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Imaginative further development of polycyclic parent
compounds and consequent application of synthetic method-
ology of organic chemistry has opened up new perspectives on
the construction of three-dimensional cage compounds and
networks in recent years.[1] Impressive examples have been
established not only in the chemistry of fullerenes[2] and of
fullerene segments such as corannulene and the semifuller-
enes,[3] but also with spheriphanes,[4] cyclophanes,[5] cycla-
cenes,[6] and propellanes.[7] Likewise, considerable progress
has been achieved in the chemistry of two-dimensional
networks (graphite cuttings).[8] In this context polycyclic ring
systems with bent, that is, convex ± concave or saddle-like
molecular surfaces, for example, the [n]circulenes (n� 5:
corannulene,[9] n� 7: pleiadannulene[10]), are of particular
interest.

Tribenzotriquinacene 1[11] and fenestrindane 2[12] represent
alicyclic variants of this structural principle and they con-
stitute, on their own, cuttings of the three-dimensional
ªmolecular latticeº of centrohexaindane 3.[13, 14] Structural

expansion of the hatlike 1 and the saddle-like 2 by condensed
arene networks can be envisioned to eventually result in novel
graphite segments, in which the alicyclic ªperturbationsº
would give rise to directed deformations of the otherwise
planar surfaces. This is demonstrated by a hypothetical
example for the case of 1 shown in Figure 1.

Figure 1. A hypothetical triquinacene bearing a completely closed arene
periphery (schematic).

In this work we present the first results of our current
investigation on the systematic functionalization of the six
peripheral arene positions of tribenzotriquinacene, which may
also be of interest for other fields of modern organic
chemistry.[15] For these studies we mainly employed 1,4,7,10-
tetramethyltribenzotriquinacene 4[16] since this model sub-
strate is chemically inert not only at the central but also at the
three benzhydrylic bridgehead positions, which are very
reactive in the parent hydrocarbon 1. We expected the six
ortho positions at the benzene nuclei to also be unreactive for
steric reasons. In fact, we found that nitration of 4 in 100 %
HNO3 and 98 % H2SO4 (5/7) gives the 2,3,6,7,10,11-hexanitro
derivative 5 in 90 % yield (Scheme 1, Table 1). This clearly

Scheme 1. a) HNO3 (100 %), H2SO4 (98 %) (5/7), 0!20 oC, 6 h, yield
90%; b) H2, Pd/C, EtOH, 4 bar, 20 oC, 24 h; c) (PhCO)2, EtOH/AcOH/
H2O (10/4/1), 120 oC, 4 h, yield 43%.

corroborates the high efficiency of steric shielding at the ortho
positions of the centropolyindanes against electrophilic attack.[17]

Reduction of the hexanitro compound 5 is carried out most
favorably by catalytic hydrogenolysis over palladium on
charcoal in ethanol.[18] Notably, the threefold ortho-phenyl-
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enediamine 6 formed in this way is extremely sensitive
towards oxidation; therefore, it has to be subjected to
subsequent conversions in solution after separation of the
inorganic components from the reaction mixture. In contrast
to other 1,2-diketones, hexaaminotribenzotriquinacene 6
easily reacts with benzil to give the threefold quinoxaline
7,[19] which, in view of the sensitivity of the hexaamine, is
isolated in relatively good yield.

Bromination of the six peripheral positions of 4 is also
performed under suitable conditions (Scheme 2, Table 1).[20]

Best results are obtained by working with a slight excess
(10 %) of bromine in the presence of catalytic amounts of iron
and iodine. Hexabromotribenzotriquinacene 8 is isolated in
93 % yield and affords a valuable basis for the synthesis of a

number of other sixfold functionalized congeners or CÿC
coupled derivatives. For example, the sixfold thioether 9 and
the threefold ortho-ditolane 10 are accessible from 8 in very
good yields.[21, 22] The pronounced vaulting of the convex ± con-
cave molecular structure of 10, which is strongly enlarged by
the six appending phenylethynyl units, is illustrated in Figure 2.

Iodination of 4 with potassium iodide/periodic acid[23] gives
the hexaiodo derivative 11 (Scheme 3, Table 1), in analogy to
bromination. This sixfold functionalized tribenzotriquinacene
is considered an important key compound for the construction
of more highly condensed benzenoid arenes, the ring systems
of which are fixed at the central triquinacene unit in an almost
perfectly orthogonal orientation to each other. Thus, for
example, CÿC coupling with phenylboronic acid under Suzuki

Table 1. Analytical and spectroscopic data of selected compounds.[28]

5 (4b,8b,12b,12d-Tetramethyl-2,3,6,7,10,11-hexanitro-4b,8b,12b,12d-tetra-
hydrodibenzo[2,3:4,5]pentaleno[1,6-ab]indene): amorphous colorless solid
(from CHCl3), m.p. > 360 oC; MS (70 eV): m/z (%): 606 (7) [M�], 591
(100), 546 (16), 499 (5), 407 (4), 315 (5); 1H NMR (500 MHz, [D6]DMSO):
d� 8.76 (s, 6H), 1.80 (s, 9H), 1.38 (s, 3 H); 13C{1H} NMR (125 MHz,
[D6]DMSO): d� 152.6 (s), 143.0 (s), 121.4 (d), 71.2 (s), 63.5 (s), 23.9 (q),
15.0 (q); IR (KBr): nÄ � 3049, 2974, 1593, 1545, 1478, 1453, 1440, 1398, 1365,
1143, 916, 862, 853, 756, 742 cmÿ1.

7 (5b,11b,17b,18b-Tetramethyl-2,3,8,9,14,15-hexaphenyl-5b,11b,17b,18b-
tetrahydropyrazino[2'',3'':5',6']indeno[1',2',3':3,4]quinoxalino[6',7':5,6]pen-
taleno[1,2-g]quinoxaline): long, colorless needles (from CHCl3), m.p.
> 360 oC; LSI-MS (3-nitrobenzyl alcohol (NBA)): m/z (%): 949 (100)
[M�], 933 (31); 1H NMR (500 MHz, CDCl3): d� 8.37 (s, 6 H), 7.46 (d, 3J�
7.9 Hz, 12 H), 7.29 (m, 18H), 2.02 (s, 9 H), 1.59 (s, 3H); 13C{1H} NMR
(125 MHz, CDCl3): d� 152.8 (s), 152.5 (s), 141.3 (s), 138.9 (s), 129.8 (d),
128.7 (d), 128.2 (d), 123.0 (d), 70.8 (s), 62.8 (s), 27.2 (q), 16.5 (q); IR
(KBr):nÄ � 3061, 2970, 1551, 1466, 1438, 1403, 1392, 1342, 1261, 1188, 1076,
1056, 1023, 971, 893, 766 cmÿ1 ; UV/Vis (CH2Cl2, c� 5.43� 10ÿ6 mol Lÿ1):
lmax (lge)� 257 (5.13), 368 (4.79) nm.

8 (4b,8b,12b,12d-Tetramethyl-2,3,6,7,10,11-hexabromo-4b,8b,12b,12d-tetra-
hydrodibenzo[2,3:4,5]pentaleno[1,6-ab]indene): amorphous colorless solid
(from CHCl3), m.p. > 360 oC; MS (70 eV): m/z (%): 810 (41) [M�], 795
(100), 730 (6), 715 (18), 635 (7); 1H NMR (500 MHz, CDCl3): d� 7.49 (s,
6H), 1.55 (s, 9 H), 1.28 (s, 3H); 13C{1H} NMR (125 MHz, CDCl3): d� 148.6
(s), 128.0 (d), 124.3 (s), 71.2 (s), 62.0 (s), 25.5 (q), 16.0 (q); IR (KBr): nÄ �
3060, 3001, 2978, 2962, 2955, 2927, 2899, 2870, 1477, 1469, 1461, 1446, 1391,
1377, 1365, 1349, 1272, 1248, 1204, 1179, 1121, 1104, 1083, 1034, 887, 874,
772, 763, 684, 640 cmÿ1.

9 (4b,8b,12b,12d-Tetramethyl-2,3,6,7,10,11-hexa(n-butylthio)-4b,8b,12b,
12d-tetrahydrodibenzo[2,3:4,5]pentaleno[1,6- ab]indene): glassy colorless
oil (from CHCl3); MS (70 eV): m/z (%): 864 (100) [M�], 849 (23), 810 (16),
776 (59), 761 (17); 1H NMR (500 MHz, CDCl3): d� 7.21 (s, 6H), 2.86 (oct. ,
3J� 7.3 Hz, 12 H), 1.63 (sext. , 3J� 7.6 Hz, 12H), 1.60 (s, 9H), 1.46 (sext. ,
3J� 7.5 Hz, 12H), 1.30 (s, 3H), 0.92 (t, 3J� 7.3 Hz, 18H); 13C{1H} NMR
(125 MHz, CDCl3): d� 146.8 (s), 136.8 (s), 123.6 (d), 70.7 (s), 62.2 (s), 33.4
(t), 30.9 (t), 25.6 (q), 22.1 (t), 16.0 (q), 13.7 (q); IR (KBr): nÄ � 3015, 2996,
2982, 2966, 2948, 2932, 2919, 2894, 2867, 2854, 2840, 2816, 1587, 1474, 1468,
1460, 1452, 1433, 1402, 1387, 1373, 1355, 1259, 1217, 1187, 1121, 1103, 1084,
1040, 905, 889, 865, 846, 778, 733 cmÿ1.

10 (4b,8b,12b,12d-Tetramethyl-2,3,6,7,10,11-hexa(phenylethynyl)-4b,8b,
12b,12d-tetrahydrodibenzo[2,3:4,5]pentaleno[1,6-ab]indene): amorphous
brownish solid (from CHCl3), m.p. > 360 oC; MS (DEI, 70 eV): m/z (%):
936 (100) [M�], 921 (94) [M�ÿCH3], 468 (10) [M2�], 461 (20) [M2�ÿCH3],
178 (45); 1H NMR (500 MHz, CDCl3): d� 7.58 (m, 18H), 7.31 (m,18 H),
1.68 (s, 9H), 1.35 (s, 3 H); 13C{1H} NMR (125 MHz, CDCl3): d� 148.4 (s),
131.7 (d), 128.3 (d), 126.4 (d), 125.7 (s), 123.3 (s), 93.3 (s), 88.6 (s), 70.5 (s),
62.6 (s), 25.7 (q), 16.0 (q); IR (KBr): nÄ � 3058, 2966, 2925, 1596, 1492, 1473,
1452, 1442, 1405, 1392, 1081, 1068, 1025, 903, 749, 687 cmÿ1; UV/Vis
(CH2Cl2, c� 4.38� 10ÿ6 mol Lÿ1): lmax (lg e)� 288 (5.22) nm.

11 (4b,8b,12b,12d-Tetramethyl-2,3,6,7,10,11-hexaiodo-4b,8b,12b,12d-tetra-
hydrodibenzo[2,3:4,5]pentaleno[1,6-ab]indene): amorphous colorless solid
(from CHCl3), m.p. > 360 oC; MS (DEI,70 eV): m/z (%): 1092 (76) [M�],
1077 (100), 966 (5), 965 (4), 951 (8), 950 (4), 823 (22), 696 (2), 681 (4);
1H NMR (500 MHz, CDCl3): d� 7.72 (s, 6H), 1.51 (s, 9H), 1.24 (s, 3H);
13C{1H} NMR (125 MHz, C2D2Cl4): d� 149.5 (s), 133.6 (d), 107.1 (s), 70.7
(s), 61.5 (s), 25.1 (q), 15.7 (q); IR (KBr): mÄ� 2967, 2926, 1474, 1453, 1440,
1392, 1375, 1335, 1267, 1251, 1090, 1030, 891, 860 cmÿ1.

12 (4b,8b,12b,12d-Tetramethyl-2,3,6,7,10,11-hexaphenyl-4b,8b,12b,12d-te-
trahydrodibenzo[2,3:4,5]pentaleno[1,6-ab]indene): colorless needles (from
CHCl3), m.p. > 360 oC; MS (70 eV): m/z (%): 792 (69) [M�], 777 (100), 716
(16), 701 (27), 389 (18); 1H NMR (500 MHz, CDCl3): d� 7.47 (s, 6H), 7.18
(m, 18 H), 7.08 (d, 3J� 7.6 Hz, 12H), 1.86 (s, 9H), 1.54 (s, 3 H); 13C{1H}
NMR (125 MHz, CDCl3): d� 148.2 (s), 141.8 (s), 140.6 (s), 130.0 (d), 127.7
(d), 126.3 (d), 125.0 (d), 71.3 (s), 62.7 (s), 26.1 (q), 16.3 (q); IR (KBr): nÄ �
3063, 3029, 2968, 1600, 1493, 1477, 1446, 1393, 1229, 1073, 1023, 897, 887,
781, 765, 697, 621 cmÿ1 ; UV/Vis (CH2Cl2, c� 5.23� 10ÿ6 mol Lÿ1): lmax

(lge)� 248 (4.94) nm.

13 (5b,15b,25b,30c-Tetramethyl-5b,15b,25b,30c-tetrahydro-benzo[l]benzo-
[9',10']phenanthro[2',3':5,6]phenanthro-[9'',10'':5',6']indeno[1',2',3':3,4]-
pentaleno[1,2-b]phenanthrene): amorphous colorless solid (from CHCl3),
m.p. > 360 oC; MS (70 eV): m/z (%): 786 (5) [M�], 771 (5); 1H NMR
(500 MHz, CDCl3): d� 8.84 (s, 6H), 8.78 (d, 3J� 8.2 Hz, 6H), 8.55 (d, 3J�
8.1 Hz, 6 H), 7.69(t, 3J� 7.6 Hz, 6H), 7.59 (t, 3J� 7.4 Hz, 6H), 2.07 (s, 9H),
1.61 (s, 3 H); 13C{1H} NMR (125 MHz, C2D2Cl4): d� 148.9 (s), 129.8 (s),
129.4 (s), 129.2 (s), 127.2 (d), 127.0 (d), 123.2 (d), 122.9 (d), 117.2 (d), 71.4
(s), 62.8 (s), 26.8 (q), 16.3 (q); IR (KBr): nÄ � 3077, 2966, 2922, 2854, 1493,
1447, 1434, 1261, 1092, 1049, 1030, 885, 753, 720, 710 cmÿ1 ; UV/Vis
(CH2Cl2, c� 4.07� 10ÿ6 mol Lÿ1): lmax (lg e)� 262 (5.33), 312 (4.43), 332
(3.99), 348 (3.89) nm.

15 (12d-Methyl-4b,8b,12b-trihydroxy-2,3,6,7,10,11-hexaiodo-4b,8b,12b,12d-
tetrahydrodibenzo[2,3:4,5]pentaleno[1,6-ab]indene): amorphous colorless
solid (from CHCl3), m.p. 314 oC (decomp); MS (DEI, 70 eV): m/z (%):
1098 (19) [M�], 1081 (3), 1049 (3), 972 (4), 128 (100); 1H NMR (500 MHz,
[D6]DMSO): d� 8.18 (s, 6 H), 6.07 (s, 3H), 1.08 (s, 3 H); 13C{1H} NMR
(125 MHz, [D6]DMSO): d� 146.6 (s), 134.7 (d), 109.4 (s), 88.1 (s), 77.2 (s),
12.1 (q); IR (KBr): nÄ � 3533, 3422, 3375, 3365, 2987, 2977, 2934, 1790, 1618,
1577, 1442, 1335, 1237, 1183, 1078, 1034, 970, 927, 886, 755, 726, 681,
618 cmÿ1.

16 (12d-Methyl-4b,8b,12b-tribromo-2,3,6,7,10,11-hexaiodo-4b,8b,12b,12d-
tetrahydrodibenzo[2,3:4,5]pentaleno[1,6-ab]indene): amorphous colorless
solid (from CHCl3), m.p. 254 oC (decomp); MS (APCI (chemical ionization
at atmospheric pressure)): m/z (%): 1206 (100) [M�ÿBr], 1158 (23), 1128
(22), 1047 (12); 1H NMR (500 MHz, C2D2Cl4): d� 8.08 (s, 6H), 2.17 (s,
3H); 13C{1H} NMR (125 MHz, C2D2Cl4): d� 143.7 (s), 136.0 (d), 111.4 (s),
79.5 (s), 75.6 (s), 36.5 (q); IR (KBr): nÄ � 3070, 2990, 2958, 2947, 2941, 2929,
1573, 1562, 1453, 1441, 1433, 1425, 1420, 1378, 1347, 1341, 1267, 1240, 1214,
1208, 1083, 1061, 921, 867, 856, 846, 838, 823, 815, 755, 699, 674 cmÿ1.
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Scheme 2. a) Br2, Fe (cat.), I2 (cat.), CCl4, 60 oC, 24 h, yield 93%;
b) CuSnBu, pyridine, quinoline, 170 oC, 24 h, yield 94%; c) phenylacetyl-
ene, NEt3, [(Ph3P)2PdCl2], CuI, Ph3P, 120 oC, 48 h, yield 87%.

Figure 2. Molecular shape of hexatolane 10 (from MM� calculations);
viewed onto the convex (left) and the concave surface (right).

conditions[24] gives the hexaphenyltribenzotriquinacene 12 in
excellent yield (Scheme 3), and subsequent photocyclodehy-
drogenation under Mallory conditions[25] yields the tris(tri-
phenylene) 13.

These examples demonstrate that, besides their versatile
conversions at the bridgehead positions,[11a, 14, 16, 26] tribenzo-
triquinacenes may also be used as building blocks for various
synthetic reactions that lead to complex ring systems. We are
currently investigating the synthetic access to higher ana-
logues of 12 and 13. Moreover, the combined functionaliza-
tion at both the bridgehead and the peripheral positions is

Scheme 3. a) KI, H5IO6, conc. H2SO4, 0!20 oC, 12 h, yield 76%;
b) PhB(OH)2, [Pd(dba)2], KOH, PPh3, PhNO2/H2O, 100 oC, 24 h, yield
90%; c) I2, PhH, hn, 20 oC, 18 h, yield 47%. A spatial representation of 13 is
given in the box. dba�dibenzylideneacetone.

possible in particular cases. For example, the tetramethyl
compound 4 can be replaced by the easily accessible
trihydroxytribenzotriquinacene 14,[16a, 27] which is converted
sequentially into the corresponding trihydroxyhexaiodotri-
benzotriquinacene 15 and the tribromohexaiodo derivative 16
(Scheme 4, Table 1). These compounds represent the first

Scheme 4. a) KI, H5IO6, conc. H2SO4, 0!20 oC, 12 h, yield 63%; b) THF,
PBr3, 0!20 oC, 12 h, yield 55 %.
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ninefold functionalized tribenzotriquinacenes and offer inter-
esting possibilities for further synthetic reactions.

On the basis of these results a large variety of novel
convex ± concave polycyclic hydrocarbon frameworks will
become available. In addition, the peripheral functionaliza-
tion also offers a synthetic access to complex ligands bearing
three, possibly cooperative, ligand spheres, such as threefold
crown ethers and cryptands, as well as to dendrimers based on
the tribenzotriquinacene core.[15] Moreover, the strategy of
synthesis presented here may be successfully transferred to
fenestrindane 2 and, at least in part, to centrohexaindane 3, to
incorporate benzoannelated fenestranes as unusual bulding
blocks into extended carbocyclic frameworks or into the core
of the polyfunctionalized host molecules.
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