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Solution-Compatible Synthesis of Octacyclic Cgy Fragments

Tetsuo Iwasawa *

Described herein is synthesis of octacyclic Cg, fragments, wherein twofold pentagons were fused
into six hexagons of dibenzo[g,p]chrysenes (DBCs). Two kinds of archetypal skeletons have been
created depending on the location of pentagons: One is a rigid bowl-shaped structure, and the
other is a flexible non-planar framework. The key to success in both types lies in solution-phase
synthesis, which was ascribed to multi-substituted DBCs having alkyl groups as a solubilizing
agent and functional moieties as a reactive site that could be further converted. The solution-
processable DBCs undertook conventional cyclization protocols, and enabled forming assembly of
pentagons right beside hexagons beyond steric barrier. This account will outline the solution—
compatible schemes that provide DBC-based synthesis of a new Cg, fragmentary octacycle which

we named Metelykene.
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“If a large-scale synthetic route to this Cg species
can be found, the chemical and practical value of the
substance may prove extremely high.”
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Fig. 1 Cg fragments of hexa- and hepta-cycles; corannulene,
truxene, and sumanene.
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Fig. 2 Cg fragments of octacycles consisting of two pentagons
and six hexagons; diindenol1,2,34-defg: 1,23 4 -mnopl-
chrysene (left) and 4,11-dihydrodiindenol7,1,2-gh::
712 -pgrichrysene (right).
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Scheme 1 Potential schemes to synthesize octacycles from a
dibenzol g,plchrysene
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Fig. 3 Numbers of hits in SciFinder for structural search of
anthracene, pyrene, perylene, and DBC.
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Scheme 2 Three-step-approach to a dibenzolgplchrysene
on the basis of homo-dimerization of fluorenones,
reduction, and 1,2-rearrangement.
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Scheme 3 (a) Homo-dimerization of substituted fluorenones,
and (b) cross—dimerization between two different
fluorenones.
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Scheme 4 The reaction between phosphite and
fluorenone proceeds through the following
three stages, (a) In situ generated betaine,
and (b) the betaine-driven dimerization to
form a phosphorane, and (c) rearrangement
to produce a spiroketone.
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Scheme 5 Difference of reaction efficacy between P(OEt),
and P(O7Pr),.
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Scheme 6 Reactions at 110 C for 3 h for (a) homo-
dimerization of 3 to give low 13% yield of 1,
and (b) homo-dimerization of 4 to provide
high 69% yield of 2.
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Scheme 7 Cross-dimerization reactions, (a) at 110 C for
3 h to form 3 in 58%, and (b) at 155 C for 12 h
to yield 4 in 24% with side-production of the
phosphate.
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Scheme 8 Possible resonance forms of the oxy—-phosphonium
betaine generated from P(O:Pr); and 2,7-dibromo-
9-fluorenone.

Scheme 9 Cross—-dimerization using fluorenones bearing
twofold halogen atoms.
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Scheme 10 Homo-dimerization of 5 to predominantly form
the meta-keto-bromoarene substructure.
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Fig. 4 Plausible path to the single production of the cross—
adduct »ze the penta—oxy-phosphorane intermediate.
The unequivocal bond migration occurs, exclusively
forming a meta-keto-haloarene substructure.
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Fig. 5 Plausible path to the 5-derived komo-adduct via
the pentaoxy-phosphorane intermediate. The
bond migration occurs, predominantly forming a
meta-keto-bromoarene substructure.
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Scheme 11 Regio-specific fourfold bromination of a dibenzo-
[g.plchrysene.
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Scheme 12 Regio-specific Friedel-Crafts acylation and
bromination reactions of a dibenzolgpl-
chrysene.
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Scheme 13 Regio-complementary  reactivities  between

2- and 3-positions; (a) Friedel-Crafts alkylation
at 3-positions, and (b) fourfold bromination at
2-positions.
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Scheme 14 Regio-defined multiple halogenations at the
bay through (a) double chlorinations, and
(b) fourfold brominations.
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Scheme 15 Fourfold brominations (a) at the bay of 7, and
(b) at the cove of 9. Each tetrol was amenable
to etherification, and converted into 8 and 10.

Fig. 6 ORTEP drawing of 10 with thermal ellipsoids at the
50% probability level (the hydrogen atoms are omitted
for clarity); (a) torsion angle (56.1°) determined by the
four carbon atoms of C" C% C% and C% (b) top
view; (c) side view from a bay region.
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Fig. 7 Side-products of heptacycles.
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Scheme 16 Gram-scale double ring—closure at the cove of 10
to form 11 with 19% of the side-product.
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Fig. 8 ORTEP drawing of 11 with thermal ellipsoids at the
50% probability level (the hydrogen atoms are
omitted for clarity); (a) top view from a concave face;
(b) top view from a convex face with description of
selected angles and bond lengths (substituents are
omitted for ease of viewing); (c) side view from a bay
region with a description of bowl-depth (1.54 A).
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Fig. 9 Partial structures of the molecular packing
with ORTEP drawing of 11, with description of
intermolecular distance 3278 A : (a) side view,
and (b) top view.

2.3 NIRMNY X—FKIIVOFEERERK

Ny F =R R AT ITEREEIC L (BT 5720,
4HFOX NI THHAFLE, FIUIHL
AF VL UBE - =T VbR E R FREICHERT X 72 (X
F—L17),

CH,BrCl
(20 eq)
K,CO;3
(4 eq)

DMSO
toluene
55°C,2h
1MBBr;
(4.8 eq)

"M —
CH,Cl,

0°C, 10 min

then, r.t., 4 h CI(CH,),0H

(36 eq)
KoCO3
(12 eq)

CH30H
(6 mL/mmol)
50°C, 46 h

Scheme 17 Further transformation of the methoxy groups of
11: Demethylation, methylene-bridge cyclization,
and hydroxy ethyl etherification.
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Scheme 18 Further transformation in the intersectional
6:6-bond of 11:Cyclopropanation with
situ carbene, and cycloaddition with 7z situ
ylide were accomplished.
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Fig. 10  HOMO/LUMO mappings for the buckybowls,
calculated at the B3LYP/6-31G(dp) level of
theory: Substituted one provides no coefficient
of HOMO for its 6:6-bond, while the bond has
large coefficients of LUMO. Unsubstituted one
affords coefficients of HOMO and LUMO.
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Scheme 19 Silole formation at the day of 8 to form 12.

Fig. 11 ORTEP drawing of 12 with thermal ellipsoids at
the 50% probability level (the hydrogen atoms
are omitted for clarity); (a) torsion angle (31.8°)
determined by the four carbon atoms of C”, C*,
C% and C™ (b) top view: (¢) side view from a
five-membered ring.

Scheme 20 Potential retrosynthesis to the desired octacycle
through dibromide 13.
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Scheme 21 Synthesis of 13/is0-13.

Vol.82 No.3 2024

(37)

Fe\ T, Bay HIBORFIETF 2 HHY 77 & THHEAL
L, Y7V =7 b ra2OLEETIHT VTV EH
BL(RFX—L22), #6724 — v & dmB Rt

[T L 728 2 A, HIORERR 14 25 66% LT
HEES Nz X MBI 247\, 5 BBRO sp’ K22
DOFEFEEEDHEG L2l #)V P % 2 g L 72 (12
(@ (b))o BBV &2, BIEv A A MTIEZR LY
FVEITH -7 (K 12(c) ).

1) n-BuLi

13/is0-13 ———— >
2) Ar,CO
(4 eq)
-78°C,0.5h
then, r.t, 2 h
(Ar = 4-MeOPh)

R' = H, R? = C(OH)Ar, and 14
R' = C(OH)Ar,, R2= H 66%
71% (1:1)

Scheme 22 Synthesis of bis—cardo 14.

Fig. 12 ORTEP drawing of 14 with thermal ellipsoids at the
50% probability level (the hydrogen atoms are
omitted for clarity): (a) top view, (b) side-view
from a cove region, (c) side view from a slanting
upper part (anisole groups are removed for ease of
viewing, and torsion angle of 20.03°).
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Scheme 23 Gram-scale synthesis of diketone 15.
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torsion angle, 20.83° = .C'c2c3c*

Fig. 13 ORTEP drawing of 15 with thermal ellipsoids at the
50% probability level (the hydrogen atoms are
omitted for clarity, red for oxygens: (a) top view, (b)
side view from a slanting upper part, (c) top view
with a description of selected bond lengths and
angles (fert-butyl groups are removed for ease of
viewing), (f) torsion angle, 20.83°, determined by the
four carbon atoms of C', C% C* and C*.
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Scheme 24 Synthesis of 4,11-dihydrodiindenol7,1,2-gh:
71,2'-pgrichrysene 16.
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torsion angle, 19.89° = .C'C2C3¢C*

Fig. 14 ORTEP drawing of 16 with thermal ellipsoids at the
50% probability level (the hydrogen atoms are
omitted for clarity); (a) top view with a description
of selected bond lengths and angles, (b) side-view
from a methylene moiety, (c) side view from a
slanting upper part, and (e) torsion angle, 19.89°,
determined by the four carbon atoms of C', C* C?,
and C*,

Fig. 15 Molecular packing structures with ORTEP drawing
of 16 (the hydrogen atoms are omitted for clarity):
(a) layered-view from a slanting upper part; (b)
side view from five-membered rings; (c) top view;
(d) side view from cove regions with a description of
interlayer distances, 3457 A and 3.324 A.
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Fig. 16 Frontier orbitals mappings and the energies for (a)
16, and (b) 15, calculated at the B3LYP/6-31G (d,p)
level of theory.

Table 1 The energy difference between D, and Cy,
symmetry of the DFT-optimized structures for 15
and 16 calculated at the B3LYP/6-31G(d,p) level of

theory.
Energy Difference (kcal/mol)tl
Point group Shaped Type 15 16
D, Twisted -1.94 -1.87
Con Saddle 0 0

1l The data after zero-point vibrational energy correction were used.
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