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Abstract: Several new homo- and heterocyclic topologically nonplanar organic compounds (11, 14, 17—20)
with centrohexacyclic (K5 type) molecular frameworks are described. Besides some centrohexaquinanes

comprising five-membered rings exclusively (’[5.5.5.5.5.5]centrohexacyclanes’), a number of congeners

compnisin L3 JeJd.0 el acyclidlcs

containing two six or two seven-membered rings have been synthesized for the first time (’[6.5.6.5.5.5}- and
[7.5.7.5.5.5]centrohexacyclanes’). Based on [m.n.o.p]fenestranes, a notation is proposed to define unequivocally
the mutual orientation of the various rings. © 1998 Elsevier Science Ltd. All rights reserved.

INTRODUCTION

Centrohexacyclic structures are characterized by the mutual annelation of six rings about a common
quaternary central atom, which itself may be surrounded by four again quaternary neighbour atoms. For a long
time, organic compounds of this scarce, topologically non-planar type have been very difficult to access
synthetically due to the spatially extremely close packing of rings.l’2 In recent years, however, its has been
possible to synthesize a number of homo- and heterocyclic centrohexacyclic compounds, such as 3 ~83 and
to adjoin them to the well-known triether 2, which was described for the first time in 1981.%7

According to a systematic terminology for centropolycyclic structures,® compounds 28 belong to the
families of ’centrohexaquinanes’ and ’centrohexaindanes’, respectively, since their centrohexacyclic nucleus
contains exclusively five-membered rings.9 In this paper we present, for the first time, some centrohexacyclic
organic compounds the polycyclic nuclei of which comprise also rings of other sizes, and we would like to use
this opportunity to propose a new more comprehensive definition for highly condensed centropolycyclic
compounds, namely, the nomenclature of [m.n.o.p.q.r]centropolycyclanes.
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All centrohexacyclic organic structures known to date have been constructed either from
[3.3.3]propellanes A (i = 3) or from [5.5.5.5]fenestranes B (i = 2, Scheme 1). As pointed out earlier,
[m.n.ojpropellanes'®'! and [m.n.o.p]fenestranes'>!® as well as other lower polycycles are comprised in the
molecular framework of the centrohexacyclanes®®!4!5. Therefore, it appears obvious to address centro-
s as *[m.n.o.p.q]Jcentropentacyclanes’ C

-

polycyclanes containing more than four mutuaily, centrically fused ring
and ’[m.n.o.p.q.rjcentrohexacycianes’ D (= D’

N NS N NS NN S
) = (CHy), B C D
1 =mn,o {i+3:m,n,o,pi {i+3:m,n,o,p.ql !‘1+3$m,n,o,p,q,r‘;

Scheme 1. From [m.n.o]propellanes (A) and [m.n.o.p]fenestranes (B) to [m.n.o.p.qjcentropentacyclanes (C) and [m.n.o.p.q.rjcentro-
hexacyclanes (D). i may vary for each of the rings. Bottom line: Orientation of the ring fusion (ring sizes: m, n, o, ...) according to the
tetrahedral geometry.
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Thus the few centropentaquinanes known to date, viz. lactone 1'Y, centropentaindane 12 and its

IU ll

derivates,” as well as some further homocyclic derivates may be termed ’[5.5.5.5.5]centropentacyclanes’,
and the centrohexaquinanes such as 2—8 as ’[5.5.5.5.5.5]centrohexacyclanes’. Two further examples of the
latter type will be presented first, one being a homocyclic [5.5.5.5.5.5]centrohexacyclane, 11, which is
synthesized by the two-fold condensation of benzene of [5.5.5.5]fenestrane 9,is the other being a heterocyclic

congener, 14, which is formed by single bridging of a centropentacyclic hydrocarbon, centropentaindane 127

RESULTS

[5.5.5.5.5.5]Centrohexacyclanes

Reaction of [5.5.5.5]fenestrane 9 with four equivalents of bromine leads to the tetrabromide 10, which,
after careful work-up, is obtained as a rather labile product (Scheme 2). Subsequent dissolution of the crude
intermediate in benzene followed by treatment with aluminum tribromide gives rise to incorporation of two
molecules of benzene across the two faces of the fenestrane framework, generating the centrohexacyclic
skeleton of pentabenzocentrohexaquinane 11. Similar aufbau reactions by two-fold or single condensations with
benzene have been achieved previously with tetrabromofenestrindane and related bridgehead-brominated
centropolyindanes™!® but, in contrast to these, tetrabromide 10 contains an alicyclic C, bridge which is prone
to 1,2-elimination of HBr. In this view, the yield (44 % from 9) of [5.5.5.5.5.5]centrohexacyclane 11 by the

four-fold C—C coupling reaction is remarkable. By far lower efficiency was achieved recently by oxidative
degradation of one of the six benzene rings of centrohexaindane (3) followed by reduction of the resulting 1,2-
diketone,2°
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Scheme 2. Conditions: (a) Bry/CCly, hv (addition of Br, for 3 h), product not isolated; (b) AlBry/C¢Hy, 25 °C, 8 d, 44%.

Similar to tribenzo[5.5.5.5.]fenestrane 9, centropentaindane 12 has been converted to the bridgehecad
dibromide 13° which allowed us to introduce the sixth, homo- and heterocyclic five-membered ring, such as
another indane unit or a 1,2-dioxolane or 1,2-dithiolane ring, leading to various [5.5.5.5.5.5]centrohexacyclanes
(4, 7 and 8, respectively). > Our attempts to introduce a single carbonyl bridge across the centropentacyclic
framework of 13, that is, to generate [5.5.5.5.5.4]centrohexacyclanes containing an additional four-membered

have failed so far. In accordance with similar carbonylation reactlons.z' we treated 13 with dicobalt octa-
carbony! in acetonitrile (Scheme 3). Work-up and and separation of the products by chromatography afforded,

VIR ilia d4ild oGl

surprisingly, the centrohexacyclic lactone 14 in low yield along with the corresponding diol. > Obviously, only
one C—C bond was formed during the carbonylation step while hydrolysis of the remaining bromide during
work-up enabled subsequent formation of the lactone owing to the extreme proximity of the two functionalities.
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In some parallel to the first [5.5.5.5. 5]centropentacyclic lactone 1 described by Keese et al,'é compound 14
represents the first [5.5.5.5.5.5]centrohexacyclic lactone.?

The xden‘tlty of lactone 14 follows unequivocally from its 'H and PC spectra. For example, the molecular
C, symmetry is reflected by four lines in the 3¢ NMR spectrum in the 65 £ & < 100 range, representing the
five carbon atoms of the neopentane core. Interestingly, however, the electron-impact (EI) mass spectrum of
14 does not show the molecular ion peaks, the highest-mass signals corresponding the (M — COZ]'+ peaks (m/z
440, 441, ete). Second-most abundant is the doubly charged fragment [M — C02]2+ (m/z 220, 220.5, etc.). This
observation is unusual for an aromatic compound bearing that many aromatic rings, but it is conceivable
considering the lability of the benzhydrylic bonds which have to be cleaved to expel the very stable CO,
molecule as the neutral fragment. In contrast to the EI spectrum, the chemical ionization (CI) mass spectrum
(using CH, as the reactant gas) exhibits the molecular mass of 14 by the [M + H]" peak of moderate relative
intensity. Loss of CO (28 Da) from the [M + H]" ions, in contrast to loss of CO, from M, gives rise to the
primary fragment at m/z 457. Whereas in the case of the protonated molecules, favourable protonation at the
carbonyl oxygen of the lactone bridge prevents the expulsion of CO,, the extremely facile decarboxylation of
the radical ions 14" is in line with previous findings on ionized centropentaindanes bearing a heteroatomic
bridge (e.g. CO—CO).5
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Scheme 3. Conditions: (a) Br,/CCly, A, hv, 3 h; crude product (ref. 5); (b) Co,(CO)g (excess) in MeCN, 7 d, 40 °C, 25%.

[6.5.6.5.5.5]Centrohexacyclanes

Starting from four-fold bridgehead-substituted fenestrindanes such as tetrabromide 15 19 we also
synthesized the first (heterocyclic) [m.n.o.p.q.ricentrohexacyclanes bearing rings of differens sizes. Thus,
[6.5.6.5.5.5]centrohexacyclane 19 was obtained in a four-step sequence (Scheme 4). Tetraazidofenestrindane 16
was prepared from 15 by tin{(IV)-catalyzed reaction with trimethylsily! azide 23 and converted to tetraamino-

fenestrindane 17 by reduction with lithium aluminium hydride. Upon attempts to convert 17 to the correspon-
. . ~ . ... . .

ek an Y oY, IR gy | R DN [ SUNIY 5 J RS ST | SRR, B o Anmtr~lhavnniralia AAnanATIn
18, instead of the sterically congested tertiary amine. Obviously, this [6.5.6.5.5.5]centrohexacyclic compound
n - mnml AL 4L a . S i miadom ] vaetiieon mcities sie % PO R T RN
forms by two-fold C,-bridging within each of the two pairs of syn-oriented amino groups and the remarkable

efficiency of this reaction has again to be traced to a proximity effect operating at the mutually fixed
- 25 s :

bridgehead functionalities of the fenestrane framework.“ Subsequent reduction of the formamide groups of 18
with lithium aluminium hydride furnished the four-fold methyl-substituted tetraaza[6.5.6.5.5.5]cenirohexa-

cyclane 19 in good yieid.
The identity of 18 and 19 is again confirmed by mass spectrometry and 'H and '3C NMR spectroscopy.

The apparent molecular symmetry of 18 is C,, giving rise to degeneracy of the NMR resonances of the
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Scheme 4. Conditions: (a) Me;SiNy/SiCly/CH,Cly, 25 °C, 5 h, 94%; (b) LIAIH/THF, 25 °C, 10 h, then H0, 58%; (¢) CH;0 (30 %) and
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A [7.5.7.5.5.5]Centrohexacyclane

The first [7.5.7.5.5.5]centrohexacyclane 20 (Scheme 5) was synthesized from tetrabromofenestrindane 15
by reacting it with neat 1,2-dimercaptoethane or, alternatively, by treatment with 1,2-bis(trimethylsilylthio)-
ethane in dichloromethane under catalysis with tin(IV) chloride. In this way, we recently converted a number
of related bridgehead-brominated centropolyindanes into the corresponding multiple thioethers.*3%2 Iny the case
of 15, both methods give relatively high yields of 20. 'H and 3C NMR spectroscopy corroborate the presence
of two 1,4-dithiacycloheptane rings. It is of interest that, in contrast to the [6.5.6.5.5.5]centrohexacyclanes 18
and 19, which appear conformationally flexible at room temperature, the spectra of the [7.5.7.5.5.5]centro-
hexacyclane 20 indicate conformational rigidity of the fenestrane framework. In this case, the apparent
symmetry is reduced to S,. This is evident, for example, from the four-fold degeneracy within each set of eight
ortho and eight meta protons, the benzo groups generating four equivalent ABCD spin systems. In line with
this, two resonances are found for the quaternary carbon atoms of the indane junctions and four lines reflect the
16 methine carbon atoms of the benzene rings. Not surprisingly, all of the four methylene groups of the
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ethylene bridges are equivalent. This should give rise to an AA’BB’ spectrum which, however, is reduced to
an apparent AB pattern with somewhat broadened signals. Measurements at increased temperatures (7 £ 160°C,

CDC1,CDCl,) led to convergent line shift and further broadening but not to coalescence of the methylence

15 20

Scheme 5. Conditions: (a) HSCH,CH,SH, 160 °C, 2 d, 71%; (b) SnCl,/CH,Cl,, (Me;SiSCH,),, 25 °C, 2 h, 75%.

resonances. Therefore, it appears highly probable that the conformation of 20 is ’static’, similar to other four-
fold bridgehead-substituted fenestrindanes such as 15, its tetrachloro and, in particular, the related tetrakis-
(methylthio) amalogue.4 In all these cases, the steric hindrance within each pair of (large) bridgehead sub-
stituents prevents the fast interconversion of the equivalent S, conformers. Force-field calculations corroborate
onformation of the fenestrane framework and suggest, moreover, that the S—CH,CH, —S bridges are
ost favourably in a zig- zag orientation. The fact that the steric fit of larger rings at the nucleus of

L most 1a Liallly &£ 12 AlIV Lt 1abb LIAdL AW oRblLVb A2 B2 =i 21115 L8 LPL0)
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The synihesis of the firsi [m.n.o.p.q.rjcentrohexacyclanes containing rings of different sizes (18—20)
raises the necessity to define a (general) nomenciature for these compiex polycyclic systems. In particular, the
mutual orientation of the individual rings has to be defined unequivocally. We propose to assign the prefixes
(m, n, 0 ...) to the rings in the same order as they are defined for {m.n.ojpropeilanes and {m.n.o.pjfenestranes,
that is, by decreasing ring size using the fenestrane framework as a basis. This ieads to an unequivocal notation
for both the [m.n.o.p.q.rjcentrohexacyclanes and for their pentacyclic congeners, the {m.n.o.p.q]centropenta-
cyclanes. For convenience, the ring sizes may be assigned according to the six edges of a tetrahedron (cf.
Scheme 1). Thus, [6.5.6.5.5.5])centrohexacyclanes 18 and 19 have to be considered derivatives of a [6.5.6.5]-
fenestrane bearing two additional five-membered rings whereas, in analogy, [7.5.7.5.5.5]centrohexacyclane 20
represents a doubly pentaanellelated [7.5.7.5]fenestrane.

As a complement to the molecular frameworks of 18 and 19, we may also consider the (hypothetical)
constitutional isomer bearing a [6.6.5.5.5.5] centrohexacyclic structure (Scheme 6, E). Apart from very few
(unbridged) [6.6.5.5]fenestranes,27 no higher centropolycyclanes are known to date that contain two (or more)
fuso-rclrmt:latc:d8 six-membered rings, that is, rings sharing one C—C bond.?8 Also unknown are centrohexa-
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cyclanes bearing more than two six-membered rings, as is illustrated in Scheme 6 for the three possible con-
stitutional isomers of the ’centropolyquinane’ series with [6.6.6.5.5.5], [6.6.5.5.6.5] and [6.6.5.5.5.6] centro-
hexacyclic frameworks (F, G and H, respectively). Note that, according to this notation, the first of the
additional rings (size q) is added from the upper side of the [m.n.o.p]fenestrane and the second one (size r)
from the back. In analogy, the hypothetical centropentacycles are conceivable bearing [6.6.5.5.5] and [6.5.6.5.5]
as well as [6.6.6.5.5] and [6.5.6.5.6] annelated rings. Finally, the notation proposed here also offers an
unequivocal assignment for the large group of [m.n.o.p.q.rJcentrohexacyclanes and [m.n.o.p.q]centropenta-
cyclanes containing rings of multiply different sizes.

As mentioned above, some inorganic and elementorganic [6.6.6.6.6.6]1::entrohexacyclames29 (’centrohexa-
sexanes’®) have been described while, besides compounds 18 and 19 presented in this paper, no strictly organic
centrohexacyclanes are known bearing six-membered rings in the polycyclic core. It may be assumed, however,
that the family of centrohexacyclic compounds will grow further because of the general interest in novel
host/guest systems, dendritic and supramolecular structures. Therefore, the simple nomenclature suggested here

may be useful for the further development of this field.3°
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CONCLUSION

Several new centrohexacyclic organic compounds have been presented based on the [5.5.5.5]framework
of fenestrindane. Bridging both of the faces of [5.5.5.5]fenestranes by two-membered units generates two
additional five-membered rings and thus [5.5.5.5.5.5]centrohexacyclanes, whereas single bridging would lead
to [5.5.5.5.5]centropentacyclanes. Some examples have been presented which show that bridging of
fenestrindanes by two heteroatomic three- or even four-membered units is possible leading to two six- or seven-
membered heterocyclic rings, fused to the [5.5.5.5]fenestrane framework, and thus to [6.5.6.5.5.5]- and
[7.5.7.5.5.5]centrohexacyclanes, respectively. A nomenclature of [m.n.o.p.q.r]centrohexacyclic and,
correspondingly, [m.n.o.p.q]centropentacyclic compounds has been proposed to define the relative orientation
of rings of different sizes about the tetrahedral core of centropolycyclic molecules beyond the propellanes and
fenestranes.

EXPERIMENTAL

General methods

Melting points (uncorrected): Electrothermal melting point apparatus. — TR: Perkin-Eilmer 377 and 841.
— 'H NMR: Bruker AM 300; CDCL/TMS, if not stated otherwise. — '3C NMR: Bruker AM 300 (J-
modulated spin echo experiments); CDCLy/TMS, if not stated otherwise. 'H-'H COSY measurements: Bruker
AM 300. — MS: Finnigan MAT CHS and Fisons Autospec, El, 70 eV; samples were introduced by the solids
inlet probes. — Exact mass measurements: Fisons Autospec (resolving power m/AM =~ 8000). — Thin layer
chromatography (TLC): Silica gel (Kieselgel 60) on Al foil (Merck, F 254).

Pentabenzocentrohexaquinane 11 by Bromination/Condensation
(4ba, 8583, 12ba, 14a3)-4b,8b, 1 2b, 1 4a-Tetrabromo-4b,8b, 12b, 13,14, 1 4a-hexahydrodibenzo[af]benzo|2,
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for 8 d. Thereafter, the mixture was hydrolysed by addition of water ( 125 ml), the aqueous layer was separated

=1 1 Lt

dI‘l d with l\ldsz4 and the solvent

and exfracted with dichloromethane. The combined ngllC solutions

Taisfall

e
was evaporated. The solid residue was purified by filtration through silica gel by usmg eluent n-hexane/CHCI 3
subsequent recrystallisation from this solvent mixture gave pure ii (0.4

tha

Physical and spectral data of the product proved it to be identical with

Centropentaindane Lactone 14
8b,16b-Oxycarbonyl-8bH, 1 6bH-4b,12b[1",2’[benzenodibenzo[a,f]dibenzo[2,3:4,5]pentalenof1,6-cd]-
pentalene (14). The labile dibromide 13 was prepared from centropentaindane 12 (221 mg, 500 umol) as
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described recently.Sb The crude product is dissolved unter argon in acetonitrile (50 ml) and dicobaltoctacarbonyl
(500 mg, 1.60 mmoi; Aifa Veniron) was added. The mixture was stirred at 40 °C for a totai period of 7 d, and
the same amounts of the reagent were added after 2 and 4 d periods. After evaporation of the solvent in vacuo,
the product mixture was separated by chromatography (silica gel/CH,Cl,) giving, besides minor amounts of the
corresponding diol,>” lactone 14 (120 mg, 25 %) as colourless crystals, m.p. > 400 °C. IR (KBr): v = 3068
em’!, 3024, 1764, 1597, 1469, 1305, 1218, 1186, 1095, 986, 967, 949, 760, 737, 622. 'H NMR (300 MHz,
CDCly): & = 7.71-7.83 (m, 10 H), 7.28—-7.42 (m, 10 H). 13C NMR (75 MHz, CDClLy): 8 = 176.2 (s), 148.7
(s), 148.4 (s), 146.5 (s), 142.2 (s), 141.8 (s), 130.8 (d), 129.8 (d), 129.1 (d), 129.0 (d), 126.5 (d), 124.9 (d),
124.3 (d), 124.1 (d), 123.7 (d), 98.7 (s, C-8b), 88.9 (s, C-16d), 72.2 (s, C-4b, C-12b), 68.7 (s, C-16b). MS (EI,
70 eV): m/z = 440 (100 %, [M — CO,]'"), 363 (9), 220 (35, [M — C02]2+). MS (CI, CH,): m/z = 485 (33 %,
[M + H]"), 457 (32, [M + H — COJ"). (MS found m/z 440.1567; C35Hyo = [M — CO,] requires 440.1565.)

[6.5.6.5.5.5]Centrohexacyclanes 18 and 19

(4bo, 8bB,12ba, 16b3)-4b,8b,12b,16b-Tetraazido-4b,8b, 12b, 1 6b-tetrahydrodibenzofa, f]dibenzo[2,3:4,5]-
pentaleno[1,6-cd]pentalene (4b,8b,12b, 1 6b-Tetraazidofenestrindane, 16). A solution of tetrabromofenestrindane
15 (342 mg, 500 umol) in anhydrous dichloromethane (50 ml) was stirred under nitrogen while azidotri-
methylsilane (2.00 ml, 15.0 mmol, Janssen) and then tin(IV) chloride (100 pl, 860 nmol) were added. Addition

of the catalyst produced a transient orange clowding of the solution. Stirring of was continued for 5 h. The

the clear, yellow solution was concentrated to pre e a fine, crystalline solid. Filtration and washing of the
nrecinitate with a little dichloromethane furnished 16 (251 mo. 94 %) as a colourless nowder. which decomno-
precipitate with a hittle dichloromethane furnished 16 (251 mg, 94 %) as a colourless powder, which decompo
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IUI’ U'T‘-, AVAV LG N A4 LNIVIIN \JU\I AV1L 1Ly \.4“\_/.\3, i AVS M’. v . oJ \Ul, - ll], [ 4 \ul, 1 & l‘.’b 4 1w lellala ailv Ulliiuoy
dirn b the dcminmain ammfarmmatinnal amsiliheien ~f 1£4 130 A\TARD 778 MU e TN Temmidine TN O M. & _ 149 A
due to tne dynamic coniormationai equiiiprium o1 1. C NMR (/0 Mnz, [V pyndine, /07 L) o = 1425
4N 191 N £ 1AL 3 £ ON N (o omone e ON £ 70N ARAQ /T MN JT ). I — BNA 74 O/ s V1 ar 1%ty AN
{(s), 131.0 {d), 125.3 (d}, 85.0 (s, very weak), 80.6 {(s). MS (EL, 70 eV): m/z = 504 {4 %, (M — N,] ), 450
S AN AN S NN LTl VY. &Y 2T BT 4%

(54), 406 (100), 392 (41), 203 (5)

(4ba, 8b,12ba, 16bB)-4b,8b,12b, 16b-Tetraamino-4b,8b, 12b, 16b-tetrahydrodibenzofa,f]dibenzo[2,3:4,5]-
pentalenof1,6-cd]pentalene (4b,8b,12b, 1 6b-Tetraaminofenestrindane, 17). To a solution of tetraazidofenestrin-
dane 16 (106 mg, 200 umol) in anhydrous tetrahydrofuran (50 ml) was added lithium aluminium hydride (33.4
mg, 880 umol) and the mixture was stirred at ambident temperature for 10 h. Hydrolysis with water followed
by extraction with trichloromethane and ethyl acetate and evaporation of the solvent gave a product mixture,
which was subjected to filtration through silica gel and MPLC (silica gel, EtOAc) to give the pure tetraamine
17 (76.0 mg, 58 %) as a light-yellow powder, m.p. 250 °C (decomp.). IR (KBr): ¥ = 3342 em’!, 3261, 3066,
2930, 1582, 1274, 1218, 1006, 914, 893, 758, 614. '"H NMR (300 MHz, CDClLy): & = 7.71 (d, 3J = 7.44 Hz,
4 H), 7.34 (m, 12 H), 2.15 (br s, 8 H, NH,). 13C NMR (75 MHz, CDCl,): 6 = 149.2 (q), 145.8 (s), 128.60 (d),
128.55 (d), 123.9 (d), 122.6 (d), 81.8 (s, C-16d), 72.8 (s, C-4b/8b/12b/16b). MS (EI, 70 eV): m/z = 428 (13 %,
[M]™), 412 (2), 411 (5), 395 (16), 394 (47), 378 (100), 291 (10). (MS found m/z 428.1993; C,qH, 4N, requires
428.2001.)

(4bct, 8bB, 1 2ba, 16bB3)-4b, 12b;8b, 1 6b-Bis(N-formyl-N’-methyl- 1, 3-diazapropano)-4b,8b, 1 2b, 1 6b-tetrahydro-
dibenzofa,fldibenzof2,3:4,5[pentalenof1,6-cd]pentalene [4b, 12b; 8b, ] 6b-Bis(N-formyl-N’-methyl-1, 3-diazapro-

1

sTEETEE S = Tr

ne] (18). Tetraminofenestrindane 17 (50.0 mg, 117 pmol) was added to a mixture of aqueous
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with water and neutralized with aqueous NaHCO,. The mixture was extracted with trichloromethane, the

rdsae S PR | . | ~n

combined extracts were concentrated to ur”y~ ness and the residue was filtrated mruugn silica gm .)uoscquenl
MPLC (silica gel, n-hexane/CH,Cl, 4 : 1) gave the bis(formamide) 18 (22.1 mg, 35 %) as a light-yellow solid,

P2 748 5 DAY Ann 1aANA 1NN o

m.p. 282 °C. IR (KDBr): v =3274 cm .)U&E 3Us1, 164.‘), 1043 1292, 1026, 752, 694. ﬂ NMR (jUU 1V11'1L,

o~ -~ Ty A TN A Nn~r

CDCly): 6 = 8.32 (s, 2 H, CHO), 7.63 (m, 4 H), 7.42 (m, 12 H), 4.06 (s, 4 H, CH,), 1.89 (s, 6 H, CH;). *
NMR (75 MHz, LUC13) 6 = 160.2 (d, CHO), 143.4 (s), 143.2 (s), 143.0 (s), 142.6 (s), 129.1 (d), 128.9 (d),
126.3 (d), 125.8 (d), 125.0 (d) 80.9 (s, C-16d), 75.8 (s), 73.3 (s), 60.6 (t, N-C-N), 37.1 (q, CH;). MS (EI, 70

eV): miz = 536 (21 %, [M]™"), 493 (11), 492 (26), 393 (79), 380 (28), 379 (38), 378 (100), 366 (11), 365 (18),
352 (18), 189 (13), 42 (30). (MS found m/z 536.2216; C55H,gN,0, requires 536.2212)

(4bat, 8bB, 12bax, 16b3)-4b, 12b,8b, 16b-Bis(N,N’-dimethyl-1,3-diazapropano)-4b,8b, 1 2b, 1 6b-tetrahydrodiben-
zo[a,f]dibenzo[2,3:4,5]pentalenof1,6-cd]pentalene [4b,12b,;8b,16b-Bis(N,N’-dimethyl- 1, 3-diazapropano)-
fenestrindane] (19). A solution of the bis(formamide) 18 (100 mg, 186 pmol) in anhydrous tetrahydrofuran (25
ml) was stirred while powdered lithium aluminium hydride (100 mg, 750 pumol) was added. Stirring was
continued at ambident temperature for 10 h. The mixture was hydrolysed with water and then extracted with
trichloromethane. Evaporation of the solvent followed by filtration through silica gel and purification by MPLC
(silica gel, n-hexane/CH,Cl, 1 :3) furnished the tetraamine 19 (70.0 mg, 72 %) as a light-yellow solid, m.p.
293 °C (decomp.). IR (KBr): ¥ = 3412 cm™', 2938, 1657, 1184, 1066, 767, 629. '"H NMR (300 MHz, CDCl,):
AA’BB’ spectrum (8, 4> = 7.58, 8pp. = 7.28; 16 H), 3.23 (s, 4 H), 2.10 (s; 12 H). 13C NMR (75 MHz,
CDCly): 8 = 146.2 (s), 127.1 (d), 125.3 (d), 75.9 (s), 70.3 (t, CH,), 37.1 (g, CH;). MS (EIL, 70 eV): m/z = 508
(35, [M]™), 466 (42), 393 (62), 378 (100), 364 (13), 352 (15), 42 (21). (MS found m/z 508.2635; Cy5HqHN,
requires 508.2627.)

[7.5.7.5.5.5]Centrohexacyclane 20

(4ba,8b6 12bcy, 16b3)-4b, 12b,8b, 16b-Bis(1,4-dithiabutano)-4b,8b, 12b, 1 6b-tetrahydrodibenzo[a,f]dibenzo-
[2,3:4,5]pentalenof]1, G-cd]pentalene [4b,12h;8b,16b-RBis(1 4-dithiabutano)fenestrindane] (20). (Method A). A

f Bt inta® J ol it - - \=¥ 7

mixture of tetrabromofenestrindane 15!° (342 mg, 500 umol) and ethanedithiol (30 ml) was heated to 160 °C
for 2 d. The excess of the reagent was removed in vacuo (ca. 1 mb“r) and the huﬂzly viscous residue was
redissolved in dichloromethane (2 ml). After a short time, a solid

}nn i-nl rna atiread srmdar argan

1i1) Was Suricd unGaer argon

2-Bi s(tnmethylsﬂylthm)ethane (F luka, 99 %) was then

~n A 4

(1:1) gave 20 (300 mg, 75 %) as colourless crystals, m.p.
2902, 1466, 1270, 1157, 1015, 897, 737, 679, 608. 1H

~ on

=7.60,4H ; 83 = 7.44, 4 H; &, 6p = 7.33, 8 H), 2.80 (d, J

NMR (75 MHz, CDC1,CDCl,): & = 142.5 (s), 139.6 (s), 128.8 (d), 128.3 (d), 125.1 (d), 124 5 ( ), 104.6 (s,
C-16d), 71.1 (s, C-4b/8b/12b/16b), 35.8 (t, CH,). MS (EI, 70 eV): m/z = 548 (4 %, [M]™), 457 (27), 456 (100,
M - C2H4SZ]'+), 428 (7), 396 (16), 364 (23, [M — 2 C2H4SZ]”’), 363 (20), 228.5 (3), 228 (7), 124 (16). (MS

found m/z 548.0759; C43H,,S, requires 548.0761.)
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