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The first examples of novel bowl-shaped tribenzotriquinacenes (TBTQs) bearing three dithiametacyclo-
phane units within their arene peripheries are reported. The synthesis is base@s;ggsymmetrical
hexakis(chloromethyl)tribenzotriquinacene as the key intermediate and yields the inter-ring metacyclo-
phane-type macrocyclization instead of the intra-ring orthocyclophane-type cyclocondensation. Multiple
nucleophilic substitution of the same key intermediate leads to a number of other new 6-fold functionalized
tribenzotriquinacenes, some of which may be of interest as readily accessible building blocks for the
construction of novel bowl-shaped organic networks. The molecular structures of the novel tris-
(dithiametacyclophanes) and of the hexakis(chloromethyl)- and hexakis(hydroxymethyl)tribenzo-
triquinacenes have been determined by X-ray analysis and interesting host/guest aggregation and torsional
effects in the solid state are discussed.

Introduction particular, mutually orthogonal orientation along the three axes
of the Cartesian space, the three arene nucléi- represent
interesting anchor units for the simultaneous extension of the
TBTQ framework2c.d4.7.8various novel building blocks based

Tribenzotriquinacenes (TBTQ's), such as the parent hydro-
carbonl (Figure 1) and the bridgehead-methylated derivatives
2 and 3,22 represent fully benzoannelated congeners of

trqu|naceqé and protpty;gmal aromatic hydrocarbons of the (3) (a) Woodward, R. B.. Fukunaga, T.: Kelly, R. &.Am. Chem. Soc.
centropolyindane family~® The molecular framework of the 1964 g6, 3162. (b) Jacobson, L. Acta Chem. Scand.967, 21, 2235. (c)
TBTQ’s forms a conformationally rigidzs,-symmetrical, bowl- de Meijere, A.; Kaufmann, D.; Schallner, @ngew. ChemInt. Ed. Engl.

shaped structure consisting of three mutually fused indane units.bge%elro'fg; é{ddegeiqnlgﬁgggpéyl PS-(:JU%CEGFSZS% Uchg;ﬁfé%b%t’ Y
Unidirectionally and strictly parallel columnar stacking has been 1687, (é) éup‘t’a, A K_; Lé{nnoye, c. s".; Kubiak, G_;' Séhkeryantz, 3. Wehrli,

found for the single crystals of bothand2.2¢4 Owing to their S.: Cook, J. MJ. Am. Chem. Sod.989 111, 2169.
(4) Most recent reviews: (a) Kuck, Ezhem. Re. 2006 106, 4885. (b)

T Lanzhou University. Fax-86(931)8912582. Kuck, D. Pure Appl. Chem2006 78, 749.

* Bielefeld University. Faxt+49(521)1066417. (5) Previous reviews: (a) Kuck, Otop. Curr. Chem1998 196, 167.

(1) (@) Kuck, D.Angew. Chem.nt. Ed. 1984 23, 508. (b) Kuck, D.; (b) Kuck, D. InAdvances in Theoretically Interesting Molecul@hummel,
Schuster, A.; Ohlhorst, B.; Sinnwell, V.; de Meijere, Angew. Chem. R. P., Ed.; JAI Press: Stanford, CT, 1998; Vol. 4, pp-855. (c) Kuck,
Int. Ed. 1989 28, 595. D. Liebigs Ann./Recl997, 1043. (d) Kuck, DSynlett1996 949. (e) Kuck,

(2) (@) Kuck, D.; Lindenthal, T.; Schuster, £hem. Ber1992 125 D. Centropolyindanes. Multiply Fused Benzoannelated Cyclopentane
1449. (b) Kuck, D.; Neumann, E.; Schuster,@hem. Ber1994 127, 151. Hydrocarbons with a Central Carbon Atom. @Quasicrystals Networks
(c) Kuck, D.; Schuster, A.; Krause, R. A.; Tellerikay, J.; Exner, C. P,; and Molecules of Riefold SymmetryHargittai, |., Ed.; VCH Publishers:
Penk, M.; Bmge, H.; Miler, A. Tetrahedron2001, 57, 3587. (d) Haag, New York, 1990; Chapter 19.
R.; Ohlhorst, B.; Noltemeyer, M.; Fleischer, R.; Stalke, D.; Schuster, A.; (6) For the most recent and brief overview on the family of the related
Kuck, D.; Meijere, A.J. Am. Chem. Sod 995 117, 10474. centropolyquinanes, see ref 4a.

10.1021/jo070565e CCC: $37.00 © 2007 American Chemical Society
6382 J. Org. Chem2007, 72, 6382-6389 Published on Web 07/21/2007



Cs,-Symmetrical Tribenzotriquinacenes

1 RC=R*=H
2 R°=Me, R* = H 4a-4c X =Br, |, NO,
3 R°=R* =Me 5a-5d X = Me, CN, CHCHR', CCR"

6a R*=H,Y=Cl
7a R*=Me, Y=Cl

8 Z = CH,S(CH,),SCH, (n=2, 3)

FIGURE 1. Structures ofC, -symmetrical tribenzotriquinacenes.
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In the present report we wish to present the results of further
6-fold functionalization at the peripheral positions of the TBTQ
framework, as achieved by introduction of six-fdnctional
groups via the hitherto unknown hexakis(chloromethyl) deriva-
tives, such aga, in particular. These efforts have been part of
an ongoing project aiming at the mutual face-to-face condensa-
tion of two TBTQ bowls to develop a novel family of TBTQ-
based cyclophanes of potential interest as novel host compounds.
The design and synthesis of novel cyclophanes with unusual
shapes and geometries continues to be a topic of current
interest!3715, In the course of this work, we discovered a
surprisingly facile access to macrocyclic thioether derivatives
of 3, that is, tribenzotriquinacene8 consisting of three
metacyclophane units fused about a common triquinacene core.

Results and Discussion

As mentioned above, 6-fold electrophilic aromatic substitution
of tribenzotriquinacenes proved to be successful in several
cases%’2In our most recent experiments, chloromethylatfon
of the aromatic nuclei of botk and3 turned out to be successful
as well. When these two analogous hydrocarbons were treated

on the TBTQ core can be envisioned that may be of interest with a large excess of a mixture of chloromethyl methyl ether
for the design and future development of complex organome- and stannic chloride (90 equiv of MOMCI and 30 equiv of

tallic compoundgd-8>-df molecular container&?® dendritic
architectured? supramolecular compounésand various other
nanoscale molecular constructidghs.

Multiple functionalization ofl and?2 at their highly reactive

SnCly) in refluxing carbon disulfide, the corresponding hexakis-
(chloromethyl)-TBTQsaand7awere obtained in good yields
(Scheme 1). This clearly corroborates, once again, the recurring
high efficiency of steric shielding at the ortho positions of the

benzhydrylic bridgehead positions was studied during recent centropolyindanes against electrophilic substitution and is
yearés4and enabled the access to a large variety of novel bowl- particularly noteworthy in view of the large excess of the

shaped structures. Hydrocarb8nin particular, having all its

reagents. In fact, use of a smaller excess (30 equiv of MOMCI

bridgeheads blocked by methyl groups, allowed us to perform and 10 equiv of SnG) for the chloromethylation o3 furnished
various multiple functionalization of the outer peripheral arene a mixture of7aand the pentakis(chlormethyl) analogiz an

positions, e.g., by 6-fold bromination, iodination and nitratién,
and the corresponding produeta—c were shown to be highly
versatile building blocks for th€s-symmetrical extension of
the bowl-shaped triquinacene cdrdmong other groups, six
methyl-, nitrile-, vinyl-, and ethynyl-based residues were
introduced with high efficiency (c6a—d),” and TBTQs bearing

ca. 1:1 ratio. Separation of these products was achieved by
careful chromatography but compoudidould also be converted

to 7a by use of a higher excess of the reagents. In contrast to
the complex peak multiplicity in the case 8f the 'TH NMR
spectra of6a and 7a exhibit only two singlet resonances for
the aromatic and methylene protons, nicely reflecting the

polycondensed-arene units instead of the simple benzene nucleinolecular C3, symmetry. Moreover, whereas 13 lines were

have been describéd? The electrostatic properties of the

observed for arene carbons in f8€ NMR spectrum (100 MHz)

tribenzotriquinacene core have been calculated and the concavef 9, the spectra oba and7ashowed only three signals, again

face of the TBTQ framework found to be particularly attractive
for electron-poor guest2.

(7) (a) Tellenbi&er, J.; Kuck, DAngew. Chemint. Ed.1999 38, 919.
(b) Cao, X. P.; Barth, D.; Kuck, DEur. J. Org. Chem2005 3482. (c)
Zhou, L.; Cao, X. P.; Neumann, B.; Stammler, H. G.; Kuck, $ynlett
2005 18, 2771.

(8) (a) Schuster, A.; Kuck, DAngew. Chem.nt. Ed. 1991, 30, 1699.
(b) Ceccon, A.; Gambaro, A.; Manoli, F.; Venzo, A.; Kuck, D.; Bitterwolf,
T. E.; Ganis, P.; Valle, GJ. Chem. SocPerkin Trans. 21991 233. (c)
Haag, R.; Ohlhorst, B.; Noltemeyer, M.; Schuster, A.; Kuck, D.; de Meijere,
A. J. Chem. Soc.Chem. Communl993 1727. (d) Haag, R.; Kuck, D.;
Fu, X. Y.; Cook, J. M.; de Meijere, ASynlett1994 340. (e) Kuck, D.;
Schuster, A.; Paisdor, B.; Gestmann, D.Chem. So¢.Perkin Trans. 1
1995 721. (f) Dullaghan, C. A.; Carpenter, G. B.; Sweigart, D. A.; Kuck,
D.; Fusco, C.; Curci, ROrganometallics200Q 19, 2233. (g) Harig, M.;
Neumann, B.; Stammler, H. G.; Kuck, Bur. J. Org. Chem2004 2381.

(9) Cram, D. J.Nature (London 1992 356, 29. (b) MacGillivray, L.
R.; Atwood, J. L.Angew. Chem.nt. Ed. 1999 38, 1018. (c) Jasat, A,;
Sherman, J. CChem. Re. 1999 99, 931.

(10) (a) Issberger, J.; Moors, R.; ¥ite, F.Angew. ChemInt. Ed.1994
33, 2413. (b) Grayson, S. M.; Fehet, J. M. JChem. Re. 2001, 101, 3819.

(11) (a) Lehn, M.Supramolecular ChemistryConcepts and Perspec-
tives VCH: Weinheim, Germany, 1995. (b) Dodziuk, khtroduction to
Supramolecular ChemistrKluwer Academic Publishers: Dordrecht, The
Netherlands, 2002. (c) Schalley, C. Wass SpectronRev. 2001, 20, 253.

in accordance with molecular symmetry. The structure of
compound7a was further determined by X-ray single-crystal
analysis (see the Supporting Information). Treatmerfiaés
well as of 7awith sodium acetate in glacial acetic acid afforded
the corresponding hexakis(acetoxymethyl) derivati®bsand

(12) (a) Kamieth, M.; Klaner, F. G.; Diederich, FAngew. ChemInt.
Ed. 1998 37, 3303. (b) Klaner, F. G.; Panitzky, J.; Preda, D.; Scott, L. T.
J. Mol. Model.200Q 6, 318.

(13) (a) Vagtle, F.Cyclophane Chemistrwiley: New York, 1993. (b)
Bodwell, G. J. Angew. ChemInt. Ed. 1996 35, 2085. (c) de Meijere, A.;
Konig, B. Synlett1997 1221. (d) Schladetzky, K. D.; Haque, T. S.; Gellman,
S. H.J. Org. Chem1995 60, 4108. (e) Steven, D.; Douglas, M. H.; Robert,
A. P. J.J. Org. Chem1999 64, 5626.

(14) (a) Diederich, FCyclophanesRoyal Society of Chemistry: Cam-
bridge, UK, 1991. (b) Fyfe, M. C. T.; Stoddart, J.Acc. Chem. Re4997,

30, 393.

(15) (a) de Meijere, A.; Stulgies, B.; Albrecht, K.; Rauch, K.; Wegner,
H. A.; Hopf, H.; Scott, L. T.; Eshdat, L.; Aprahamian, I.; Rabinovitz, M.
Pure Appl. Chem2006 78, 813. (b) Knig, B. Top. Curr. Chem1998
196 91.

(16) (a) Sasaki, S.-i.; Mizuno, M.; Naemura, K.; Tobe JYOrg. Chem
200Q 65, 275. (b) Wei, C.; Mo, K.-F.; Chan, T.-LJ. Org. Chem2003
68, 2948. (c) Kasyan, O.; Swierczynski, D.; Drapailo, A.; Suwinska, K.;
Lipkowski, J.; Kalchenko, VTetrahedron Lett2003 44, 7167.
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SCHEME 1. Synthesis of the Hexakis(chloromethyl)tribenzotriquinacenes 6a and 7a and the
Hexakis(acetoxymethyl)tribenzotriquinacenes 6b and 7b

Cl Cl AcO OAc
MOMCI (90 equiv)
SnCl, (30 equiv) ”%(l)\éc
CS,, reflux reflux

R*=H,67% ClI Cl1 90% AcO

OAc AcO
6b
MOMCI (30 equiv) MOMCI (90 equiv)
SnCl, (10 equiv) SnCly (30 equiv)
CS,, reflux CS,, reflux
R*=Me R* = Me, 70%
Cl Cl AcO OAc

MOMCI (90 equiv)
SnCl; (30 equiv) NaoAe
CS,, reflux Me Me reflux Me Me
cl cl Cl91% AcO OAc
cl cl OAc AcO
7a 7b

9
(and 7a, see text)

SCHEME 2. Synthesis of the Hexakis(bromomethyl)tribenzotriquinacene 7d

HO OH
NaOMe
b MeOH, rt Me Me PBr3, CH,Cly, 1t
95% HO OH 84%

OH HO
7c

7b in high vyields. These first results show that, in fact, derivative 7e and treatment with sodium azide in aqueous
chloromethylation of the tribenzotriquinacene framework re- acetone afforded the corresponding hexakis(azidomethyl) ana-

presents an efficient method to access 6-fgsymmetrically logue 7g (Scheme 3). Both compounds were obtained in
C,-functionalized derivatives and may be also applicable for excellent yields. In a particular attempt to generate a strongly
the multiple functionalization of higher centropolyindaries. branched TBTQ-based dendritic unit, the hexakis(bromomethyl)

Unfortunately, various attempts to synthesize the hexabromoderivative 7a was reacted with thioacetic aci[3,5-bis-
analogues ofa by 6-fold bromination oba% by use of common (methoxymethoxy)benzyl] ester and potassium hydroxide in
methods failed. In every case, complex mixtures of various ethanol. Conversion to the 6-fold thioethwas achieved again
multiply and incompletely functionalized tribenzotriquinacenes in excellent isolated yield (94%); this compound was obtained
were formed. However, an indirect access to the hexakis- pure as a colorless oil and fully characterized by NMR
(bromomethyl) derivativ€d was established by saponification spectroscopy and ESI mass spectrometry.Fhand*C NMR
of the hexaesterb with use of sodium methoxide, giving the  spectra both unequivocally confirmed the effective molecular
hexakis(hydroxymethyl) compountt, followed by conversion Cs,-symmetry of this large §H1360.4 derivative of triquinacene.

of the latter to the bromomethyl analogu&l by use of Conversion of the hexakis(chloromethyl) compoiado the
phosphorus tribromide in dichloromethane (Scheme 2). Besidescorresponding 6-fold mercaptaiewas achieved either directly
its spectroscopic identification, the 6-fold benzylic alcofiol by reaction with thiourea, followed by decomposition of the

was also characterized by X-ray single crystal analysis (seeintermediary isothiuronium salts, or by synthesis of the respec-
below). The hexakis(bromomethyl)tribenzotriquinacédevas tive 6-fold thioacetaterh as an intermediate and subsequent
obtained in very good overall yield. saponification (Scheme 4). In both cases, the hexakis(mercap-
With the readily accessible hexakis(chloromethyl)-substituted tomethyl) derivate was obtained in high yields (80% and 72%,
tribenzotriquinacenes in hand, we performed a number of respectively) as a stable compound when stored under argon.
nucleophilic substitution reactions to synthesize novel building Directed dehydrogenation @i by use of activated manganese
blocks for potential application in supramolecular assemblies. dioxide gave the corresponding 3-fold cyclodisulfidé in
In particular, compoun@awas studied in this respect (Schemes excellent yield. Treatment afa with sodium sulfide by means
3—5). Simple solvolysis of this key product in methanol and of phase-transfer catalysis (PTC) afforded the corresponding tris-
potassium hydroxide furnished the hexakis(methoxymethyl) (dihydroisobenzothiophend), albeit only in moderate yield.

6384 J. Org. Chem.Vol. 72, No. 17, 2007
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SCHEME 3. Synthesis of the TBTQ-Based Polyethers 7e and 7f and of the TBTQ-based Hexaazide 7g

MeO OMe
MeOH
KOH
reflux Me Me
93%  MeO

OMe Me

o}
Te
MeO

S-[3,5-bis(methoxymethoxy)benzyl]
thioacetate, KOH, EtOH, PhH, rt

a
94%

SCHEME 4. Synthesis of Hexakis(mercaptomethyl)tribenzotriquinacene 7i and the Related TBTQ-Based Thioethers 10 and 11
HS

KSAc
DMF, rt

81%

HS, SH

SAc AcS SH HS

7h 7i MnO, 88%
CH,Cly, 1t
i, thiourea, EtOH, reflux; i, KOH, H,0, reflux; iii, HCI T

80%

NaZS

hexadecanyltrimethyl

ammonium bromide
CH,Cly/H,0, rt

37%

The 6-fold mercaptaii and related thioethers includiig may one TBTQ unit per molecule was ruled out by mass spectrom-
offer fascinating new possibilities to form self-assembled etry, and'H and3C NMR spectroscopy of compound& and
monolayers’ 13 confirmed theCs,-symmetrical incorporation of three 1,2-
Finally, we attempted to prepare TBTQ-based thioethers by ethano and 1,3-propano bridges, respectively, and the purity of
starting from the 6-fold benzyl chloridéa and somea,w- these novel polycyclic thioethers. However, unequivocal distinc-
dimercaptoalkanes (Scheme 5). In contrast to expectation, thetion petween the “orthocyclophanes” of tyge containing
reaction of7awith both 1,2-ethanedithiol and 1,3-propanedithiol - medium-sized heterocyclic units and the macrocyclic metacy-
in ethanol/benzene solution in the presence of cesium Carbonateclophaneﬂz and13 by NMR spectroscopy was not possible.
d?d not furnish any p(oducts containing simple_ benzoannelated Identification of their structures was eventually achieved by
d|th|_acycloalkane units, such as th‘g—symme_trlcal structures single-crystal X-ray structure analysis (see below).
A, in particular. Instead, the macrocyclic, formall@s,- i ) ]
symmetrical tris(dithiametacyclophand®and13were isolated The facile formation of the MTBT-based tris(metacyclo-
in surprisingly good yields (51% and 46%, respectively). The Phanesj2and13is an intriguing result. It may be speculated
presence of higher condensation products containing more tharPn the role of template effects of the Cen and on favorable
cation—z interaction between pendant cesium mercaptide groups
(17) Ulman, A.Chem. Re. 1996 96, 1533. and the formally remote aromatic ring, which would trigger the

J. Org. ChemVol. 72, No. 17, 2007 6385
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SCHEME 5. Synthesis of the Tris(dithiametacyclophane)-TBTQs 12 and 13

HS(CHy),SH,
032C03, EtOH
/PhH, rt

51%

HS(CHy),SH,
052003, EtOH
/PhH, rt

HS(CH,)sSH,
Cs,CO3, EtOH
A(n=2,3) /PhH, 1t

46%

macrocyclization path. Since the cyclization steps have to be state: ACssymmetrical conformation was found in the case
considered irreversible, an estimation of the relative thermo- of the lower homologuel2 (Figure 2), and a nonsymmetrical
chemical stabilities 012 and 13 with those of their respective  one () in the case of the higher homologuE3 (Figure 4).
orthocyclophane isomers of tygecan provide a rather coarse  Closer inspection of the molecular structures 1&f and 13
approach only. Nevertheless, we performed calculations at therevealed that formation of the macrocyclic rings did not induce
B3LYP/6-31G*//HF/6-31G* level. The results suggest that the marked distortion of the tribenzotriquinacene core. Thus, the
most favorable Cs-symmetrical) conformation of the lower three benzene rings retain their planarity and even the three
macrocyclic homologuel?2, is more stable than its orthocy- indane units do not exhibit significant distortion, in line with

clophane isomeA (n = 2) by AE = —1.1 kcal mot™. In the the facile formation of these tris(dithiametacyclophanes). In the
case of the higher homologue, this difference is much more crystals of the lower homologu€l,2, one dichloromethane
pronounced, the most favorable (ag&gsymmetrical) con- molecule was found to be coordinated at the rim of the concave

formation of the macrocyclic isomés3 being more stable than  side of the molecule, with its two chlorine atoms placed in the
A (n = 3) by evenAE = —14.9 kcal mot?. This sheds some common plane of symmetry (Figure 2b).
light on the favorable formation of the metacyclophane-type  The crystal structure of2 reveals the presence of parallel
tribenzotriquinacened2 and 13, although the energetics of and unidirectionally oriented molecular stacks, in each of which
reactive intermediates and the kinetics of their conversion remainthe convex side of one molecule fits perfectly into the concave
obscure. (For details of the calculations, see the Supportingside of the next one (Figure 3a). This is reminiscent of the
Information.) hithertho unique supramolecular arrangement of the parent
Single crystals suitable for X-ray diffraction analysis were compoundsl and2, and as with those, the molecul@s, axis
obtained by slow evaporation of the solvent from the solutions containing the central C-12eMe® bonds of the stacked
of compound12 in dichloromethane, and of compoui@ in molecules is identical with the crystallographic a34$Morever,
trichloromethane at 4C. The presence of three 13-membered the molecules pack not only without any mutual tilting but also
rings in the case df2 and three 14-membered rings in the case without any mutual turning (Figure 3b,c).
of 13 is clearly evident from the X-ray data. As compared to Different from the lower homologue, the solid-state molecular
the parent hydrocarborisand2,2¢4both of these TBTQ-based  structure of the TBTQ-tris(cyclophand has C;-symmetry
tris(cyclophanes) adopt reduced molecular symmetry in the solid (Figure 4a) and incorporates a solvent molecule (trichlo-
romethane in this caseayithin the extended cavity formed at
@ (®) the concave side of the TBTQ framework (Figure 4b). As
compared to the case b2 and the associated GEl, the larger
guest molecule, CHGJis allowed to vanish almost completely
into the void of the somewhat enlarged cavity of the higher
homologue 13 (Figure 4b-d).!¥ Nevertheless, the crystal
structure of the latter compound is much less regular than that
of 12. Columnar aggregation is dominant here as well, but the
stacks were found to be counter-oriented and the axes of the

(18) (a) Gibb, C. L. D.; Gibb, B. CJ. Am. Chem. So2006 128 16498.
(b) Staffilani, M.; Hancock, K. S. B.; Steed, J. W.; Holman, K. T.; Atwood,

. . J. L.; Juneja, R. K.; Burkhalter, R. 8. Am. Chem. S0d.997 119, 6324.
FIGURE 2. (a) Molecular structure 012 (30% thermal ellipsoids) (c) Holman, K. T.; Halihan, M. M.; Jurisson, S. S.; Atwood, J. L.;

and (b) space-filling representation depicting the position of the-CH  Burkhalter, R. S.; Mitchell, A. R.; Steed, J. W. Am. Chem. Sod.996
Cl, molecule in the plane of symmetry. 118 9567.
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FIGURE 3. Crystal structure ofl2 from X-ray structure analysis: (a) three adjacent molecule$2pfis oriented within each molecular stack
(CH,CI; not shown), (b) side view, and (c) top view on the molecular packing (includingCGH

(b)

FIGURE 4. (a) Molecular structure 013 (30% thermal ellipsoids),
(b and d) side view of ball-and-stick and space-filling representations,
and (c) bottom view depicting the position of the CH@lolecule in

the molecular cavity.

£ D

FIGURE 5. (a) X-ray molecular structure ofc (side view, 30%
thermal ellipsoids), (b) top view along the centrat-C axis, and (c)
view along thex,y-plane defined by the lines dissecting two of the
indane units, depicting the inward tilt of the third indane wing away
from the z-axis (see text).

is also presented here because it exhibits unexpected and
interesting solid-state interactions and unprecedented distortion
of the TBTQ skeleton. This compound forms a colorless powder
that is well soluble in methanol but only scarcely soluble in

central C-12e-Me bond were found to be tilted with respect water. Strikingly, when a suspension@fin a 3:1 mixture of

to the crystallographic axis (see the Supporting Information). water and methanol was allowed to stand for three weeks, it
It is obvious from this and previous papers that the highly turned clear while single crystals precipitated. Obviously, self-

regular molecular geometry of the tribenzotriquinacenes may assembling had occurred over this period of time. X-ray structure

give rise to interesting and highly regular supramolecular analysis of the crystals revealed that, in the solid state, the

structures in the solid state. In this context, the molecular and molecular skeleton o¥c (Figure 5a) is heavily distorted by

crystal structure of an apparently simple 6-folgfGnctionalized
derivative, namely, the hexakis(hydroxymethyl) derivatie

supramolecular hydrogen bonding. Instead of the uSigal
symmetrical tribenzotriquinacene core bearing three almost

J. Org. ChemVol. 72, No. 17, 2007 6387
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perfectly orthogonally oriented indane winga characteristic accurate mass (ESI-MSWz [M + NHy]* calcd for GgH2gClgN
feature found for all of the previously studied TBTQ derivatives ~ 600.0347, found 600.0351.

one of the indane wings is strongly bent inward, i.e., toward  2,3,6,7,10,11-Hexakis(chloromethyl)-4b,8b,12b,12d-tetramethyl-
the molecular cavity. This may be evident from the view along 4b.8b,12b,12d-tetrahydrodibenzo[2,3:4,5]pentaleno[1,8k]in-

the central C-12¢tMe bond (Figure 5b), which demonstrates dene (72%)(;?'?9'3535 i?llgigdg, 8174?439’1;2?ggfzﬁﬂsﬁﬁge%g
that one of the indane wings is clearly bent downward. The (neat) ! ) ! y J & (

iew depicted in Figure 5c is even more marked. The mean MHz, CDCl) 6 1.32 (s, 3H), 1.64 (s, 9H), 4.61 (s, 12H), 7.34 (s,
vi - 6H); 13C NMR (100 MHz, CDC}) ¢ 15.9, 25.5, 43.3, 62.5, 70.8,

central axes of two of the three indane wing&oftan be takt_en 125.2, 136.1, 149.3; accurate mass (ESI-M&[M + NH,]* calcd
(almost perfectly) as the-- and y-axes of the Cartesian  for CyH3,ClN 642.0817, found 642.0827.

coordinate system, but the third indane wing is clearly oriented 4b,9b,14b,15b-Tetramethyl-4b,6,8,9b,11,13,14b,15b-octahy-
toward the+x/+y/+z octant. Actually, the angle between the dro-1H,3H-[2]benzothieno[8,6':5,6]thieno[3",4":5',6']indeno-
central axes of two indane wingsx{*and “y”) is calculated to [1',2,3:3,4]pentaleno[1,2f][2]benzothiophene (10).A solution

be 93.0°, whereas the angles involving the remaining central of the 6-fold benzyl chloridea (63 mg, 0.1 mmol) and hexade-
axes (2) are markedly smaller than 99 viz., 0(x,2) = 80.2 canyltrimethylammonium bromide (11 mg, 0.03 mmol) in dichlo-
and 0(y,2) = 83.7°. The origin of this unusual distortion is fomethane (5 mL) was stirred under argon while a solution of
attributed to the multiple intermolecular hydrogen bonding and \?vc;dslugjﬁgglziogmigyggeng%uggIV\S)&gSsmgcc’jl)i:1n tvr\:gt%ra(ri r;tL)
possibly also to the multiple €H--- stacking interactions ambient temperature for 12 h. The organic layer was separated and
within the sgpramoleculgr arrangement n the solid state_ (_Seethe aqueous layer was extracted with dichlormethane BmL).

the Supporting Information). Therefore, it appears promising The combined organic layers were washed with brine, dried over
to study other tribenzotriquinacenes bearing polar and possibly sodium sulfate, filtered, and concentrated under reduced pressure.
acidic functional groups by which the multiple intermolecular Flash chromatography of the residue over silica gel (petroleum
aggregation of this regularly bent system can be promoted. ether/CHCI,, 2:1) afforded the productO (19 mg, 37%) as a
colorless solid; mp>360 °C; IR (neat) 2958, 2920, 1740, 1688,
1479, 1226, 1175, 1050, 910 ciH NMR (400 MHz, CDC}) 6

1.34 (s, 3H), 1.62 (s, 9H), 4.16 and 4.20 (AB= 12.3 Hz, 12H),

7.19 (s, 6H)13C NMR (100 MHz, CDC}) 6 16.2, 26.2, 37.5, 61.5,
71.7, 118.7, 140.4, 148.0; accurate mass (ESI-M&[M + H]*

Conclusion

We have developed an efficient extension of the tribenzo-

e e S oo €A o Gta, $1 1502 o 5111561

i group ghly symmetrica - g 5b,11b,17b,18b-Tetramethyl-5b,7,10,11b,13,16,17b,18b-0c-
symmetrical hexa(chloromethyl) derivativa turned outto be 3y dro.1H 4H-[2,3]benzodithiino[6', 75,6] [1,2]dithiino[4",5":
the key intermediate. Novel triquinacene-based tris(dithiacy- 5 gjindeno[1’,2,3:3,4]pentaleno[1,2g][2,3]benzodithiine (11).
clophanes) have become accessible bearing significantly ex-a suspension of freshly prepared manganese dié{@ mg, 0.6
tended molecular cavities at the concave face of the TBTQ mmol) and the 6-fold benzyl mercaptafig(31 mg, 0.05 mmol) in
framework, thus being suitable as host sites for small guest dichloromethane was stirred at ambient temperature for 6 h. The
molecules. Some of the new TBTQ derivatives may become mixture was filtered, the residue was washed with dichlormethane,
useful as building blocks for novel dendrimers and ligattds. and the combined solutions were concentrated under reduced
Furthermore, a large variety of novel supermolecular organic Pressure. Flash chromatography of the residue over silica gel
networks may become available on the basis of these results (Petroleum ether/CiCl,, 1:1) afforded the produdtl (27 mg, 88%)

The joint research on the functionalization and extension of the izgzcollgg?sg%?'d?;gpggplﬁ ;mﬂg%%ggﬁg'z 225’8 ,(:11;)6?35i 13%89'
tribenzotriquinacene framework in our laboratories is continuing. (s 3|_’|) 1.59 (s éH) 4.00 and 4.08 (AB= 16.2 Hz 12H) 701

(s, 6H);13C NMR (75 MHz, CDC}) 6 16.0, 25.8, 35.0, 62.1, 70.6,

Experimental Section 124.2, 132.4, 147.3; accurate mass (ESI-M&)[M + Na]* calcd
) for CsoHzgNaS 629.0564, found 629.0561.
General Procedure for Chloromethylation of TBTQs. A General Procedure for the Syntheses of Tris(dithiocyclo-

solution of hydrocarbong or 3 (2.0 mmol) and methoxymethyl phanes) 12 and 13A solution of CsCOs; (244 mg, 0.75 mmol) in
chloride (MOMCI) (13.6 mL, 180 mmol) in carbon disulfide (10  ethanol (80 mL) was stirred under argon while a solutiorvaf

mL) was stirred under argon while tin(lV) chloride (7.0 mL, 60  (0.10 mmol) and the dithiol (0.30 mmol) in dry benzene (80 mL)
mmol) was added dropwise. The mixture was refluxed for 8 h, was added dropwise within 8 h. Stirring was continued for another
cooled, and quenched with water (30 mL). After vigorous stirring 10 h, then the solvent was removed under reduced pressure. The
for 2 h, the mixture was extracted with dichloromethanex(&0 residue was diluted with water (15 mL) and extracted withCll

mL). The combined organic layers were washed with brine, dried (3 x 20 mL). The combined organic layers were washed with brine,
over sodium sulfate, filtered, and concentrated under reduceddried over NaSQ,, filtered, and concentrated under reduced
pressure. Flash chromatography of the residue over silica gelpressure. Flash chromatography of the residue over silica gel
(petroleum ether/CkCly, 5:1) afforded the hexakis(chloromethyl)-  (petroleum ether/ChCl,, 2:1) afforded the cyclophand$ or 13,

TBTQ derivatives6a and 7a as colorless, amorphous solids. respectively, as amorphous, colorless solids.
2,3,6,7,10,11-Hexakis(chloromethyl)-12d-methyl-4b,8b,12b,- 4b,8b,12b,12d-Tetramethyl-4b,8b,12b,12d-tetrahydro-2,11:
12d-tetrahydrodibenzo[2,3:4,5]pentaleno[1,@&blindene (6a): col- 3,6:7,10-tris(methanothioethanothiomethano)dibenzo[2,3:4,5]-

orless solid, 784 mg, 67%; mp 368302 °C dec; IR (neat) 2879,  pentaleno[1,6ab]indene (12): colorless solid, 35 mg, 51%; mp
1489, 1445, 1260, 817, 691 cf 'H NMR (300 MHz, CDC}) 6 >360°C; IR (neat) 2958, 2919, 1483, 1414, 1190, 1033, 734%cm
1.66 (s, 3H), 4.45 (s, 3H), 4.70 (s, 12H), 7.45 (s, 6HE NMR IH NMR (300 MHz, CDC}) 6 1.51 (s, 3H), 1.77 (s, 9H), 2.16
(100 MHz, CDC}) ¢ 27.2, 43.2, 62.0, 62.8, 126.7, 136.1, 145.9; 2.26 (m, 6H), 2.2%2.37 (m, 6H), 3.60 and 3.86 (AR} = 15.0

(19) (a) Fairchild, R. M.; Holman, K. TJ. Am. Chem. So@005 127, (20) Durst, T.; Lancaster, M.; Smith, D. J. l.Chem. SocPerkin Trans.
16364. (b) Gormley, F. K.; Gronbach, J.; Draper, S. M.; Davis, AJ.P. 11981 1846.
Chem. Soc¢Dalton Trans 200Q 173. (c) Bu, X.-H.; Hou, W.-F.; Du, M.; (21) Papadopoulos, E. P.; Jarrar, A.; Issidorides, CJ.HOrg. Chem.
Chen, W.; Zhang, R.-HCryst. Growth Des2002 2, 303. 1966 31, 615.
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Hz, 12H), 7.45 (s, 6H)13C NMR (75 MHz, CDC}) 6 15.9, 23.8,
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