1576; found 609.1587. The compound
tends to include solvent molecules.

4b,8b,12b,16b-Tetramethyl-2,3,6,7,10,11,14,15-octaphenyl-
4bo.,8bp,12ba,16bp-tetrahydrodibenzo|a,f]dibenzo|2,3:4,5]pentaleno-
[1,6-cd]pentalene (4b,8b,12b,16b-Tetramethyl-2,3,6,7,10,11,14,15-octa-
phenylfenestrindane, 9): Octaiodotetramethylfenestrindane 7 (100 mg,
69.8 umol), phenylboronic acid (409 mg, 3.35 mmol), bis(dibenzylid-
enacetone)palladium (10 mg, 16.8 pmol), potassium hydroxide
(768 mg, 13.7 mmol) and triphenylphosphane (103 mg, 391 pmol)
were suspended in nitrobenzene (20 mL) and water (6 mL) and the
mixture was heated under argon to 100 °C for 24 h. The reaction
mixture was allowed to cool, diluted with 250 mL of diethyl ether
and washed twice with 100 mL of 2 M aqueous potassium hydroxide,
hydrochloric acid (10%) and water. The organic solution was dried
with sodium sulfate and the solvent was removed under reduced pres-
sure to give a residue, which was purified by column chromatography
(silica gel, CHCly/hexane 1:2). Octaphenylfenestrindane 9 (21 mg,
29%) was obtained as a colorless, amorphous solid; Ry (CHCls/hexane
1:2) = 0.35; m.p. >360 °C. — IR (KBr): ¥ = 3062 cm™!, 3028, 2967,
2928, 1600, 1474, 1446, 1232, 1073, 1043, 1026, 895, 768, 703. — 'H
NMR (500 MHz, CDCly): § = 7.56 (s, 4 H, Ho™°), 7.32 (s, 4 H,
Ho™), 7.19 (m, 40 H, HPP*™) 1,57 (s, 12 H, CH;). — '3C NMR
(125 MHz, CDCl,): § = 151.0, 146.1, 141.9, 140.3, 139.8 (C), 130.0,
127.8, 126.3, 125.8, 123.8 (CH), 59.1 (C), 28.8 (CHs;); the signal for
the central C atom was not observed. — MS (DEIL, 70 eV); m/z (%):
1032 (26) [M ™1, 1017 (57), 509 (3); peaks of heptaphenylfenestrindane
11: milz (%) 957 (43) [M™7], 942 (100), 471 (13). — HRMS: calcd. for
Cg1Hgp (9) 1032.4695; found 1032.4705. — HRMS: caled. for C;5Hsg
(11) 956.4382; found 956.4427. — UV/Vis (CH,Cly, ¢ = 4.26 X 107°
mol L™1): L.y (g €) = 242 (5.09) nm.
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