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Abstract

The work presented in this thesis was aimed atldpwve a new strategy to prepare
conjugated molecular belts with possible applicgagi@s precursors in rational carbon
nanotube syntheses. Using the reaction scheme p#lewange of the accessible belt
oligoarylacetylenes was increased by the introdactif anthracene units. As a first step
towards this goal, it was essential to develop @pttmize a new synthetic route to cyclic
para-anthrylethylenegl4, which in turn can be used as precursors for dedtdromatic
compounds.
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Multi-step synthesis of anthracenophanes; reagemtonditions: i) Pd(PBRCI,, Cul,
diisopropylamine; ii) H, Pd/C ethylacetate; iii) SngICL,CHOCH;, CH,Cly; iv) TiCl,/Zn, DME, toluene.

The halogenation and dehydrohalogenation reactidribe corresponding anthraceno-
phanes as a simple and efficient access to bghesharomatic molecules were extens-
ively investigated. The products of these reactidike cyclic [6] and [9]para
anthrylacetylen&9 and 70 could be important intermediates in the rationeaitisesis of
carbon nanotubes.
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Synthesis of CPAA'$9 and 70 by bromination and dehydrobromination reactions.



Kurzzusammenfassung

Die vorliegende Arbeit hatte die Entwicklung neustrategien zur Darstellung konjugierter
molekularer Béander als Vorstufen in der rationgdgmnthese von Kohlenstoffnanoréhren zum Ziel.
Unter Verwendung des unten dargestellten Synthkseszs wurde das Spektrum der zugénglichen
Oligoarylacetylene durch die Einfihrung von Antl@aeinheiten erweitert. Einen wichtigen ersten
Schritt in Richtung dieses Ziels stellt die Entwiokgy und Optimierung der Synthese von
zyklischen para-Anthrylethylenen 44 dar, welche ihrerseits als Vorstufen der gurteart
aromatischen Verbindungen dienen.

oo fpo

Mehrstufensynthese der Anthracenophane; ReagenaiBedingungen: i) Pd(PBbCl,, Cul, Diisopropylamin;
ii) H,, Pd/C, Ethylacetat; iii) SnGICLCHOCH;, CH,Cly; iv) TiCl4/Zn, DME, Toluol.

Die Halogenierungs- und Dehalogenierungsreaktioten entsprechenden Anthracenophane als
einfacher und effizienter Zugang zu gurtelférmigeamatischen Verbindungen wurde ausfihrlich
untersucht. Die Produkte dieser Reaktionen, z.Rlisshes [6] und [9para-Anthrylacetylen69

und 70, konnten wichtige Zwischenstufen in der rationaymthese von Kohlenstoffnanordohren

darstellen.
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69 (n=1)
70 (n=2)
Synthese von CPAA'69 und 70 durch Bromierung und Dehydrobromierung.
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1 Introduction

Chapter 1: General introduction

1.1. General Purpose of the present study

Tubular aromatic compounds namely carbon nanotwbes generally considered to be key
structures in nanotechnologi. number of applications already have been realigadlecular
transistors and logic gat€smolecular wire&! tips of AFM and STM microscopé$, molecular
flow meters,” flat panel display§’ These compounds are currently only accessiblehijgsical
methods e.g. chemical vapor deposition (C¥b)yulsed laser vaporization (PLWA, and arc
discharg®' under very high temperatures which is not suitdbleproducing large quantities.
Under the drastic conditions, the reactions areontnolled and produce a variety of nanotubes
which are typically very difficult to separate. Withis problem in mind and considering the
importance of the synthesis of single-walled carbanotubes with specific diameter a rational
chemical synthesis to prepare the conjugated mialedelts as precursors in carbon nanotube
syntheses would be important. These belt-like campe because of highly strained curved
aromatic structufd and having the same overall cyclic shape coulduible templates for this
purpose:®

Nanotube of specific
diameter and chirality

[18]cyclocarbon

_.-‘-_._‘.-—"'" /

——

&

—

[12]cyclacene

Figure 1-1. Conjugated molecular belts as precursors in canaootube synthesis.
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The discovery of fulleren€d! in 1985 and related carbon nanotlifésy lijima in 1991 has
prompted a flurry of activity directed toward thgnthesis and study of curved, fully conjugated
systems. In a similar regard, there have been rauseattempts to prepare related belt-like
molecule&® possessing conjugateekelectron circuits. Various belt- and hoop-shapedhgounds,
including cyclic[n]carbor***®! cyclacene§® cyclic oligoparaphenylené¥! cyclophynes!®
ortho-cyclophané¥’! have been reported. These strained molecules esting not only from
the synthetic and theoretical point of view, butcabs host molecules having well-defired
electron cavitidé”. Moreover, strained molecules have always beespetial interest in organic
chemistry because of their enhanced reactivity #rer unusual physical and spectroscopic
properties. The only successful preparation ofyfubnjugated, belt-like compounds has been
reported by Herges, Darabi and Gleiter separa®lya and Darabi! produced cyclicpara-
phenylacetylenes containing six to nine subunitxges et af?” isolated a picotube based on four
anthracene units. Gleité! synthesized [6.8¢yclacene which is the first double stranded

molecular belt.

In this project, the chemical synthesis of buckbéke 1 with various diameter sizes is the main

goal.

Figure 1-2.Structure of cyclic [6para-anthrylacetylene, [6]-CPAA.



3 Introduction

1.2. Recent synthesis challenges toward fully corgated beltenes (belt-like and

tubular aromatics).
1.2.1. Introduction

Organic n-conjugated systems have become increasingly popata active materials in
optoelectronic devices such as light-emitting d&jéfe field-effect transistof&” and solar cell€®
These, belt-shaped conjugated systems are integestiattractive synthetic targets because of their
architectural beauty and potential applicationse €hindrical cavities of these molecular belts are
predicted to act as molecular hosts to cylindrnalecular guests of the diameter of acetylene and
fullerenesd?”! They have also become the subject of recent sttebecause they are subunits of
carbon nanotubes. The p-orbitals in belt-like atos are perpendicular to the surface of a
cylinder, in such a way that the inner part of pherbitals point towards the axis of the tube. Whil

in classical aromatic systems these orbitals aneepelicular with respect to the ring plaffé.

A e,
'{';!.'--f"’g %w;_?:"

f— s _ _ ..
i :- 1:-_1 .- Ty _'H..\m -"A‘-""'-'":. ";‘\\H_‘:}‘
3 e (O
N S, —=o 2" | )
hq‘:".\'__ - .-\; -";r/ l:_.""h_ J"'f\.l'
e/ — LY v
"--..',: 1=

“narmal” n system cyclophane tubular or belt-like aromatic

Figure 1-3. The representation of p-orbitals in normal arongttyclophanes and belt-like conjugated

systems (Vogtle belt >
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The angle between the p-orbitals asbonds in sp hybridized carbon is 90° but this angle is
larger than 90° in a curved systé&.

Figure 1-4.Pyramidalization anglé,for a) sp-hybridized carbon and b) a nonplanat-Bpbridized carbon
in Cgo fullerene ¢,=11.6°).

1.2.2. Cyclacenes

In 1987, Stoddart and et &t * proposed the synthesis 8fas a major synthetic target for
conjugated molecular belts. But unfortunately, bgsts of the desired cyclacene was not achieved.
These fully hoop-shaped cyclophanes are of intene#t respect to their conjugation, their
spectroscopic properties, and their cavities. They also ideal carbon nanotube precursors,
because they are the repeating units found inzagigarbon nanotubes.

N

! I.

."
? /Y

2

Figure 1-5. Structure of [12]cyclacene.
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In another attempt in 2008, Gleiter and et*4ldeveloped a new synthesis strategy for
[6.8]scyclacen3 as the first pure hydrocarbon cyclacene by stepwigithesis. It is the smallest
and most strained member of the [§.8ries which consisted of annelated six- and eight

membered rings.

X 7 O PPhg*Br-
=

.

Scheme 1-1Synthesis strategy of [6 8)yclacene.

1.2.3. Benzoannulenes

Another challenging molecule among fully conjugalbedts is allZ-tribenzo[12]-annulend which
was synthesized by Lyo#d and Vollhardt®® They applied two different strategies, Nickel-
catalyzed cyclization and selective hydrogenation,producing an intermediate compound and
finally by using [2+2+2] cycloreversion they obtaththe target molecule. Also, higher rings sizes

of benzoannulene with all-configuration were synthesized by same grétigMolecular models
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showed a crow-like, rigid structure involving welkfined cavities for complexation with

metals®’]

Br

©:[ Ni(PPh),

Br

/

Scheme 1-2Synthesis ofll-Z-tribenzo[12]annulene.

1.2.4. Picotubes

In another strategy, Herges et ?al. synthesized picotubeés by metathesis reaction of
tetrahydrodianthracene (TDDA). Their approach foka a ring-expansion metathesis strategy in
which two small belts combine to form larger b€Bsheme 1-3). The so called “picotubes” are
small and short substructures of the larger carbonnanotubes.
Similarly, Kammermeierphané®® was synthesized as a fully conjugated tubular eamg
(Scheme 1-4).
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— s, — X
quartz

* — || |
N/ N—/ CsHs

N4 DN 4

) & )

picotube
s

Scheme 1-3Synthesis of picotube.

Figure 1-6. Structure of Kammermeierphane.

1.2.5. Cyclich]-para-phenylacetylenes

Kawase et df* *¥introduced a new strategy for the synthesis ofestutly conjugated nanorings
(7 and 8) with different ring sizes. These compounds werepared using McMurry coupling,

bromination and dehydrobromination of correspongtirecursors.
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O @ T® OO
McMurry reaction 1.Br,

| 2. t-BuOK

(ar)
@ CHO @ n @ @

n
== Benzene, Naphthalene

Scheme 1-40da, Kawase, Darabi strategy to synthesize cyadlip@ra-arylacetylene.

Figure 1-7. Structures offj]-CPPA7 and h]-CPNA 8.

These molecules have smooth belt-like structuregssame of them contain a suitable cavity for

inclusion of G.

They also reported the formation of the ring-ingroompoun® and the double-inclusion structure

10 (onion-type) which are complexes between two dffié sizes of nanoringes and fulleréife.
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10

Figure 1-8.A ring-ring complex 9) and an onion-type complekd@).

A concave- convex- m interaction is supposed in the formation of thes@plexes.

8" 8"

convex

5

concave

Figure 1-9. Schematic presentation of concave-corwex interactiong?”

1.3. Our approach toward the synthesis ofr{]-para-arylacetylene

Respect to the importance of these cyclophandgsegsrécursor for the belt—like aromatics, we
tried to extend the width of the belt in cyclicgniarylacetylene by introducing anthracene units.
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The synthesis of these nanorings can be dividedtwb steps: 1. Synthesis afl{para
arylethylene. 2. Synthesis of]fpara-arylacetylene.

1.3.1. Synthesis oft{]-para-arylethylene

In general, there are several methods to synthes@arylethylene as the main part of the
cyclophanes. Figure 10 summarizes four methodspfeparing carbon-carbon double bonds.
Among these methods, we applied two the most regartethods to build our target molecules: the

Wittig reaction and the McMurry coupling.

Ar-CHO Ar-CHO

AV4
Ar-CH,Hal X Ar'-CH=NCgHs
V Siegrist
[Ar-CH,PR;*|Hal" (OR/DMF
iy Wittig A\V4 McMurry U

. M| Ar-CH=CH-Ar' | '

Heck Pd(OAc), PRy, DMF, N(CHs)3

< H,C=CH-Ar"

Figure 1-10.The most important synthetic routes to stilbenaichpounds!”! Hal=halogen.
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1.3.1.1. The Wittig reaction

There are several reports for the synthesis obgyenes by the Wittig reaction. Wennerstron et al.
synthesized cyclopharfel using a one-pot multiple Wittig reactié¥. “® The Wittig reaction has
many advantages over other methods for the preparaf large cyclophanes. The reaction
conditions are mild enough to allow the variatioh tbe arenes as well as the substituents.
Unsaturated bridges are introduced directly, whishy be desired for further reactions, for
example, photochemical ring closure. The experialeprocedure is simple; high dilution
techniques, which often are necessary in the sgigthef ring compounds, are not essentfal.
Starting materials are often easily available. tesgl indicated advantages of the Wittig reaction
the reaction has some inherent limitations. Thaainreaction between an ylide and a carbonyl
group to form a betain is reversible. Consequeritig, reaction progresses toward the favored
linear unstrained product in stead of the corredpancyclophanes. Therefore, small cyclophanes

with considerable strain energy usually requireenthethods of preparation.

CHO CH,PPh, *Br-

Wittig reaction
+ —_—

CHO CH,PPh; *Br-

11

Scheme 1-5Synthesis of cyclophariel by Wittig reaction.
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1.3.1.2. The McMurry reaction

Since 1973, the McMurry reaction was used to pceddouble bonds from dialdehydes and
ketoned**547)A number of strained olefins, many unusual molesund a variety of complex
natural products have all been synthesized usiegMicMurry coupling as the key synthetic
step[48] Wennerstron et al. were the first to use the MaMueaction for the synthesis of
cyclophanel2. But, they did not succeed in synthesizing largelic oligomers?®! Oda and co-
worker$®%Y used a modified McMurry reaction for the improvexynthesis of cyclic
paraphenylacetylenes. Different sizes of paracydopsll, 12, 13, 14, 15, 1@ere obtained by

this modified reaction.

7 O o O
TiCl -Zn(Cu)
—» +
DME-toluene
™
CHO

12

Tetramers

(19

g TiCl Zn(Cu) O \ O Trimers (5)
+ + +
O DME- toluene O O

11 14

Scheme 1-6McMurry reaction as the key step filre synthesis of cyclophanes with different ring sizes
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1.3.2. Bromination and dehydrobromination of cyclofpmanes

1.3.2.1 Degradation of triazole

This method has a great advantage for the preparatisensitive cyclophanes by various
oxidizing reagents. The triazol& can be oxidized to alkyrk8 by this method?

. N
ANTNHR N
| | N
N ~N
SN—NHR 'l\‘
NH,

N '
N/ CH,Cl,, 25°C

NH2 - -
17 18

N\\ Pb(OAC),

1.3.2.2. Rearrangement reactions

Rearrangements (Fritsch-Buttenberg-Wiechell reatad the carbon skeleton starting from 1,1°-
dihaloalkenes have been often applied for the geioer of strained cyclic alkynes. It is well-

known that 1,1"-diaryl-2-haloethylenes undergo dapearrangement to diarylacetylene by
treatment with a strong base (FBW rearrangent&hfJhe treatment of 9-chloromethylenefluorene
19 with phenyllithium in ether results in the formatiof the highly strained diarylacetyle@é as

an intermediat€? In this type of rearrangement, a hydrogen andagea and or two halogens are
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removed from the same carbon on treatment withsa Baelimination). It has been argued that a

carbene or carbenoid intermediate is involved here.

H
PhLi ‘
p— —_—
Cl

19 20

1.3.2.3. Cycloelimination reactions”

Cyclopropenone systems have proved to be partlguleseful for the matrix isolation of short-

lived cyclophanes like cycloheptyne. For examplegtpchemical decarbonylation @fl leads to

alkyne22.5¢!

O

L o=

21 22
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1.3.2.4. Ring closure reactions of systems contgitiiple bonds

The Glaser coupling of terminal dialkynes is anotway to obtain strained compounds such as
alkyne23. %" Less strained cycloalkynes can be generated bgdhegashira coupling. The cyclic

alkyne24is formed by the intramolecular coupling of IinqemenylacetylenQS.[SS]

H
O Y N O Cu(OAc), —_
— —_—
Pyridine OO
23
Pd(dbay/ Cul
PPh/ Et;N
24 25

1.3.2.5. Dehydrohalogenation reactions

Perhaps the most obvious approach to the syntbésigloalkynes is the dehydrohalogenation of
the corresponding 1,2-dihalogenocycloalkanes. Faample, dibenzocyclooctadiyn@7 was
efficiently prepared by dehydrobromination 28 by treatment with basé” The X-ray structure
shows a high deformation for the triple bonds (56°)°"!
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Br Br
t-BuOK
—_—
Solvent
Br Br 20
19

Odaet al used this strategy to synthesize cypliza phenylacetylen&®

1.4. The target molecules of the present work

Although numerous attempts have been made for thepapation of cycliaj]-para
phenylacetylenes rf[-CPPA) and cyclic ifi]-para-naphthylacetylene f[-CPNA) but, synthesis of
cyclic 9,9-anthrylacetylene(]-CPAA) as a novel member of this class of compaurhs
remained unknown to date. The present work is aiateke synthesis of these types of conjugated,
curved surface molecules using a new strategy. mhe problem in the synthesis of these
compounds seems to be the higher strain of theaulalestructure in comparison with|{CPPA
and h]-CPNA. Despite the expected instability, we areeiiested in these type of compounds
because of: i) their unusual structure ii) theitahle, rigid and deeper cavity as comparednie [
CPPA and f]-CPNA which makes the compounds likely to hogheanteresting compounds, e.g.

fullerenes28.
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28

Figure 1-11.Semiempirical (PM3) calculatedfructure of an onion-type complex of [6]-CPAA willy, in
two views a) top view. b) side view.

1.4.1. Cyclic p]-para-arylethylene

In order to synthesizen[ CPAA, we have to prepare corresponding ethyleiggbed cyclophanes.
Since, the anthryl-containingfCPAA’s are expected to suffer from a higher strand sterical
hindrance, we applied a gradual strategy to prep#iferent cyclophanes by introducing the
anthracene units step by step. To the best of oowledge, all synthesized cyclophanes are

unknown.
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n=1,23

NN\, N\

- n=123 Jn=123

Scheme 1-7Synthesis of differerpara-anthrylcyclophanes.

1.4.2. Cyclich]-para-arylacetylene

Figure 12 presents the molecular structures otjuéic [n]-para-arylacetylene obtained from the
corresponding cyclicr-para-arylethylenes. The curved surface of these modscahuses strain in
their frameworks. According to semiempirical and ialtio calculations the aryl rings (phenyl,
naphthyl and anthryl) are perpendicular with respet¢he macrocyclic ring. Hence, the p-orbitals

form a fully conjugated aromatic belt.
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29 (n=1,2) 30(n=1,2)

31(n=1,2)

33(n=14) 34(n=1,4)

Figure 1-12: The dimer and trimestructure ofifferentcyclic[n]-para-arylacetylene.
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Table 1-1lists theEyr.values (enthalpy of formation) argl (strain energy) of desired cycligf
para-arylacetylene together with their related acycl|i8]-para-arylacetylene as strainless
references. For having a rational comparison, wlesdime calculation for known compound$ [
CPPA33and h]-CPNA 34.

L
||

|
990
|

I
I
|
T
“
X
[i
“
X
[i
“
X
[i
T

33a 34a

Figure 1-13.Acyclic [3]-para-arylacetylene as strainless references.

As shown in tablel-1, the strain energy is calealafrom the difference in the enthalpies of
formation between cyclig]-para-arylacetylene and their related acyclic compouridse strain
energies Eqn) ~ are determined using following equation, whege[cyciic) - represents the heat of
formation of the corresponding[n]yne. Because acycR9a-34a have no strain in their

frameworks, their heat of formatioftyracycic) , are used as the standard. To get the equation
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isodesmic, we have to consideE 2z for dimer (n=1) and Bugz) for trimer (n=4). Since, the

standard heat of formation of hydrogen in the sempiecal method is zero, it is neglectable.

Esiny =[ Enrpeyelic) +2(N=1) or 3(n=4) Exrrzy] — [ EnFpacycii-2(n=1) or 3(n=4)]

According to the calculated data, the strain emsr@is) as expected, increase with decreasing ring
size from the trimer to the dimer. Within the sasiee of rings,Es's slightly increase with
increasing number of anthracene units in the stractn this order, compour2 has the highest

Es in trimer and also dimer except dingt.

Table 1-1.Standard heat of formatidfy: and strain energlys (kcal/mol)] of optimized acyclic and cyclic

compounds using the PM3 method (for structures-gpé-12 and Fig.1-13)

Compound Dimer Trimer Acyclic

Enr Es Enr Es Enr Es

32 726.27 46.1%2 1051.81 31.60

32a 34007 0

31 684.88 44.00 988.06 26.73

3la 320.44 0

30 650.94 40.60 940.97 25.46

30a 305.17 0

29 572.76 42.29 824.15 28.44

29a 26524 0

33 491.57 43.80 701.08 29.43

33a 22388 0

34 599.81 47.36 856.08 27.42

34a 276.22 0

Table 1-2 lists the average acetylene bond anglésavity sizes of cyclic (dimer and trimer) and

acyclic compounds29-34. The values also show too deviations from plapaiit cyclic

Introduction
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compounds. This deviations decrease with increasimg size from dimer to trimer. The cavity
diameters of trimers are about 6 A bigger thanetaislimers.

The theoretical data, on the strain energy coupdaéx some of the experimental results. According
to Oda and Kawase, the yield of reaction in thearation of [6]-CPPA is about 85 %, while the
yield of [6]-CPNA in the same approach and simdanditions, is only 2.8 %° Therefore, the
results are in a good agreement with theoretictl. dacreasing the strain energy from 43.88) (

to 47.36 84) kcal/mol leads to the decrease of the yields f&Bn% to 2.8%, respectively. The
higher steric demand of the naphthyl with respedhe phenyl group could also be the cause for

the reduced yields.

Table 1-2.Acetylene bond angles and cavity sizes of cyatit¢ acyclic compound29-34.

Cavity o
Compound diameter (nm) Bond angle (°)
Dimer 13.20 167.45
Trimer 19.60 171.56
Acyclic - 180

According to the calculated data, the strain en@rgyur target molecule32 similar to compound
34is relatively high. Consequently, difficultiestime synthesis of these belt-like aromatics can be

expected.
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Chapter 2: Synthesis of anthracenophanes

2.1. Synthesis of cyclic]-para-anthrylethylenes

2.1.1. Synthesis ofis-1,2-bis (9-anthryl)ethylene

Among the methods for the synthesis of the stilieompounds outlined in Chapter 1, only two

methods, the Wittig reaction and the McMurry congli are frequently used to synthesize the
cyclophanes. Even though the Wittig coupling is @ammon method for the synthesis of

cyclophane&>%?it is not applicable to the synthesis of cycloptsamith anthracenes as aryl units

26 (Scheme 2-1). The problems are probably due tecatdnindrance in the 9- and 10- positions of
anthracene. This could explain why the synthesigi®fl,2-bis(9-anthryl)ethylen7 which is

precursor for the anthracenophanes féife(Scheme 2-1).

= >
CH,PPh3'B ™ AN

A\VAVA
—— |

NN/
Wittig reaction E

CH,PPh,*Br == A
In=1,3

26

CH,PPh3*B

—H#—
OO OOO Wittig reaction H

ol
)W

Scheme 2-1The attempted Wittig reaction for synthesis ohaatenophanes.
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Since, preliminary attemptsr the synthesis of anthracenophanes by a simpletepecute of the
Wittig coupling were failed, step by step methodevapplied to synthesize these compounds.
The McMurry coupling reaction has shown remarkalgiéty for the synthesis of cyclophanes.
This method would allow a simple route for the pngpion of27 from commercially available 9-
anthraldehyde, however not surprisingly, trensisomer28 is the only product observed which

could not be used as a precursor for the next&tg@cheme 2-2).

" /
McMurry reaction ‘
7 <z "

28

Scheme 2-2The McMurry reaction yields exclusively the traamafigurationtrans-1,2-bis (9-anthryl)
ethylene.

After the failure of the attempts using the Wittigd the McMurry reactions, we applied indirect
methods for the synthesis of the desired cyclophare suitable method was reported by
Wadswortf® and Beckée?® in 1981 who employed Friedel-Crafts reaction, decaylation and

hydrogenation reactiolf to obtain thecis-configuration of the double bond 27 (Scheme 2-3).

Even though, they succeeded to obtain the finalpgamd with a good yield, a huge amount of
Lindlar catalyst had to be used in the hydrogematieaction which makes the synthesis quite
expensive. To optimize the reaction, we used diffecatalysts. The results are listed in Table 2-1.
Palladium on barium sulfate and palladium on caicicarbonate turned out to be more active
catalysts. The amount of catalyst, and reactiom ttwuld be reduced while increasing the yield of

the reaction, remarkably.
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AICI
——

CICH,CH,CI

/N

i i

4

” <<II’>

Hydrogenation

20 P

DMSO

<QII’> -

reflux

\

W

30

H §

27

Scheme 2-3The Wadsworth and Becker method for the synthasits-1,2-bis(9-anthryl)ethylene.

Table 2-1.Comparisorof hydrogen reaction result of 1,2-di-9-anthrylgtene30 in different catalyst.

Catalyst Cat : start Time (min.) Yield %
material (mg)
Lindlar cat. 40:1 45 72
Pd/CaCO;, 2:1 120 98
Pd/BasQ, 2:1 120 98
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2.1.2. Synthesis ofis-1,2-bis[10-formyl-9-anthryl]ethene

The formylation of aromatic compounds is an impair&ynthetic step in organic chemis[ﬁ%}.
Among all the formylation methods, three methodsgarticularly useful for the formylation of
electron- rich arenes, as shown in Scheme 2-4.

Br

Method (a)

1)n-BulLi
2)DMF

7 Z
<

/AN

32 ‘

o]
N

CCl, Method (b)
1)POC}
Method (c 31

1)SnC},
2)CLCHOCH,

/AN

27

Scheme 2-4The three attempted methods for the synthesissdf,2-bis[10-formyl-9-anthryl]ethene.
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2.1.2.1. Method (a)

Method (a) has been applied first time by Wennenmstret alf®® starting from cis-4,4"-
dibromostilbene34 (Scheme 2-5). We tried to extend it to synthesime @esired compound
(Scheme 2-5).

Br CHO

1) n-Buli, THF, -70°C

>

2) DMF

Br CHO
34 35

Scheme 2-5The Wennerstrdom method for the synthesi&-df4"-diformyl-stilbene35.

But, all attempts to prepar8 as a precursor in the formylation reaction failédtually, the
bromination reaction of compouri¥ was not complete and the mixture of the mono bnated

compound33 and the dibrominated compoud could not be separated.

2.1.2.2. Methods (b,¢§"

Both methods are potentially applicable for thetlgais of our desired compou@d. But, method
(c) due to the simplicity of reaction and also, beeaokthe fairly high yields was selected. This
simple procedure involves the reaction of an aneitle the Lewis acid SnGland C}CHOCH; at
low temperatures and then mixing at room tempeeaaumd finally, quenching with cold water. A

definitive advantage of this method is the easykwar that avoids any purification by column
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chromatography. The crude products were recrystland filtrated with acetone to obtain the
pure product. In this reaction, temperature playsnaportant role. Addition of reagents at room
temperature produces a mixture mono and diformglatenpounds while, doing the reaction at O

°C forms compoun@1 with a fairly good yield.

2.1.3. Synthesis of cyclid]-para-antrylethylenes

As we discussed in Chapter 1, the McMurry couplvag been successfully used to synthesize
some cyclophanes, even strained compd{fidScheme 2-6). However, the reaction led to a
mixture of isomers. Odat al®™" performed a detailed study to determine all exgstionformers
and products in this reaction. They could sepaaatecharacterize all possible isomers by column
chromatography and were also able to optimize #wction conditions using some selected
solvents to obtain a major ison&f.

‘ McMurry reaction ‘ ‘

35 36

n=1,3,5

Scheme 2-6The McMurry reaction for synthesis of cyclig{para-phenylethylenes.

Using the same approach and similar conditionsprepared cyclophan&7 as a minor product
(Scheme 2-7). Main product, however, was an indelabgo- or polymer, besides the unexpected
open ring compound8. Probably, the open ring compouB8is a decomposition product of dimer
37 which was formed due to sterical hindrance betwberfour opposed anthracenes as shown in
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the molecular structure. The methyl groups in stngcof 38 derive from the solvent (DME) and

were attached by an unknown mechanism.

CHO

McMurry reaction

/AN

CHO
31

Scheme 2-7The McMurry reaction to prepare the cyclij-para-antrylethylene.

The structure of compoun®8 could be assigned byH- and **C-NMR spectra. The 'H- NMR
shows a doublet for the methyl protons in the atghregion (2.21 ppm), a quartet for tbis
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olefinic protons connected to the methyl group,irlst for the olefinic protons between two
anthracene units, a doublet for the olefinic pret@onnected to the anthracene units and three

multiplets for the anthracene protons.

g.0 T.o 6.0 5.0 4.0 30 20

Figure 2-1."H-NMR (500 MHz, CDCYTMS) spectrum 088,

Attempts to purify cyclophan87(n=1) by flash chromatography and analytical HFa=d and
its identification is only based on MALDI- TOF massectrometry.
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[a}bj Reflaclor
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Figure 2-2. MALDI-TOF mass spectrum @7.

2.2. New strategy for the synthesis of cyclio]-para-anthrylethylenes

$0C

As it is explained in section 2.1., the Oda, Kawd3arabi method to prepare cycparaphenyl

and para-nhaphthylethylenes failed if anthracene units wesedu Therefore it was necessary to

develop a new strategy to synthesize the cymi@-anthrylethylenes, which are precursors for the

belt-like aromatics (Scheme 2-8). In this route, é#mployed ethynylarend8 contain three instead

of two arene units and therefore are stronger @edttherefore better precursors for the anticipated

cyclization.
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In contrast to previous methods, the new strategy multi-step reaction. However, the approach
outlined in follow was used to attempt the synthesi the first cyclic if]-para-arylethylenes

containing anthracene units.

@—+Hi:H ) @:@:

n=0,1,2

$0 $Y
- ) e ’ |
¢ § ) f O~

Scheme 2-8Attempted multi-step synthesis of anthracenophaReagents and conditions: i) Pd(R2al,,
Cul, diisopropylamine; ii) B Pd/C ethylacetate; iii) Sn&ICLCHOCH;, CH,Cl,; iv) TiCl,/Zn, DME,

toluene.
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2.2.1. Synthesis of arylene-ethynylene 41 (a, b,&;,e, f)

The Sonogashira coupling between terminal alkynesaaylhalide has been widely used to prepare
arylene-ethynylene and their derivatiVes’™ the arylene-ethynylene structuds have been
extensively utilized in the molecular design of abwt-conjugated aromatic oligomers and
polymers, particularly in the fields of supramollezichemistry and material scierlé&’® A wide
variety of compounds with phenylene (or naphthyjeméts were synthesizéd:®” The compounds

[81,82] [83,84]

have been used in molecular machines, and electronic devices.

45

Figure 2-3. Structure of an acyclic 1,8-anthrylene-ethynyleligomer.

Using the same approach, it was tried to extendwtih of the arylene-ethynylene units by
introducing anthracene, naphthalene and benzens asiaromatic building blocks. Among the
several possible connection sites, the followingifans were selected with respect to our target
molecules (9,10 for anthracene, 1,4 for naphthaland 1,4 for benzene). Expect arylene-
ethynylened41a the other anthrylene-ethynylene precursors fermanoring synthesis have not yet

been described in the literature.
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Pd(PPh3),Cl, N ! ' / \ /
- p— </\>_/=&__
@'I + H——— — H L — \\ // = \ /

iso-proNH-THF
\

& » ¢
\\\ Vi N /7 Y /7y

Y X _ 4

41(a,b, c,d, e, f)

Scheme2-9. Synthesis of arylene-ethynylene by Sonogashiralaugi

The synthesis of diethynylarend® has been done according to the literature proedtfiiTo

optimized the reaction, Pd(PPICl,, instead of Pd(OAg), was used as catalyst and the reaction
time was reduced significantly from 20 to 4 hours.

(I/I \\\) (,//I \\\)
Trimethylsilylethyne H
I4< >~| > (HO)S—==— )= Si(CH,

= Pd(PPh).Cl,, Cul \—/
< isopr,NH, THF « 2
46

¢

KOH, H,0 —

> H— \ / —H
THF, Methanol
(\\\ ///)
40

Scheme2-10. Synthesis of diethynylarends$.

The compound8bwas synthesized by a similar approach as compdahé”
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Ethanol

n-BulLi SnCh
O THF CH;COOH

Ethanol

0

e )=tio{ o ool aa
O THF CH4COOH
Scheme 2-11Synthesis of 9,10-bis(phenylethynyl)anthraceti#sand48b from anthraquinone.

In contrast to reaction (a), 9,10-bis(phenylethjyarythracenein reaction (b) has two active
positions (the acetylenic hydrogen and the bromimegaction withn-BuLi.The n-BuLi has to be

added at low temperatures in reaction b) to avathivhalogen exchange of the bromine.

2.2.2. Synthesis of 9,10-bis(arylethenyl)anthracesdy hydrogenation reaction

The syn/synselectivity of the hydrogenation of the triple lisrplays a key role in the synthesis of
the desired anthracenophanes. Only one examplechf & hydrogenation reaction is knoffh.
Based on a latter dynamic NMR studyZ¥-9,10-bis(styryl)anthracer®9 at both 25 and-10 °C,
two isomers thesyn/anticonformers were found in solution. According toleeollar mechanics
calculations each of the isomers can have two coretions’®® Among the different low energy

conformations only theynisomers have a proper orientation to form ringetbproducts.



36 Synthesis of anthracenophanes

e 2l it

49 49 (D) 49 (TTT) antl

49(TV)

Figure 2-4.The four different (MMP2 calculated) optimized émmations of compound9.

The desired arylene-ethynylenes show a differeanttigties upon hydrogenation with Pd catalysts

depending on their structures. Therefore, the i@adiad to be optimized using different Pd-
catalysts and solvents. Results are showed in 2aBle

I\ _ /)—\\ — H,/Pd

50

Scheme2-12.Synthesis of 9,10-bis(arylethenyl)anthracenesylaydgenation reaction (Refer to scheme 2-
8, page 32 for the clarity).
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Table 2-2: Results from hydrogenation reactions of arylengsggtenes.

: . Time Temperature Yield
Entry Catalyst Ratio cat.. start (min)® Solvent (°C) (%)
material
41a Pd/BaSQ, 5% 2:1 40 ethylacetate r.t. 100
41b Pd/BaSQ, 5% 25:1 50 toluene 50 100
41c Pd/BaSQ, 10% 25:1 60 toluene 50 10(
41d Lindlar cat. 25:1 50 ethylacetate r.t. 75
Pd/BaSQ, 5% . 3
41e (reduced) 3:1 60 ethylacetate r.t. 70
0
41f Pd/BaSQ, 5% 2:1 50 ethylacetate r.t. 50
(reduced)
48 Pd/BaSQ, 5% 25:1 55 ethylacetate r.t. 100

&Thereaction time could be variable by changing the @mhof catalyst

The investigation ofH-NMR spectra of the products could be interestBased on a latter study,

Wennerstrom and Sund&l have

reported a dynamic NMR study aoZf,Z9,10-

bis(styryl)anthracend9 at both 25 and -10 °C. TH#i- NMR spectrum of this compound was

more complicated than expected for a single isorméis intricacy is explained by a slow

interconvertion of the two isomersyf/ant) at room temperature.
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TH-NMR, T=25 0C /-)

1H-NMR, T=-10 0C

L

Figure 2-5."H-NMR (CDCl, 400 MHz) spectra ofi9 at two different temperatur&s!

The 'H-NMR spectrum of compoun&0 at room temperature also shows more signals than
expected for a single isomer. It probably concemoegkisting two differensyn/antiisomers with a

different ratio (Figure 2-6). Equilibration betwesyn/antiinclines tosynisomer50 with regard to
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obtained results of the McMurry reaction (SectioB.2). However, the McMurry reaction of the

anti isomer50 does not produce any ring compounds.

§.50 §.00 740 .00 5.50
(1)

Figure 2-6."H-NMR (500 MHz, CDCYTMS) spectrum of the arylene-ethenyld&i@sat room temperature.

Unlike compounds0, the *H-NMR spectra of the compound? (a, b, c, d, e, fshow only the
correspondingynisomer. It is probably due to large barrierer kansyn/anticonformers at room
temperature. Such restricted rotation and flip adothe double bond was also observed in‘the
NMR spectrum otis-1,2-bis (9-anthryl) ethylen27.°"
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Figure 2-7."H-NMR (500 MHz, CDCYTMS) spectra of the arylene-ethenylet®a (top) and42b (bottom)

at room temperature.
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2.2.3. Synthesis of the dialdehyde of ethenylarends (a, b, c, d, e, f)

Using the same approach and similar conditionxpkimed in section 2.1.2. for compou2d the
dialdehyde of ethenylarend8, were also prepared in fairly good yields. Unexpaigtecompound
43ddid not yield any formylated products. The reasantliiis deviating behavior could not be
explained.

1) SnC},,CH,Cl,

Y

2) CLCHOCH,

43 (a, b, c, e, f)

Scheme 2-13Synthesis of the dialdehyde of ethenylaretf@$a, b, c, e, f{Refer to scheme 2-8, page 32
for the clarity).

The formylation of compoun®0 using a similar method already explained for coumub34
(Section 2.1.2.), furnished compoustias the main product, besides compobBes a minor side
product. To improve the yield of the reaction, othtyllithium reagents such asec-andtert-
BuLi were used. However, the combination of thehbalkyllithium reagents gave better yields.

The reaction conditions are listed in table 2-3.
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Table 2-3.Formylation reaction a0 with different alkyllithium reagents.

Yield (%)
Entry Reagent

51 52 53

n-BuLi 40 5 0

secBulLi 35 8 0

50 t-BulLi 20 20 0

MeLi 28 10 0

n-BulLi, t-BuLi 20 30 0
MelLi, t-BulLi 10 55 15

Using the combination of the MeLi atdBuLi reagents improved the yield of the desired
compoundb2 up to 55% ,besides a small amount of monoformglatenpounds1 and the

unexpected produ&3.

AN
/ Br _—<=>—CHO _—<=>—CHO
1) Meli, t-BulLi
O THF, -78°C ‘0@ + OO@
_ -3
2) DMF
N—< b X N <—5>—CHO
50 51 52
_j——CHo
s

X_—<_—5>—CHO

53

Scheme 2-14lmproved synthesis of the dialdehyde of ethenyles&2 using a mixture of alkyllithium

reagents.
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Although, the mechanism of formation of compo&3dvas not understood, but the similar

compounds4 was synthesized by Wittig reactibt!

J—CcHO
~ : 1) Ofgo ~
(j CH,PPh*Br- O
F

2)H*

X@mo N O CHO

54

Scheme 2-15Synthesis of compourisl by Wittig reaction.

2.2.4. Synthesis and properties of cyclophanes 5%#&%b and 55c¢

2.2.4.1. Synthesis

Paracyclophanesba, 55band55care they all unknowthen cyclophanes were obtained by using
the modified McMurry coupling on the preoriented eksfton of syn(Z,2)-9,10-bis(4-

formostyryl)anthracen®2, as shown in figure 2-8 and scheme 2-16.

oS
_J

55a 55b n=1
55¢c n=2

Figure 2-8. Products of the McMurry reaction 62.
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The products are stable both in solution and silatk at room temperature. The yield of reaction is

nearly good.
_—<e=>—CHO
TiCl ~Zn(Cu)
‘0 55a(30%) + 55b(9%) + 55¢(2%)
DME, toluene

~N—<—>CHO

Scheme 2-16Synthesis of newn]-para-cyclophaness5a 55b and55c¢

During the experimental studies, two important destwere found in the carbonyl coupling: 1) the

concentration of precursor. 2) the solvent.

2.2.4.2. The effects of concentration

There is a competition between intermolecular amgamolecular coupling in the McMurry
reaction of cyclophanes. Intermolecular couplingfasored at higher concentrations of the
dialdehyde. On the other hand, slow addition oflddiayde with low concentration at room

temperature directs the reaction toward intramdéaoupling and vice versa.

2.2.4.3. Solvent effects

The solvent has also an the important role in cditipe between intermolecular and
intramolecular coupling in the McMurry reaction.rFexample, the reaction of dialdehy82 in
THF solvent gave only monomBbain 20 % yield as the coupling product while in DM&lvent
monomers5awas formed as the main product, besides dibbérin 43 % combined yield. Using

the combination of the DME and toluene increasedyibld of higher cyclic oligomers namely the
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dimer55b and trimer55¢ remarkably. the reactive intermediate are diffefem those generated
in solvents without toluene.Apparently, The reaetiintermediates are different from those
generated in solvents witout toluene. In 2001 edal® reported a similar effect of the solvent in
the synthesis of cycliparafphenylethylenes. They prepared the correspondigigenicyclophanes
by a modified McMurry reaction. However, the moedifireaction favors the formation of higher
cyclic oligomers which are the precursors for tledt-bke aromatics. The maximum yields for

dimer55b and trimerb5cin the toluene/DME (1:1) solvent mixture are 9 % @16, respectively.

2.2.4.4. Physical properties

The structure o55ais clearly supported biH and**C-NMR and X-ray data. The Cl and MALDI-
TOF mass spectra show the corresponding moleangpeak ih/z= 406). Compoun85aappears
as yellow crystals and is stable under ambient itiomdfor several months without protection from
light and air.

Among different stereo-isomers of dintefsb, only (Z,Z,B,isomer was isolated by crystallization.
MALDI-TOF mass spectrum shows the correspondingecwdhr ion peakni/z= 812). The trimer
55c appears as red oil and its identification is dmged on MALDI-TOF mass spectrometny/

= 1218). Both compoundsb5b and55c are stable under ambient condition without pradect

from light and air.
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Figure 2-9.MALDI-TOF mass spectrum di5a(left) and55b (right).

2.2.4.5. NMR spectra

Figure 2-10 showsH-NMR spectrum of5aat room temperature. There are a pair of doubtets f
the benzene protons (AA"XX"), a pair of multipléts the anthracene protons, a pair of doublets
(AA"XX") for the cis olefinic protons between benzene and anthraceitie amd a singlet for the

cis olefinic protons between two benzene rings. Tlieda indicateC,, symmetry for55a
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Figure 2-10."H-NMR (500 MHz, CDCYTMS) spectrum o65a

The number of observed signals in tfi@-NMR spectrum oB5aare in agreement with the number

of carbons in the molecule. By using HSQC and COBAR techniques, it was possible to assign
the olefinic carbons di5a Thus, chemical shifts for thets double bonds between the benzene and
anthracene units are 135.6 and 129.4 ppm whilenida¢ shift for thecis-double bond between

two benzene rings is 132.7 ppm.

To compare experimental and theoretical data, hieeretical NMR spectrum was calculated by
employing GIAO methodology at B3LYP/6-31G(d) [e¥é1®! Geometry of crystal structure was
applied in NMR calculation without any optimizatiodnlike, the experimental spectrum which
shows a simple structure with, symmetry, the calculated spectrum is more comgdaThis
difference could be interpreted by lack of symmatrgrystal structureGs). Thereby, the average
theoretical 'H-NMR chemical shifts listed in table 2-4. The wesubetween theoretical and

experimental show an acceptable agreement.
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55a

Table 2-4.Computed and experimental tH-NMR chemical shifgn{) for monomeb5a

nﬁtrzrt;ler Chemical shifts (ppm)
Theoreticdl Experimental
H-1 6.48 6.59
H-2 6.13 6.25
H-3 6.36 6.44
H-4 7.23 7.28
H-5 7.50 7.49
H-6 8.11 8.16
H-7 7.37 7.46

@Average values

Figure 2-11 shows a simpfél-NMR spectrum of55b at room temperature. There are a pair of
doublets for the benzene protons (AA"XX"), a pdirmultiplets for the anthracene protons, a pair
of doublets (AA"XX") for thecis olefinic protons between benzene and anthraceiis and a
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singlet for thetrans olefinic protons between two benzene rings. Theda thdicate to aZ,Z,E),

isomer of55b with C, symmetry.

ppm (1)

Figure 2-11."H-NMR(500 MHz, CDCYTMS) spectrum 0B5b.

'H-NMR spectrum oB5cat room temperature shows a broadened peak in &icorgion.

2.2.4.6. UV-Vis spectra

The absorption spectra 86a 55b and 55c are shown in figure 2-12. The compounds show a
similar strong absorption around 263 nm. The speatound 400 nm are concernedrtbond
absorption which shift to longer wavelength regwith an increase in size of rings5a < 55b <
55¢).1™
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Figure 2-12.UV-Vis spectra ob5a(dotted line) 55b (dashed line) an85c (solid line) in CHCI,

2.2.4.7. X-ray analysis d&b5a

Fine needle-like crystals &bawere obtained from a GBl,/hexane solution by slow evaporation

of the solvent. According to the crystal structtine three double bonds lie approximately in a

plane. The phenyl rings are twisted by about 5@F the anthracene unit about 90° with respect to

the average plane through the three double borigaré~2-13). A cyclic conjugation of the aryl

units and the double bonds, therefore, is not ptessihe unit cell contains 8 molecules in which

four central molecules overlap same molecules flajacent unit cells in an edge to edge

interaction. Therefore, the crystal possesses opannels that result from the regular arrangement
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of the molecules. While, such channels were noemesl for four side molecules respect to those

of four central molecules .

Figure 2-13.ORTEP representation of crystal struct@®a a) Molecule o654 b) and c) Views on the

molecular packing.

The theoretical studies predict similar structuagameters of monoméba Full optimization of
geometry has been carried out at the B3LYP/6-31@{djure 2-14). Table 2-5 lists the theoretical
structure parameters &ba compared to those of X-ray analysis. There is adgagreement
between the calculated and the X-ray values.
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Figure 2-14.0Optimized structure di5a

Table 2-5. Comparison of calculated and X-ray geometrieahdor55a

B3lyp/6-31G(d) X-ray
Twist angles of benzenings [°° 48.24 50.65
Twist angle of anthracene unit]°] 89.87 91.30
Olefinic bond length [A] 1.348 1.330
Olefinic bond angle [A] 124.660,), 126.396-), 124.320,), 124.656,),
125.3903) 123.9603)

#Average valueg.Average plane with respect to the three doublabon

The structure o0b5b could also be determined by X-ray analysis. X-caystallographic analysis
shows thats5b hasC; (almostD,) symmetry. The benzene rings are twisted abouarf the
anthracene units are twisted 90° with respect & ahverage plane through the fatis double
bonds. The T-type structure of unit cell containm&ecules together with 4 molecules of i

solvent.
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Figure 2-15.0RTEP representation of crystal structuresdh: a) Plane view b) Side view and c) View on
the molecular packing.
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2.2.5. Synthesis and properties of cyclophanes 56hd 56¢

2.2.5.1. Synthesis

The paracyclophanésb and56cand the unexpected ring open compobfd-bas unknown
cyclophanes were synthesized using the McMurry lnogf syn(Z,2)-1,4-bis[(9-ethenyl-10-
formyl)anthracenyllbenzen&3a (Figure 2-16)

Figure 2-16.Products of the McMurry coupling d3a

Using the same approach and similar conditions,elvew the main products were the dirbéb

and the unexpected open ring compobid-b as well as trimeb6c¢ which was formed in lower
yields. Probably, the open ring compoubia-b is a decomposition product of monontfa-a
which was formed because of the sterical hindrdvetereen the two opposed anthracenes as shown
in the molecular structure.

The maximum yields for dimés6b and trimers6cin the toluene/DME (1:1) solvent mixture are 14

% and 2 %, respectively.
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TiCl4-Zn(Cu)
0 56a-b(8%) + 56b (14%) + 56¢(2%)
DME, toluene

X
< ___>—CHO
e

\\

43a

/AN

N

56a-a

Scheme 2-17Synthesis of newn]-para-cyclophanes ob6b and56¢

2.2.5.2. Physical properties

Cyclophanes6b, an orange solid, is fairly stable in air. Puation on silica gel does not lead to
decomposition. Its molecular ion peak is observesh/a= 1012 in MALDI-TOF mass spectrum.
The trimer56c¢ could not be separated by flash column chromatdytalps identification is only
based on MALDI-TOF mass spectrometny/4= 1518). The structure &ba-bis clearly supported
by the spectral data. Also, Cl mass spectrum shbesorresponding molecular ion peai/£ =
562).
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Figure 2-17 .MALDI-TOF mass spectrum di6b (left) and56c¢ (right).

2.2.5.3. NMR data

The structure of dimeb6b could be assigned by *H and 3C-NMR spectra dagure 2-18
presents théH-NMR spectrum of56b at room temperature in GDl,. Number of independent
hydrogens in the structure are in a good agreemsatht number of signals in théH-NMR

spectrum.
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Figure 2-18."H-NMR (500 MHz, CDCY/TMS) spectrum 056b.

The *H and ¥C-NMR spectra support the structurgSafb, clearly. The 1H-NMR shows a doublet
for the methyl protons in the aliphatic region @ fApm), a quartet for theis olefinic protons
connected to the methyl group, a pair of doubl&&s”XX") for the cis olefinic protons between
anthracene and benzene units, a singlet for theenenprotons, a doublet for the olefinic protons

connected to the anthracene unit and two multif¢etthe anthracene protons.

_JJLJu J J

a0 an 7o 6.0 a0 4.0 3n 20

Figure 2-19.'"H-NMR (500 MHz, CDCYTMS) spectrum o56a-b.
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'H-NMR spectrum oB6cat room temperature shows a broadened peak in toomgion.

2.2.5.4. X-ray analysis d&6b

The red cube-like crystals 66b were obtained from a benzene solution by slow eratjfopn of the
solvent. The crystal structure are surrounded veglveral benzene molecules. The unit cell
containes 6 independent molecule units togethen sétveral benzene molecules. Two of these
independent structures have the Mdbus topologyotmets accepted the Huckel topology.

Based on a prediction by Heilbronfférmnnulenes with the topology of a Mobius shouldstable

if they contain #, rather than #+2, 1t electrons. The first experimental example of Rlddanulene

1% Other recent

derivative with a Mobius twist, was synthesized asdlated by Herge®t a
interesting examples are pibenzihexaphyrin and mesearyl-subsitituted
[28]hexaphyrins(1.1.1.1.1.1) reported by Latos-@naki et al®® and Atsuhiro Osukat al®’ that
exhibit M6bius topology.

Herein we reported the synthesis of single (Mobarg) double twisted (Hiickel) [36]annulene. All
strips with an even number of 180° twists shoultbfo the Hickel rule and all bands with an odd
number of twists are Mobius systeffisThe structures of the single- and double twistesniers
were confirmed by X-ray analysis (Figure 2-20). Timét cell included three pairs of enantiomers.
Two pairs are almost identical and double twistad Aence Hickel. One enantiomeric pair is

singly twisted and thus has Mobius topology.
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Figure 2-20.a) X-ray structures of the single twisted Mdbiasl she double twisted Hlckel isomer of a

[36]annulene. b) view on the unit cell.

2.2.6. Synthesis and properties of cyclophanes 5@a57b and 57c¢
2.2.6.1. Synthesis

Another new set of cyclophanes containifiga-a 57b, 57c and also unexpected ring open
compound57a-b were synthesized by the McMurry coupling syin-(Z,4-1,4-bis[(9-ethenyl-10-

formyl)anthracenyl]naphthale®8b as shown in figure 2-21 and scheme 2-18.
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Figure 2-21.Products of McMurry reactiof3b.

Using the same approach and similar conditions,edif¥b was formed in higher yield in
comparison with the lower yield of trimé7¢c monomel57a-aand the open ring compoubda-b.
Compoundb7a-bis a decomposition product of compowsith-g formed as outlined discussing of
compoundb6a-a But, compared to the decompositiorbéf-a this was not 100%. Probabl7a-

a has a more stable molecular structure HGa-a
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_—<__>—CHO

TiCl;-Zn(Cu)
57a-a(7%) + 57a-b(8%) + 57b(9%) + 57c(2%)
DME, toluene

<___>—CHO

43b

Scheme 2-18Synthesis of newn]-para-cyclophanes ob7a-a 57b, 57¢

Scheme 2-19The ring opening o57a-aunder reflux condition.

As already mentioned, intermolecular coupling sgas for the synthesis of higher cyclic
oligomers are favored under the high concentratiohshe dialdehyde and increased toluene
concentration in the solvent mixture (toluene/DME1). The maximum yields for dimé&i7b and

trimer57cin the toluene/DME (1:1) solvent mixture are 9 % @76, respectively.

2.2.6.2. Physical properties

The structure of57a-ais clearly supported by thEMR spectral and X-ray data. The Cl and
MALDI-TOF mass spectra show the corresponding madécion peak fi/z = 456). Compound

57a-aappears as yellow crystals and is stable undererhbondition for several month without
protection from light and air,.
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Cyclophanes7b, an orange solid, is fairly stable in air. Puation on silica gel does not lead to
decomposition. Its molecular ion peak is observeoh/a= 1113 in MALDI-TOF mass spectrum.
The attempts to purify trimes7c from dimer57b by flash column chromatography and even by
analytical HPLC failed. Its identification is onbased on MALDI-TOF mass spectrometmny/t =
1669). Both compound$,7b and57¢ are stable under ambient condition, without prod@ from
light and air. The structure &f7a-bis clearly supported by the NMR spectral data. Muoeg, the

Cl mass spectrum shows the corresponding molemrgreak (n/z= 612).
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Figure 2-22 .MALDI-TOF mass spectrum d7b (left) and57c(right).
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2.2.6.3. NMR data

Figure 2-23 showsH-NMR spectrum of57a-a at room temperature. khows a pair doublets
(AA"XX") for the cis olefinic protons between anthracene and naphtbaleits and a singlet for
the cis olefinic protons between two anthracenes uniteséhdata indicate @, symmetry for its

structure.

T T T T T T T T T T T T T T T T T T T T T T T T T T
.50 5.00 750 F.00 .50 .00
pRm (1)

Figure 2-23."H-NMR(500 MHz, CDCYTMS) spectrum ob7a-a

The number of observed signals in tHE-NMR spectrum of57a-a are in agreement with the
number of carbons in the molecule. Using HSQC a@B¥-NMR techniques, it is possible to
assign the olefinic carbons 6f7a-a Thus, chemical shifts for thas double bonds between the
anthracene and naphthalene units are 130.4 and pp#h, while chemical shift for thas double

bond between two anthracene units is 134.2 ppm.

The theoretical NMR spectra for compourtifa-a was constructed by employing GIAO
methodology at B3LYP/6-31G(d) levéf:*® Geometry of crystal structure was directly applie
NMR calculation without any optimization. The exjpeental spectrum shows a simple structure
with C, symmetry in comparison with the complicated calted spectrum. This difference is due
to Cs symmetry of crystal structure. Table 2-6 summaritieel experimental and the average
theoreticaH-NMR chemical shifts. The values show an acceptagreement.
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57a-a

Table 2-6.Computed and experimental *H-NMR chemical shiffzf) for monomeb7a-a

Atom number Chemical shifts (ppm)
Theoreticdl Experimental
H-1 8.05 8.03
H-2 8.16 8.22
H-3 7.16 7.07
H-4 7.05 7.01
H-5 7.76 7.79
H-6 7.39 7.54
H-7 7.53 7.40
H-8 5.81 5.71
H-9 7.71 7.87
H-10 7.30 7.36

“Average values.
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Figure 2-24 presents thel-NMR spectrum of57b at room temperature. The spectrum is more
complicated than expected for a single isomer. &by it considers three configuratioridZ( EE
and EZ) of the double bonds between two anthraceneseansthucture of the ring. Attempts to

separate the different stereocisomers failed.

8.530 g.00 7.50 .00 6.50
ppm (1)

Figure 2-24.'"H-NMR (500 MHz, CDCYTMS) spectrum o57b.

The structure of the opening compol¥th-b could be assigned by *H- and 3C-NMR spectral.data
The *H-NMR shows a doublet for the methyl protamshie aliphatic region (2.20 ppm), a quartet
for the cis olefinic protons connected to the methyl grouma#r doublets (AA"XX") for thecis

olefinic protons between anthracene and naphthalaits, a singlet for the naphthalene proton, a



66 Synthesis of anthracenophanes

doublet for the olefinic protons connected to theheacene unit and other signals for the

anthracene and naphthalene protons.

WMo ko -

a0 g.0 7.0 g.0 a0 4.0 30 20

Figure 2-25."H-NMR (500 MHz, CDCYTMS) spectrum o57a-h,

2.2.6.4. UV-Vis spectra

Figure 2-26 shows the UV-Vis spectra ®7a-a and 57b. The comparison of the spectral data

reveals only minor differences with respect to #tesorption maxima. Both compounds show a

strong absorption around 254 nm. Tiond absorptions around 400 nm in compobid is

shifted and broadened to longer wavelength. Thadably due to an increase in the size and the

planarity and consequently, a better conjugatiathénring structuré&®
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Figure 2-26.UV-Vis spectra ob7a-a(dashed line) an87b (solid line) in CHCI,.

2.2.6.5. X-ray analysis

The anticipatedC,, symmetrical structure ob7a-a was confirmed by X-ray crystallography
analysis (Figure 2-27). The yellow spicular crystaiere obtained from a G8l,/hexane solution

by slow evaporation of the solvent.

In the cone-shaped crystal structure, the naphibalait is twisted about 58° and the anthracenes
units about 90° with respect to the average pléwneugh the three double bonds. The average
cavity size between each aromatic ring and the sippalouble bond is amounted to 6.5 A. The

crystal packing includes 4 molecules.
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B \\

Figure 2-27.ORTEP representation of crystal structéiéa-a a) molecule ob7a-a b) and

c) views on the molecular packing.

A DFT calculation at B3LYP/6-31g(d) level was perfed on compound7a-ato find the
optimum geometry. The calculated structure showgralar conformation compare to the X-ray
structure (Figure 2-28). According to table 2-7 ttalculated data are in a good agreement with
those of the X-ray analysis. The only remarkabsemipancy between calculated and X-ray values
is the twist angle of the naphthalene unit.
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Figure 2-28.The optimized structure &f7a-a

Table 2-7. Comparison of calculated and X-ray geometricth dar 57a-a

B3LYP/6-31G(d) X-ray
Twist angles of naphthalene unitT’] 53.82 58.33
Twist angle of anthracene units°] 95.72 97.35
Olefinic bond length [A] 1.344 1.327
Olefinic bond angle [A] 125.820,), 124.960,), 124.300,), 123.450,),
124.8705) 123.0603)

aAverage valueg. average plane with respect to the three doubleson

2.2.7. Synthesis and properties of cyclophanes 58hd 58c

2.2.7.1. Synthesis

Unique cyclophane&8b and 58c which contain only anthracene units in their stnues, were
synthesized by the McMurry coupling of syn(Z,2)-9,10-bis[(9-ethenyl-10-



70 Synthesis of anthracenophanes

formyl)anthracenyl]lanthracemc, as shown in figure 2-29 and scheme 2-20. Unforalpathe
ring open compoun88a-bwas only found instead of mononts8a-awhich has a high symmetry

structure.

Figure 2-29.Products of McMurry reaction df3c

Using the same approach and similar conditions,elvew the main products were the dirb8b
and the unexpected open ring compolw&-b. Trimer 58c was formed in lower yield. As
explained before, the open ring compouseb-b is probably, a decomposition compound of

monomers8a-a

TiCl~Zn(Cu)
»  58a-h(4%) 58b(7%) 58c(1%)

DME, Toluene

43c

Scheme 2-20Synthesis of newn]-para-cyclophanes 058b, 58c, 58a-b
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Scheme 2-21.The ring opening dd8a-aunder reflux condition.

The DFT calculation of the monom&8a-aat B3LYP/6-31g(d) level predicted@sq symmetrical
structure as the global minimum. According to ttracture, the anthracene units are twisted about
90° with respect to the average plane throughtiteetdouble bonds. The comparison between the
yields of the three monomer$5a (32%), 57a-a (6%) and58a-a (0%) formed under similar
conditions using the McMurry reaction, shows clgatat increasing anthracene units in the
structure of the monomer lead to increasing inBtgbAs already mentioned before, this instability
is the consequence due to sterical hindrance battireetwo opposed anthracenes in the molecular

structure.

a b

Figure 2-30.The optimized structure of mononts8a-ain two views a)top view. b)side view.
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By varying the concentration of dialdehyde and eoke, similar effects mentioned in before, were
observed in this reaction. Anthracenophanes dib8arand trimer58c are both stable in solution
and solid state at room temperature under inert Has maximum result obtained for din&sb,
trimer 58c and 58a-b under optimized conditions are 7 %, 1 % and 4%peaedvely. However,
these novel cyclipara-anthracenophanes could be valuable precursorshéisynthesis of the

fully conjugated molecular belt, which isthe overall target molecule (chapter 1, page 2).

2.2.7.2. Physical properties

Cyclophanes8b, a red solid, is unstable in the presence ofRairification on silica gel lead to
decomposition. Therefore, purification was perfodni®gy flash column chromatography on the
neutral silica gel (using 1 ml triethylamine to gt acid conditions of silica gel) under inert gas
Its molecular ion peak is observed rafz = 1212 in MALDI-TOF mass spectrum. The NMR
spectrum of compoun88a-b clearly supports the structure of an opening comgol mass
spectrum of the open ring compou&8a-b shows the corresponding molecular ion peakzE
662).
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Figure 2-31.MALDI-TOF mass spectrum of mixeaBb.

2.2.7.3. NMR spectra

The'H-NMR of dimer58b shows a broadened and complicated spectrum whatsaply indicates

a mixture of stereoisomers. The structure of thenopng compound8a-b could be assigned by
'H-NMR spectrum. It shows a doublet for the methyltpns in the aliphatic region (2.26 ppm), a
quartet for thecis olefinic protons connected to the methyl grougsiralet for thecis olefinic
protons between the anthracene units, a doubléhéoolefinic protons connected to the anthracene

unit and other signals for the anthracene protons.
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Figure 2-32."H-NMR (500 MHz, CDCYTMS) spectrum 058a-h,

2.2.7.4. UV-Vis spectra

Figure 2-33 shows the UV-Vis spectra5dib, 56b, 57b, 58b. No significant bathochromic shifts of
the longest absorption are observed for them. While rebond absorption around 400 nm are
shifted and broadened to longer wavelength regith an increase in the number of anthracene
units 65b < 56b < 57b < 58b). It is probably, due to the increase of rigidifythe molecule&”
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Figure 2-33.UV-Vis spectra o65b (solid line),56b (doted line) 57b (dashed line)58b (dashed doted
doted line) in CHCl..

2.2.8. Anisotropy of current induced density (ACID)

The ACID (Anisotropy of current induced density)is applicable method to explain the electronic
structure of conjugated systems and visualizeslémsity of delocalized electrdts *°% (both z-
electrons and@-electrons). Figure 2-34 exhibits the ACID plots5&a and57a-a At the standard
isosurface value of 0.05 the delocalized systenud®ss all bonds. The extent of the conjugated
system can be quantified by giving the criticalsisdace value (CIV), the lowest ACID value in
space between two interacting units. The monobd@rhas a CIV of 0.06 (between the double
bonds and the adjacent anthracene units), whildwr than the value of benzene (CIV = 0.0739).
The value for monomes7a-ais 0.056 (between the double bonds and the adjacghtacene and
naphthalene units) which is much lower than theealf benzene, but still strong enough to speak
of a considerable electronic conjugation in botltheim.
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55a 57a-a

Figure 2-34.ACID plot of monomeb5aand57a-aat an isosurface value of 0.05 at B3LYP/6-31g%®lev
of theory.

2.2.9. Nucleus independent chemical shift (NICS)

In 1996 Schleyer et &% proposed a new magnetic criterion for aromaticiéy:nucleus-
independent chemical shift (NICS) which is defirexithe negative if the magnetic shielding at
some selected point in space, e.g. at a ring celmteyeneral, negative and positive NICS values
denote aromaticity and antiaromaticity, respecyivebr example, the NICS values at the center of
the highly aromatic benzene is ca. -10. For thalligntiaromatic cyclobutadiene (small variations
depending on the theoretical level) it is ca. 28thHe case of nonplanar molecules [8&s 57a-a
and [2.2.2] paracyclophene, several point candimeld as the center of the ring. Therefore, only
approximate NICS values can be given. As expedtexte aromatic 4n+2-electron compounds
show all negative NICS values ([2.2.2] paracyclophg-5.6), 55a (-6.8) and57a-a (-9.2)).
Introducing anthracene units in the structure & timg compounds, the NICS values increase,
remarkably. The abnormal proton chemical shiftfese aromatic compounds, compared to the
benzene proton (7.34 ppm), confirms the ring curedfects. The upfield chemical shifts of the
benzene protons locat@aside the aromatic belts ([2.2.2paracyclophane55a and57a-g are in

good agreement with the NICS values (Figure 2-35).
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[2.2.2)aracyclophene 55a

57a-a

Figure 2-35.The upfield chemical shifts of the benzene prowi®.2.2] paracyclophan&baand57a-a

locatedinsidearomatic belts.

2.2.10. Conclusion

The width of belt in cyclic-oligoarylacetylene cdube extendedby introducing anthracene units.
The Oda, Kawase, Darabi method to prepare cydireaphenyl and naphtyl-acetylenes fails if
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anthracene units are used. Therefore, it was eakémtdevelop and optimized a new strategy to
synthesize cycligara-anthrylethylenes, which can be used as precuisorsbelt-like aromatic
compounds.

Finally, a general method was developed to afforseaof new cyclophane using Sonogashira
coupling and palladium catalyzed hydrogenationtreas. The ring closure was performed using
McMurry reaction. The synthesis was accomplishedte built up of several new compounds the
first cyclophanes containing anthracene units. Bueheir more suitable ring size, the higher
cyclic-oligomers dimeb5b, 56b, 57b and58b, as well as trimeb5¢ 56¢ 57c and58¢ could be
applied as precursor for the synthesis of belt-fikematic compounds. The accomplished synthesis

approach offers a general pathway to buildn}gpara-arylcyclophane.
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Chapter 3: The belt-like conjugated systems
3.1. Synthesis of cyclic[6para-anthrylacetylene: [6]-CPAA

3.1.1. Introduction

Prior to the discovery of fullerenes, belt-like payated systems with p-orbitals aligned
perpendicular to the surface of the cyclic moietiese regarded as attractive synthetic targets.
Attempts to synthesize several model compounds hatlklike conjugation such as cyclacenes,
benzoannulenes, picotubes and cynligiara-phenylacetylene have been repo&d. These
molecules are of great interest. No only from timetisetical and theoretical point of view, also as

host molecules having a well-defingelectron cavitie€!” **°!

Another class of molecules similar to cydtigpara-phenylacetylenes if[-CPPA) are the cyclic-
oligomers of anthrylacetylene namely cyadliepara-anthrylacetylene (CPAA). According to
the theoretical calculations (PM3) these compourale a smooth belt-like structure, similar to a

cut piece of a carbon nanotube.

Figure 3-1.Semiempirical (PM3) calculatedructure of cyclic [6]para-anthrylacetylene, [6]-
CPAA in two views a)top view. b)side view..



80 The belt-like conjugated systems

The cavity size of [6]-CPAA is identical to that []-CPPA (13.14 A), but the cavity is deeper
than that of [6]-CPPA. It is reasonable to belidvat the deeper cavity of]fCPAA will allow for
more stable complexes with fullerenes. Therefotbese novel substances were attempted to

synthesize.

Figure 3-2.Semiempirical (PM3) calculatedructure of an onion-type complex ofy@ith [6]-CPAA in
two views a)top view. b)side view.

3.1.2. Recent synthesis challenges toward strainegicloalkynes

The challenges confronting the synthesis of stchtyeloalkynes have been discussed in chapter 1.
One of the most valuable approaches to these suestanvolves halogenation-dehalogenation of
the corresponding cycloalkenes. Several examplgsrépare strained compounds utilizing this

method are known in literature.

3.1.2.1. Synthesis of [2.2]-tolanophaé@

Vogtle et al'® in 1992 and Odat al*®! in 1993 reported the synthesisédfby bromination and
dehydrobrominatio®9 in THF solvent.
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\ —
O moe A )
O O 2) t-BuOK, THF, r. O O

59 60

Scheme 3-1Synthesis 060 by bromination and dehydrobromination.
The strain of the triple bonds in this moleculelisarly reflected in its°C-NMR spectrum and X-

ray crystallographic dat&’¥

3.1.2.2. Synthesis of [3- metacyclophantetrayné2

In another work, Odat al prepared compoun@2 by using the same approach and similar
conditions'°®!

1) Brz, CHC|3

2) t-BUOK, THF, r.t. ‘

g =0

61 62

Scheme 3-2Synthesis 062 by bromination and dehydrobromination.
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The *C-NMR spectrum and X-ray crystallography data dleahow the existence of strain in the
triple bonds 062.1%!

3.1.2.3. Synthesis of [6]-CPP@$, [8]-CPPA66 and [6]-CPNA6S

In 1996, Odaet all®!! synthesized the belt-like conjugated molec@®snd66 in excellent yields
(85%) by bromination and dehydrobromination cyclapést3 and64.

1) Br,, CHCL
2) t-BUOK, THF, r.t.

63 (n=3) 65 (n=1)
64 (n=5) 66 (n=3)

Scheme 3-30da, Kawase, Darabi method to synthe§ileCPPA

According to their reports, the obtained compouaidssensitive to oxygen both in solution and in
solid state, but fairly stable under inert gas aphere.

In 2006, using the same approach and similar comdit they also prepared cyclic[para
naphthylacetylene ([6]-CPNA8.
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Scheme 3-40da, Kawase, Darabi method to synthef#eCPNA.

Compound68 is sensitive to acid and oxygen though in solidrfat is stable enough to be stored
in a refrigerator over a day. The low yield (2.8 #)comparison with that of CPPA (85 %)
indicates an increase of strain relative to complda

In view of the successful formation and fair stépibf these synthesized compounds under basic
conditions in spite of sizeable strain, it is expécthat the targets of this work, theg-CPAA
containing anthracene units as well as their devea (CPPA and CPNA) could be synthesized in

a similar way.

3.1.3. Synthesis of cyclic [6] and [9para-anthrylacetylene 69 and 70

In the course of this thesis, bromination &b and 55c with an excess amount of bromine in
chloroform at 0 °C afforded the brominated compaunWithout any purification, the brominated
solid were used for the next step. Dehydrobromamatif compounds with 24 equivalenttBuOK

in diethylether at 0 °C under inert gas atmosphéierded69 and70 in fairly good yields.
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Bry, CHCkL  t-BuOK, diethylether
0°C i

55b (n=1)
55c (n=2)

69 (n = 1), 40%
70 (n = 2), 35%

Scheme 3-5Synthesis of [6] and [9]-CPAA9 and70 by bromination and dehydrobromination reactions.

Attempts to purify the crude compounds by silicad gharomatography failed led to slow
decomposition 069 and 70. Since the target molecules have a low solubihitydiethyl ether,
purification is based on filtration and washing firecipitate with diethyl ether. By dissolving the
precipitate in CHCIl, and separating through short (1cm) silica gel moluchromatography, [6]
and [9]-CPAA69 and70were isolated as a red solid and a yellow soéidpectively.

3.1.3.1. Physical properties

The structure of CPAA9 is clearly supported by spectral data. MALDI-TORS® spectrometry
shows the corresponding molecular ion peakz& 800) as a major product, besides trace amounts
of additional signal ri/z =1600). Since dimeb5b was only used in the bromination and
dehydrobromination, the additional signal propas§$+4]-cycloaddition reaction @9 under laser
irradiation in MALDI-TOF measurement.
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Figure 3-3 .MALDI-TOF mass spectrum d9.

[4+4]cycloaddition

hv

Scheme 3-6The proposed [4+4]-cycloaddition reaction6®&under laser irradiation in MALDI-TOF

measurement.
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The structure of CPAA/O is also supported by spectral data. MALDI-TOF msagectrometry
shows the corresponding molecular ion paakzE 1200).
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Figure 3-4. MALDI-TOF mass spectrum of0.

The [6] and [9]-CPAAG9 and 70 are sensitive to oxygen both in solution and sstates but fairly
stable under inert gas atmosphere where it graddattomposes during a month.

Another physical property of these ringing produstgheir bright color under UV lamp (365 nm).
The fluorescence property 069 and 70 compare to their olifinic precursors indicate aycl
conjugation over the whole molecule (figure 3-5).
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1)Bromination 1)Bromination

2)Dehydrobrominati5 2)Dehydrobrominati5n

55¢

Figure 3-5.Observed optical property aompound$9 and70 under UV lamp (366 nm).

3.1.3.2. NMR data

The simple NMR spectra of CPAB9 strongly support the structure proposed in thiskv®heH-
NMR spectrum 069 shows a pair of the doublets for the benzene psotdA XX") and a pair of
the multiplets for the anthracene protons. Ti@NMR spectrum shows three different signals for
sp carbons (111.31, 105.97, 97.31 ppm). TheseinditzateD,, symmetry for69.

5.50 §.00 7.50 7.00
pRm 1]

Figure 3-6."H-NMR (600 MHz, CDCY/TMS) spectrum o69.
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Figure 3-7."*C-NMR (150.9 MHz, CDGITMS)spectrum 069.

Figure 3-8 show$H-NMR spectrum of70 at room temperature. Apparently, a pair of doublets
the benzene protons (AA’XX") and a pair of multipléor the anthracene protons in 7.60 ppm

overlap. These data indicdbg, symmetry for70.

850 8.00 7.50
ppm (1)

Figure 3-8."H-NMR (600 MHz, CDCYTMS)spectrum of0.
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Table 3-1 lists the NMR data of [6] and [9]- CPA® and 740 together with that of their acyclic
homologue.'H-signals of aryl units are shifted to upfield widn increase in the strain of
compounds &aeyciic > Sj9 > Spe), it is because of out of plane deformatibi@-signals of ethynyl
carbons are shifted to downfield, with an incre@astae strain of compoundsagyciic < dj9) < djg)), it

is because of rehybridation s towardssf.

Table 3-1 ObservedH and™*C chemical shift for [6] and [9]-CPA&9 and70and their acyclic

homologue.
Number of atom  dacyciic 0.6] 9.[9]
H-1 7.70 7.56 7.62
H-2 8.75 8.51 8.59
H-5 7.83 7.47 7.60
H-6 7.49 7.35 7.47
C-3 103.56 111.31 -
C-4 86.97 105.97 103.90
C-7 - 97.31 94.02

3.1.3.3. UV-Vis and fluorescence spectra

Figures 3-9 and 3-10 show absorption spectr@9aind 70 together with their olefinic precursors
55b and55¢ respectively. The UV-Vis spectrum of compoundsveglsimilar absorption maxima.
The longest wavelength absorptions exhibit a bdtrwuic shift of about 60 and 40 nm in
nanorings69 and70 as compare to the olefinic precurséib and 55¢ respectively. It probably

indicates better conjugation in nanorirfggand70.
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Figure 3-9.UV-Vis spectra ob5b (doted line)69 (solid line) in CHCl..
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Figure 3-10.UV-Vis spectra ob65c(doted line),70 (solid line) in CHCI..
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Figure 3-11 shows fluorescence spectr&@®and 70. Fluorescence spectra exhibit broadening and
bathochromic shift about 100 nm with decrease efrihg size. It could be a consequence of

increased strain and rigidity.

600 -
500 -
400

300

Intensity

200 <
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400 500 600 700 800
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Figure 3-11.Fluorescence spectra od (solid line),69 (doted line), in CHCl,.

3.1.3.4. Anisotropy of current induced density (8¢°%1

Figure 3-12 exhibits the ACID plots 60 at an isosurface value of 0.044. The critical ustzxe
value (CIV) of the cyclic conjugation over the whaaholecule is found between each triple bond
and aryl unit at a value of 0.045. It is much lowean the value of benzene (CIV=0.0739) but still

strong enough to speak of a considerable electammijigation.
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Figure 3-12.ACID plot of 69 at an isosurface value of 0.044 at B3LYP/6-31C€dg! of theory.

3.1.4. Synthesis of cyclic [Gpara-anthrylacetylene 72a

Using the same approach and similar conditionsnake preparation dd9 and 70, the nanoring
72a could not be obtained. Instead, the reaction déidran instable product which gradually

decomposed during the reaction at room temperatuaer inert gas atmosphere.
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Bry, CHChL t-BuOK, diethylether
- - 71a

0°C

Scheme 3-7Attempted bromination and dehydrobromination rieacof 56b.

Attempts to purify the crude compound by flash chatography and analytical HPLC failed,
therefore its identification is only based on MALDOF mass spectroscopy. According to the
MALDI-TOF mass spectrum, the observed mass fonhe product isn/z= 1004, corresponding
to the molecular formula §gH44 (expected foi72a CgoHs4: m/z= 1000). The proposed hypothesis
for this difference is an incomplete brominatioaaton in the first step of scheme 3-7 with regard
to the obtained result of the bromination reactibris-1,2-bis(9-anthryl)ethylen27 as mentioned

in section 2.1.2. (Scheme 2-4). Due to stericatltsince between the two opposed anthracenes, the
bromination might have happened selectively ondtieer four sites, leaving two double bonds
intact. Following dehydrobromination then would Igiecompound 72b with the observed

m/z= 1004, as proposed in scheme 3-8.
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t-BuOK, diethylether

0°C

72b

Scheme 3-8Proposed mechanism for bromination and dehydroioration reaction 056b.

The four smaller peaks in figure 3-13 can readdyeliplained as side products from an incomplete
dehydrobromination still containing HBr equivalents (n=1-4). Increasing the basicifytle t-
BuOK by adding crown ether under otherwise idehtoaditions of scheme 3-7 did not lead to the
formation of the desired product. Instead the ieaanixture decomposed and a brown, insoluble
polymeric material was obtained. The same happenmkdn using different solvents (THF, DME
and toluene) without crown ether. Attempts to sgsthe compound2a by a chlorination and
dehydrochlorination reaction led to the same regalb.

Future work should focus on improving the bromioatconditions of cyclophar&b in scheme 3-

8.
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Figure 3-13.MALDI-TOF mass spectrum of resulted product of ddfmpromination ob6b.

3.1.4.1. Physical properties

The red solid cyclophané2b shows a good solubility in dichloromethane andinstable in the
present of air and silica gel. Attempts to purifie tcrude compound by flash chromatography and

even by analytical HPLC failed.

3.1.4.2. UV-Vis spectra

Figure 3-14 shows the UV-Vis spectradfib, 71b and72b. The week band at 400 nm existing in
56b has almost vanished idlb. This corresponds to the loss of conjugation owWer ring.
Compound72b shows broadening and a bathochromic shift aboun®@5compare to olefinic

precursor56b. But, the bathochromic shift is significantly legdgan that of compoun@9. It is
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probably due to worse conjugation of theelectron in the structure of2b, induced by the

remaining double bonds. 405

3.0 -

Loge

250 300 350 400 450 500 550

A/nm

Figure 3-14.UV-Vis spectra o66b (dashed line)71b (solid line)and72b (doted line) in CECl,.

3.1.5. Conclusion

The halogenation and dehydrohalogenation reactbb&b, 55c and56b as a simple and efficient
access to belt-like aromatics were extensively stigated. The expected products of these
reactions are cyclic [6] and [@lara-anthrylacetylenes which could be very importateimediates

in the rational synthesis of carbon nanotubes. @asesemiempirical (PM3) calculations, see table
1-1, compounds9, 70 and 72a should be accessible to synthesis. In the courdki®work the
synthesis of the conjugated molecular bé8 and 70 were done for the first time and

unambiguously identified byH, *C-NMR and MALDI-TOF mass spectroscopy. Despite the
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calculated strain energy @gRa being fairly lower than those 069, 67 [6]-CPPA and70 [6]-
CPNA, all attempts to prepare this compound failedtead a different compour®b could be
obtained, which also shows a highly interesting-bleape. This is probably due to the increased
sterical hindrance in the precurdggb induced by the additional anthracene units whickenthe
double bonds inaccessible to halogenation undecdhditions applied in this work. Experiments

to circumvent these problems are in progress.



98 Summary

Chapter 4: Summary

Today, nanotechnology has found a great interesesearch areas of different scientific fields.
Indeed, nanoparticles and nanodevices possess melwv peomising properties for many
applications. Synthesis chemistry provides acaessith nanometer sized system because it allows
a construction atom by atom. A rational synthesicarbon nanotubes was therefore proposed
using the conjugated molecular belts as precurddns. study was aimed at taking the first steps
toward this ambitious goal. Despite the effortsyathesize all kinds of cyclipara-arylacetylene,
cyclic-para-anthrylacetylenes have remained unknown to date.\Whtig coupling as a frequently
used method for the synthesis of cyclophanes, wasapplicable due to sterical hindrance in the 9
and 10 positions of anthracene.

CH2PPh3 Br-

* * Wlmg -

CH,PPh;*BR"

CH,PPh3*Br

H
O Wittig reaction /
——

Scheme 4-1The attempted Wittig reaction for synthesis ohaatenophanes.

The Oda, Kawase, Darabi method to prepare cydiaphenyl andpara-naphthylacethylenes

failed if anthracene units were used.
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Ok (a) (ar) 1B O &
. - Bl
McMurry reaction 2. t-BUOK
“® ” @) ® ” |

: ONWO
n
= Anthracene

Scheme 4-20da, Kawase, Darabi strategy to synthesize cyn]ipara-arylacetylene which failed in case

of anthracene unit.

The new strategies presented here are based smritieesis of open ring precursors with a suitable
length and bent to provide the necessary preotientéor ring closure.

n=0,1,2

o og g g RO

Scheme 4-3A new strategyo synthesize cyclio-para-arylacetylene.
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Using this strategy, however, a new set of theicymra-arylethylenes containing anthracene units

were synthesized. Among synthesized cyclophangstatrstructure ob6b (n=1) shows mobius

topology.

55a (x-ray) ggg r;]:_lz(x-ray)

57a-a (x-ray)

ggg rr: z% 56b n =1 (x-ray, Mb6bius topology)
56c n=2

Figure 4-1.The Molecular structures of the new cyqtiara-arylethylenes.
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The halogenation-dehydrohalogenation reactions asnale and efficient methodology for the
preparation of sterical cyclophanes containingydeeé units was used in the synthesis of cyclic-
para-anthrylacetylene. Among the presented cypbeca-arylethylenes (n=1), onl5b and 55c
finally allowed the synthesis othe conjugated molecular belt under the brominatiand
dehydrobromination reactions. Even through diffedemlogen and reaction conditions were applied rothe
cyclic-para- anthrylacethylenes could not be prepared. The megron for this failure is probably sterical
hindrance between the two opposed anthraceneshvades not allow to perform the halogenation and
dehalogenation prodesure to generate the triplds&xperiments to circumvent these problems are in

progress.

“O Br,, CHCk  +-BUOK, diethylether
0°C rl

55b (n=1)
55c (n=2)

Scheme 4-4Synthesis of [6] and [9]-CPAA'69 and70 by bromination and dehydrobromination reactions.
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Chapter 5: Experimental part

5.1. Apparatus

NMR:

BRUKER AC 200 'H-NMR (200.1 MHz)  **C-NMR (50.3 MHz)

BRUKER ARX 300 'H-NMR (300.1 MHz)  '®C-NMR (75.5 MHz)

BRUKER DRX 500 'H-NMR (500.1 MHz) C-NMR (125.8 MHz)

BRUKER AV 600  'H-NMR (600.1 MHz) **C-NMR (150.9 MHz)

Samples were solved in deuterochloroform (C{pQThemical shifts are reported in units, part per

million (ppm), from either tetramethylsilane (O ppor chloroform (7.26 ppm) used as an internal

standard. Splitting patterns are designated asnglé€s), d (doublet), t (triplet), g (quartet), $ep

(septuplet), m (multiplet) and br (broad).

MS:

UV/Vis:

X-Ray:

HPLC:

FT-IR Spectrometer Paragon 1000

Finnigan MAT 8200
Bruker BiFlexIll ™ MALDI-TOF

PERKIN ELMER, UV/Vis Spectrometer lambda 14

Siemens P4-Differactometer and STOE Imaging Plaftiealotion System (IPDS)
with M@ irradiation. Diffraction information have solvedth SHELXS-97.

Hewlett-Packard/Agilent Seri 1100/1200
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5.2. Common procedure

All reactions were carried out under nitrogen (8oklconditions). Solvents were either distilled or
dried and distilled (ethylacetate and £Hy: CaH. DME and toluene: Na, Benzophenone) before
use or purchased predried (diisopropylamine: Flug#rting materials were ordered from Acros,
Merck, Fluka, Aldrich and TCI companiesTrans2-[3-(4tert.-butylphenyl)-2-methyl-2-

propenylidene]-malononitrile was used as a matria saturated solution in dichlorometathane.

Column chromatography was carried out with the afsklerck Art. 109385 Kieselgel 60 (0.04 —
0.063 mm) SC, neutral alumina Merck Art. 1097 Alamioxid 90, actively II-lll, 70-230 mesh
ASTM. Analytical thin layer chromatography (TLC) sv@erformed on Merck Art. POLYGRAM
Sil G/UV254 for TLC (0.2 mm thick)Flash chromatography was performed under argon or

nitrogen positive pressure for final ringing compds according to the method reported by still.

The configuration of Analytical HPLC of HEWLETT PA®RD (hp) company is: Degasser,
Quaternary Pump, Manual Injector bzw, Autosamidéogde-Array-Detector, Automatical Fraction

Sampler and Columns:

Kromasil 100 C18 10 pm, 250 x 10 mm
Kromasil 100 C18 10 pm, 250 x 8 mm

Kromasil 100 C18 10 um, 250 x 4 mm

Kromasil 100 Sil 10 pm, 250 x 8 mm

Kromasil 100 Sil 10 pm, 250 x 4 mm

MZ Gel SD plus 50 A° 5um 300 x 8 mm (GPC)
MZ Gel SD plus 100 A° 5um 300 x 8 mm (GPC)
MZ Gel SD plus 500 A° 5um 300 x 8 mm (GPC)
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5.3. Synthesis

5.3.1. Synthesis of pentachlorocyclopropafé”

In a soxhlet apparatus slurry of sodium trichloegate (350.0 g, 1.89 mol) in 1300 ml of
trichloroethanene was placed and refluxed for 3réioDuring this time approximately 0.1 ml of
H,O was absorbed by finger filter containing of catci hydride. The soxhlet apparatus was
removed and 200 ml of dimethoxyethane (DME) wasedddhe mixture was refluxed for 5 days.
A slow stream of C@ was observed during this period. The reaction unétwas washed
repeatedly with water, dilutes HCI and finally wadad then dried over N&O,. The crude product
was purified by fractional distillation to removecess trichloroethylene. The fractions boiling
between 80 and 85°C (31 mm) gave 205.0 g (51 Ygnfachlorocyclopropane.

5.3.2. Synthesis of tetrachlorocyclopropef@”!

In a two-necked flask containing a solution of 3§.6f KOH in 40 ml of water was added 50.0 g
(0.223 mmol) of penthachlorocyclopropane. The mixtwas stirred and heated to 75 °C till a
spontaneous reaction started. The heat was renanethe temperature increase to 88 °C where it
was maintained by ice bath. After 25 min the migtwas cooling to 50 °C and 50 ml of ice water
and then 25 ml of cold concentrated HCI were adddw organic phase was extracted with
CH.Cl,, washed with water and dried over,8@y. The crude product was purified by fractional
distillation. The fractions boiling between 71-7Z °(98 mm) gave 33.2 g (80 %) of
tetrachlorocyclopropene.

3C-NMR (75.5 MHz, CDCYTMS): 6= 122.71, 62.37 ppm.
MS (El, 70 eV):m/z(%): 178 (8), 143 (97), 141 (100), 106 (25).

5.3.3. Synthesis of 2,3-bis-9-anthrylcyclopropenor2zg®>¢°!

In a dry two-necked, round-bottom flask equippethva stirred bar and a nitrogen inlet tube was
placed a suspension of aluminum chloride (1.16@.8,mmol) in dry 1,2-dichloroethane (25 ml).
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tetrachlorocyclopropene (1.55 g, 8.4 mmol ) waseddi mixture and stirred at room temperature
for 30 min to give a pale brownish suspension. Thgture was then cooled to -30 °C, and

anthracene (3.0 g, 16.8 mmol) was added slowly aveeriod of 1 h. The deep violet colored

reaction mixture was allowed to warm up to O °Qj afirred for additional 2 h at that temperature.
The reaction mixture was poured into ice-water stivded for 1 h, then the orange precipitate was
filtrated off and washed with acetone to obt2@(1.61 g, 70 %).

1H-NMR (300 MHz, CDCYTMS): 8= 8.76 (2H, s), 8.38 (4H, d), 8.12 (4H, d), 7.561(4n), 7.38
(4H, m) ppm.
MS (El, 70 eV):m/z(%): 378 (100) [M- 28 (C=0)], 189 (18).

5.3.4. Synthesis of 1,2-di-9-anthrylacetylen $5°°!

In a dry round-bottom flask equipped with a stirtear and a nitrogen inlet tube was placed a
solution of the 2,3-bis-9-anthrylcyclopropenones(f§j, 3.7 mmol) and alumina pellets (0.3 g) in
DMSO (20 ml). The mixture was refluxed for 3 h arabled down to room temperature. Then
orange-red crystalline residue was filtered andhsdswith water and acetone. Recrystallization in

a stirred hot dioxane gives an orange red, neddpesl crystal o830 (1.30 g, 94 %).

1H-NMR (300 MHz, CDCYTMS): 6= 8.94 (4H, d), 8.53 (2H, s), 8.14 (4H, d), 7.681(4n), 7.55
(4H, m) ppm.
1BC-NMR (75.5 MHz, CDCYTMS): 8= 132.81, 131.36, 128.86, 128.02, 126.96, 126.95,7D

ppm.
MS (EI, 70 eV):m/z(%): 379 (33) [M + 1], 378 (100) [M], 189 (16).

5.3.5. Synthesis of 1,4-dibromonaphthalef&®!

In a dry two-necked flask equipped with a stirreat bontaining 1-bromonaphthalene (3.10 g, 15
mmol) under nitrogen was charged with 15 ml of thobmethane. The solution was cooled to -30
°C and initially cooled (-30 °C) bromine (1.65 egui2.64 g, 16.5 mmol) in Ci€l, (8 ml) was
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added dropwise to solution which is protected fight. The reaction mixture was maintained in a
freezer at -30 °C for 2 days in the dark. Recrligtd product was filtered and dissolved in £
and then washed with sodiumtiosulfate and drieth wddium sulfate. After evaporating solvent in
low pressure, crude product was crystallized inClkl PE (1:4) to obtain a white crystal of 1, 4-
DBN in a yield of 88% (3.76 Q).

1H-NMR (300 MHz, CDCYTMS): 8= 8.22 (2H, s), 7.62 (2H, d), 7.60 (2H, m) ppm.
13C-NMR (75.5 MHz, CDCYTMS): 5= 132.89, 130.03, 127.50, 122.68 ppm.

5.3.6. Synthesis of 9,10-dibromoanthracef&”

In a dry two-necked flask equipped with a stirreat lbontaining anthracene (2.67g, 15 mmol)
under nitrogen was charged with 120 ml of dichloetimane. The solution was cooled to 0 °C and
initially cooled (0 °C) bromine ( 5.17 g, 33 mmah) CH,Cl, ( 15 ml ) was added dropwise to
solution which is protected from light. The reantimixture was stirred for 1 hr. After removing the
solvent the precipitated compound was dissolvehh, and then washed with sodiumtiosulfate
and dried with sodium sulfate. The solvent was evated in low pressure. The crude product was
crystallized in hot CELCl; to obtain 9,10- dibromoanthracene (4.73 g, 94%juss yellow needles.

1H-NMR (300 MHz, CDCYTMS): 5= 8.55 (4H, m), 7.60 (4H, m) ppm.
13C-NMR (75.5 MHz, CDCYTMS): 5= 131.38, 128.39, 127.50, 123.68 ppm.

5.3.7. Synthesis of 9-bromoanthracefe”

A solution of anthracene (35.0 g, 0.19 mebBhbromosuccinimide (33.5 g, 0.19 mol) and a trace
amount of lodine in carbon tetrachloride (100 mjswefluxed for 10 h. The brown mixture was
filtered and washed with sodiumthiosulfate and sodhydrogen carbonate. The crude product was

crystallized in hot ethanol to obtain 9-bromoantlerse (39.41 g, 78%) as pure yellow needles.
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1H-NMR (300 MHz, CDCYTMS): 6= 8.49 (2H, d), 8.39 (2H, d), 7.96 (1H, s), 7.584, t), 77.47
(2H, t) ppm.
MS (El, 70 eV):m/z(%): 258 (98) [M], 256 (M'+100), 177 (52).

5.3.8. Synthesis of 1,4-Diiodonaphthalef&"

In a dry two-necked, round-bottom flask equippedhwa stirred bar, a rubber septum and a
nitrogen inlet tube was placed 1,4-dibromonaphti@lé3.87, 13.5 mmol) in anhydrous diethyl
ether (70 cm3). To the stirred mixture was adddglLi (14.18 ml, 2.5 M in hexane, 35.45 mmol)
via syringe dropwise over the course of 30 min. fieg®ilting mixture was stirred for an additional
10 min after witch period iodine crystal (11.524§.36 mmol) were added in several portions over
5 min. the mixture was stirred for an additional i until the color was a dark brown. The
ethereal solution was washed several times witle@gs sodiumthiosulfate (25% w/w), dried over
anhydrous magnesium sulfate and the solvent remanddr vacuum to obtain a pale yellow solid.
The crude product was purified by recrystallizatiorihe CC} (70 cm?3) to give white solid of 1,4-
diiodonaphthalene (2.62 g, 51% yield).

1H-NMR (500 MHz, CDCYTMS): 3= 8.22 (2H, d), 7.62 (2H, d), 7.60 (2H, s) ppm.
MS (EI, 70 eV):m/z(%): 380 (84) [M], 253 (13) [M-I], 126 (100) [M-2I].

5.3.9. Synthesis of 9,10-Diiodoanthracef&"

In a dry two-necked, round-bottom flask equippedhwa stirred bar, a rubber septum and a
nitrogen inlet tube was placed 9,10-dibromoanthraqd.0, 11.9 mmol) in anhydrous diethyl ether
(75 cm?3). To the stirred mixture was adde&8uLi (12.48 ml, 2.5 M in hexane, 31.2 mmol) via
syringe dropwise over the course of 45 min. Thelteg mixture was stirred for an additional 15
min after witch period iodine crystal (10.15 g, #@nol) were added in several portions over 5 min.
The mixture was stirred for an additional 15 mirtiluthe color was a dark brown. The ethereal
solution was washed several times with aqueoususdtiosulfate (25% w/w), dried over
anhydrous sodium sulfate and the solvent removeléruwacuum to obtain a pale yellow solid. The
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crude product was purified by recrystallizationnfraCCl, (130 cm3) to give (2.48 g, 48% vyield)

yellow needles.

1H-NMR (500 MHz, CDCYTMS): 6= 8.56 (4H, m), 7.62 (4H, m), 8.14 (4H, d), 7.691(4n), 7.55
(4H, m) ppm.
MS (El, 70 eV):m/z(%): 430 (100) [M], 303 (20), 176 (86).

5.3.10.Synthesis of 1-iodonaphthalene

In a dry two-necked, round-bottom flask equippedhwa stirred bar, a rubber septum and a
nitrogen inlet tube was placed 1-bromonaphthal@r&8(g, 12.5 mmol) in anhydrous diethyl ether
(30 cm?). To the stirred mixture was added (6.55 2B M in hexane, 16.38 mmol) via syringe
dropwise over the course of 45 min. The resultingtume was stirred for an additional 15 min after
witch period iodine crystal (5.33 g, 21.0 mmol) wexdded in several portions over 5 min. The
mixture was stirred for an additional 15 min utité color was a dark brown. The ethereal solution
was washed several times with aqueous sodiumthi&eu(25% w/w), dried over anhydrous
sodium sulfate and the solvent removed under vactuwbtain a pale yellow solid. The crude
product was purified by recrystallization from GC130 cm?3) to give (2.48 g, 48% yield) yellow

needles.

1H-NMR (500 MHz, CDCYTMS): 6= 8.06 (2H, m), 7.77 (1H, d), 7.70 (1H, d), 7.58(In), 7.46
(1H, m), 7.11 (1H, m) ppm.
MS (El, 70 eV):m/z(%): 254 (85) [M], 127 (100), 101 (10).

5.3.11. Synthesis of 9-iodoanthracene

In a dry two-necked, round-bottom flask equippedhwa stirred bar, a rubber septum and a
nitrogen inlet tube was placed 9-bromoanthracer® (46.56 mmol) in anhydrous diethyl ether (40
cm3). To the stirred mixture was added (8.15 m§ R in hexane, 20.39 mmol) via syringe

dropwise over the course of 45 min. The resultingtume was stirred for an additional 15 min after
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witch period iodine crystal (6.53 g, 26.13 mmol)rev@dded in several portions over 5 min. The
mixture was stirred for an additional 15 min utité color was a dark brown. The ethereal solution
was washed several times with aqueous sodiumthi&eu(25% w/w), dried over anhydrous
sodium sulfate and the solvent removed under vactuwbtain a pale yellow solid. The crude
product was purified by recrystallization from G@b0 cm?3) to give (2.13 g, 45% yield) yellow

needles.

1H-NMR (500 MHz, CDCYTMS): 8= 8.46 (2H, d), 8.44 (1H, s), 7.95 (2H, d ), 7.881(t), 7.49
(2H, t) ppm.
MS (El, 70 eV):m/z(%): 304 (100) [M], 177(57), 152 (12).

5.3.12. Synthesis of 1,4-bis(trimethylsilylethynyfaphthalend'*"

In a dry two-necked, round-bottom flask equippedhwa stirred bar, a rubber septum and a
nitrogen inlet tube was placed 1,4-diiodonaphthaléh0, 7.89 mmol) and a catalytic mixture of
Cul (20 mg), Pd(PRCI, (20 mg) and PRh(60 mg) in i-PsNH-THF (100 cm3, 1:1 v/v). The
solution was stirred for 20 min. at 50 °C and ttemethylsilylethyne (2.52 g, 25.65 mmol) was
added. The resulting mixture was refluxed for 8tt¥%a °C. The completion of the reaction was
monitored by silica TLC. The solution was allowedcdool to room temperature, filtered and the
solvent was removed by evaporation. The crude mtogas purified by chromatography on silica

gel (hexane) to give the desired product as a sabotred crystalline solid in 95% yield (2.40 g).

5.3.13. Synthesis of 1,4-bis(ethynyl)naphthaleh&"

In a one-neck round-bottom flask, 1,4-bis-trimesiilylethynyl naphthaleng.0 g, 6.24 mmol) was

proto-desilylated in THF-methanol (50 cms3, 4:1 wgjng aqueous KOH (0.76 g, 13.36 mmol in 2
cm3 H0). The reaction mixture was stirred for 2 h atmo@mperature, washed twice with water,
dried over MgSQ filtered and concentrated. Chromatography owraitjiel (Hexane) gave 0.99 g

(90%) result as a brown solid.



110 Experimental part

1H-NMR (200 MHz, CDCYTMS): 5= 8.38 (2H, m), 7.67 (2H, s), 7.62 (2H, m), 7.561(8), ppm
MS (EI, 70 eV):m/z(%): 176 (100) [M], 1741(14), 50(3).

5.3.14. Synthesis of 9,10-bis(trimethylsilylethynyanthracend™*!

In a dry two-necked, round-bottom flask equippedhwa stirred bar, a rubber septum and a
nitrogen inlet tube was placed 9,10-diiodoanthrad@0, 6.9 mmol) and a catalytic mixture of Cul
(20 mg), Pd(PPCl, (20 mg) and PRN60 mg) in i-PsNH-THF (100 cms, 1:1 v/v). The solution
was stirred for 20 min. at 50 °C and then trimethylethyne (2.20 g, 22.43 mmol) was added. The
resulting mixture was refluxed for 8 h at 75 °C.eTdompletion of the reaction was monitored by
silica TLC. The solution was allowed to cool to modemperature, filtered and the solvent was
removed by evaporation. The crude product wasipdrily chromatography on silica gel (hexane)
to give the desired product as a deep red crystadiolid in 90% isolated yield (1.91 g).

5.3.15. Synthesis of 9,10-bis(ethynyl)anthraceh"

In a one-neck round-bottom flask, 9,10-bis-triméghylethynylanthracen€l.5 g, 4.05 mmol) was
proto-desilylated in THF-methanol (50 cm3, 4:1 wising aqueous KOH (0.49 g, 8.68 mmol in 1
cm3 H20). The reaction mixture was stirred for @& moom temperature, washed twice with water,
dried over MgS@ filtered and concentrated. Chromatography omasigiel (hexane) gave 0.78 g

(85%) result as a dark red solid.

1H-NMR (500 MHz, CDCYTMS): 5= 8.60 (4H, m), 7.60 (4H, m) ppm.
MS (EI, 70 eV):m/z(%): 226 (100) [M], 224 (22).

5.3.16. General procedure for the Sonoghashira colipg

A two-necked, round-bottom flask containing (2.0 atmof diethynylarene, (4.0 mmol) of
iodoarene and a catalytic amount of Cul (25 mg) Bd¢PPh). Cl, (25 mg) under nitrogen was

charged with 40 ml of diisopropylamine. After stig at room temperature for 2 h, the reaction
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mixture was heated to reflux for an additional 3@h o ensure completion. The resulting
precipitate was collected by filtration, redissalvin hot toluene, and filtered through a short

column (1 cm) of silica gel. The products can leystallized by cooling the hot toluene solution.

5.3.17. Synthesis of 1,4-bis(9-ethynylanthraceny@bzene 41a

A two-necked, round-bottom flask containing 0.252gnmol) of 1,4-bis(ethynyl)benzene, 1.216
g (4 mmol) of 1-iodonaphthalene and a catalytic am@f Cul (30 mg) and Pd(PR§CI, (30 mg)

under nitrogen was charged with 40 ml of diisoptapyne. After stirring at room temperature For
4 h, the reaction mixture was heated to refluxdoradditional 30 min to ensure completion. The
resulting precipitate was collected by filtratioedissolved in hot toluene, and filtered through a
short column (1 cm) of silica gel. An orange sqid784 g, 82%) were obtained by cooling the hot

toluene solution

IH-NMR (500 MHz, CDCYTMS): 6 = 8.68 (4H, d, J=8.7 Hz, anthracene Hs), 8.48 (8H,
anthracene Hs), 8.05 (4H, d, J=8.5 Hz, anthraces)e #85 (4H, s, phenyl Hs), 7.55-7.65 (8H, m,
anthracene Hs), ppm.

MS (El, 70 eV):m/z(%): 479 (40) [M + 1], 478 (100) [M], 239 (20).

5.3.18. Synthesis of 1,4-bis(9-ethynylanthracenyBphthalene 41b

A two-necked, round-bottom flask containing 0.22§2gmmol) of 1,4-bis(ethynyl)naphthalene,
1.216 g (4 mmol) of 9-iodoanthracene and a catabnount of Cul (30 mg) and Pd(RREI, (30

mg) under nitrogen was charged with 50 ml of direpylamine. After stirring at room temperature
for 2 h, the reaction mixture was heated to refioixan additional 10 min to ensure completion.
The resulting precipitate was collected by filtoati redissolved in hot toluene, and filtered thitoug
a short column (1 cm) of silica gel. Red solid 425, 80%) were obtained by cooling the hot

toluene solution.
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H-NMR (500 MHz, CDCYTMS): 6= 8.82 (4H, d, J=8.5 Hz, anthracene Hs), 8.81 (¢H=9.6

Hz, naphthalene Hs), 8.52 (2H, s, anthracene H39, @H, s, naphthalene Hs), 8.08 (4H, d, J=6.9
Hz, anthracene Hs), 7,79 (2H, m, naphthalene H8%-7.68 (8H, m, anthracene Hs) ppm.

MS (El, 70 eV):m/z(%): 529 (48) [M+1], 528 (100) [M], 350 (2), 262 (36), 174 (5).

5.3.19. Synthesis of 9,10-bis(9-ethynylanthracenghthracene 41c

A two-necked, round-bottom flask containing 0.45Z2gmmol) of 9,10-bis(ethynyl)anthracene,
1.216 g (4 mmol) of 9-iodoanthracene and a catabmnount of Cul (30 mg) and Pd(RREI, (30
mg) under nitrogen was charged with 50 ml of direpylamine. After stirring at room temperature
for 4 h, the reaction mixture was heated to refiixan additional 60 min to ensure completion.
The resulting precipitate was collected by filtoati redissolved in hot toluene, and filtered thitoug
a short column (1 cm) of silica gel. Dark red s@bdB12 g, 70%) were obtained by cooling the hot

toluene solution.

IH-NMR (500 MHz, CDCYTMS): 6= 9.04 (4H, m, middle anthracene Hs), 8.94 (4HI=,.3 Hz,
anthracene Hs), 8.56 (2H, s, anthracene Hs), 8H0d, J=7.3 Hz, anthracene Hs), 7.76 (4H, m,
middle anthracene Hs), 7.59-7.70 (8H, m, anthra¢ts)gpm.

MS (El, 70 eV):m/z(%): 579 (49) [M + 1], 578 (100) [M], 378 (12), 289 (31), 187 (4).

5.3.20. Synthesis of 9,10-bis(1-ethynylnaphthyl)amtacene 41d

A two-necked, round-bottom flask containing 0.45Z2gmmol) of 9,10-bis(ethynyl)anthracene,
1.016 g (4 mmol) of 1-iodonaphthalene and a catabmount of Cul (30 mg) and Pd(PpIEI,
(30 mg) under nitrogen was charged with 50 ml asagiropylamine. After stirring at room
temperature for 4 h, the reaction mixture was fetdereflux for an additional 45 min to ensure
completion. The resulting precipitate was collecksdfiltration, redissolved in hot toluene, and
filtered through a short column (1 cm) of silicd.deark green solid (0.717 g, 75%) were obtained

by cooling the hot toluene solution.
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1H-NMR (500 MHz, CDCYTMS): 6= 8.87 (4H, m, anthracene Hs), 8.70 (2H, d, J=&5,H.05
(2H, d, J=7.1 Hz,), 7.95 (4H, d, J=8.4 Hz), 7.7Hi (4n, anthracene Hs), 7.65 (2H, m), 7.57-7.62
(4H, m) ppm.

13C NMR (125.8 MHz, CDGJITMS): 6= 133.43, 133.28, 132.33, 130.94, 129.29, 128.33,44,
127.20, 127.05, 126.65, 126.39, 125.48, 121.17.801800.74, 91.31 ppm.

MS (El, 70 eV):m/z(%): 479 (40) [M + 1], 478 (100) [M], 239 (20).

5.3.21. Synthesis of 1,4-bis(1-ethynylnaphthyl)napimalene 41e

A two-necked, round-bottom flask containing 0.3522¢ mmol) of 1,4-bis(ethynyl)naphthalene,
1.016 g (4.0 mmol) of 1-iodonaphthalene and a gitahmount of Cul (20 mg) and Pd(PIEI,
(20 mg) under nitrogen was charged with 30 ml asagiropylamine. After stirring at room
temperature for 2 h, the reaction mixture was feédereflux for an additional 10 min to ensure
completion. The resulting precipitate was collecbsdfiltration, redissolved in hot toluene, and
filtered through a short column (1 cm) of silicd.géellow solid (0.727 g, 85%) were obtained by

cooling the hot toluene solution.

1H-NMR (500 MHz, CDCYTMS): 6= 8.64 (2H, m), 8.58 (2H, J=8.4 Hz, d), 7.92 (6H, M72
(2H, m), 7.67 (2H, t), 7.58 (2H, 1), 7.53 (2H, Pm.

13C-NMR (125.8 MHz, CDGYTMS): 5= 133.38, 133.33, 133.24, 130.78, 129.98, 129.28,47,
127.46, 127.05, 126.84, 126.58, 126.30, 125.39,8421.20.94, 94.28, 92.47 ppm.

MS (El, 70 eV):m/z(%): 429 (35) [M+1], 428 (100) [M], 301 (15), 212 (18).

5.3.22. Synthesis of 1,4-bis(1-ethynylnaphthyl)beare 41f

A two-necked, round-bottom flask containing 0.3783ymmol) of 1,4-bis(ethynyl)benzene, 1.524
g (6 mmol) of 1-iodonaphthalene and a catalytic am@f Cul (20 mg) and Pd(PBECl, (20 mg)
under nitrogen was charged with 30 ml of diisoptapyne. After stirring at room temperature For

2 h, the reaction mixture was heated to refluxaoradditional 10 min to ensure completion. The
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resulting precipitate was collected by filtratioedissolved in hot toluene, and filtered through a
short column (1 cm) of silica gel. The products @@nrecrystallized by cooling the hot toluene

solution. Yield 1.01 mg (89 %) cream solid.

1H-NMR (200 MHz, CDCYTMS): 5= 8.45 (2H, d, J=8.0 Hz,), 8.89 (2H, m), 8.85 (24}, 7.78

(2H, d, J=7.9 Hz,), 7.66 (4H, s), 7.63-7.43 (6H,pp)n. 13C
NMR (50.3 MHz, CDCYTMS): 5= 133.25, 131.68, 130.55, 129.03, 128.38, 126.96,52,
126.18, 123.36, 120.69, 94.07, 89.55 ppm. MS

(El, 70 eV):m/z(%): 379 (33) [M+1], 378 (100) [M], 189 (18).

3.23. Synthesis of 9,10-bis[(1-ethynyl-4-bromo)phghdihydroanthracene-9,10-diol 48a

To a flask containing 1-bromo-4-ethynyl-benzen® @.. 5.55 mmol) in THF (50 ml) at -70°@;
BuLi (2.22 ml, 2.5 M in hexane, 5.55 mmol) was atldeowly while stirring for 2 h. The reaction
mixture was then allowed to warm to room tempegaturd then cooled to -70 °C. A solution of 9,
10-anthroquinone (0.577 g, 2.780 mmol) in THF (30 was added dropwise and the solution was
then allowed to warm slowly to room temperature atided overnight. The deep red resulting
mixture was treated with a saturated solution ofm@mium chloride and extracted with ethyl
acetate. The yellow solvent was concentrated ureticed pressure and subjected to silica gel
column chromatography using @El,/ EtOAc gradient to give 1.297 g (85 %) of prodast a

cream solid.

IH-NMR (500 MHz, CDCYTMS): 6= 8.22 (4H, m, anthracene Hs), 7.47 (4H, m, antdmadis),
7.49 (4H, d, J=8.6 Hz, benzene Hs), 7.44 (4H, 8,8+ z, benzene Hs), 3.85(2H, s, hydroxyl Hs).

5.3.24. Synthesis of 9,10-bis[(1-ethynyl-4-bromo)ehyl]anthracene 48b

In a two necked, round-bottom flask 9,10-bis[(hyetyl-4-bromo)phenyl]dihydroanthracene-9,10-
diol 48a (1.2 g, 2.1 mmol) was dissolved in ethanol (30 arl{l added dropwise to a solution of

SnCb.2H,;0 (0.94 g, 4.2 mmol) in acetic acid glacial (30 mbjile stirring at 60 °C over the course
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of 20 min. The precipitate formed was collectedilisation and washed with water to remove acid

completely and dried to obtain (0.73 g, 65%) pradiscan orange powder.

IH-NMR (500 MHz, CDCYTMS): 6= 8.68 (4H, m, anthracene Hs), 7.67 (4H, m, antdmadis),
7.62 (4H, d, J=8.6 Hz, benzene Hs), 7.59 (4H, 8,8#lz, benzene HSs). MS (El,
70 eV):m/z(%): 536 (100) [M], 458 (72) [M-Br], 374 (43) [M-2Br], 268 (15), 187 (44).

5.3.25. General procedure for the Hydrogenation rezion

In a two-necked flask equipped with a gas outleefuhe unsaturated compound in ethyl acetate
(toluene) and palladium catalyst was added. Theysluas vigorously stirred under a hydrogen
atmosphere (room temperature). The mixture wasrditt through a pad of celite, the solvent

evaporated in vacuo to afford a solid product withfarther purification.

5.3.26. Synthesis of4)-1,2-di(9-anthryl)ethenes 27

A two-necked, round-bottom flask and a gas outldtet was placed.,2-di-9-anthrylacetylen
(0.400g, 1.05 mmol) in ethyl acetate (450 ml) aadla@ium on barium sulfate, 5 % Pd (1 g) as a
hydrogenation catalyst. The slurry was vigoroudiyred under a hydrogen atmosphere (room
temperature, 2h). The mixture was filtered throagbaed of celite, the solvent evaporated in vacuo
to afford (0.402 g, 98 %) a cream solid produchwitt further purification.

1H-NMR (300 MHz, CDCYTMS): 6= 8.22 (4H, d, J=8.8 Hz, anthracene Hs), 8.08 (g&H,
anthracene Hs), 8.04 (2H, s, double bond Hs), @ d, J=8.5 Hz, anthracene Hs), 7.22 (4H, t,
anthracene Hs), 7.08 (4H, t, anthracene Hs) ppm.

BBC-NMR (75.5 MHz, CDCJTMS): 6= 131.54, 131.38, 131.03, 128.37, 127.24, 127.08,5b,
126.18, 125.84, 125.72, 124.89, 124.83, 124.78,642424.21 ppm.

MS (El, 70 eV):m/z(%): 380 (100) [M], 303 (18), 202 (287), 178 (24).
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5.3.27. Synthesis 0f4,Z2)-9,10-bis(4-bromo-styryl)anthracene 50

A two-necked, round-bottom flask and a gas outidief was place®,10-bis[(1-ethynyl-4-

bromo)phenyl]anthracene (0.400g, 0.75 mmol) in lelwgtate (350 ml) and palladium on barium
sulfate, 5 % pd (1 g) as a hydrogenation catalyke slurry was vigorously stirred under a
hydrogen atmosphere (room temperature, 55 min).ndikeure was filtered through a pad of celite,
the solvent evaporated in vacuo to afford (0.4040f) %) a yellow solid product without further

purification.

IH-NMR (500 MHz, CDCYTMS): 6= 8.35 (4H, m, anthracene Hs), 7.92 (2H, d, J=18z3
double bond Hs), 7.54-7.60 (8H, m, benzene Hsg8 @#, m, anthracene Hs), 6.87 (2H, d, J=16.5
Hz, double bond Hs) ppm.

13C- NMR (125.8 MHz, CDGJTMS): 6= 136.34, 133.04, 131.98, 131.25, 131.10, 130.20,5P,
128.71, 128.11, 127.72, 126.55, 126.35, 125.93,812325.45 ppm.

MS (El, 70 eV):m/z(%): 540(100)[M], 460 (24) [M-Br], 380 (12) [M-2Br], 302 (43), 189 (21).

5.3.28. Synthesis dfZ,Z2)-1,4-bis(9-ethenylanthracenyl)benzene 42a

A two-necked, round-bottom flask and a gas outletbef was placed1,4-bis(9-
ethynylanthracenyl)benzer{8.400 mg, 0.836 mmol) in ethyl acetate (400 mil @alladium on
barium sulfate, 5 % pd (800 mg) as a hydrogenatatalyst. The slurry was vigorously stirred
under a hydrogen atmosphere (room temperature,id0 The mixture was filtered through a pad
of celite, the solvent evaporated in vacuo to afff@.404 g, 100 %) a yellow solid product without
further purification.

1H-NMR (500 MHz, CDCYTMS): 6= 8.36 (2H, s, anthracene Hs), 8.03 (4H, d, J=88 H
anthracene Hs), 7.96 (4H, d, J=8.5 Hz anthracenemis/-7.40 (8H, m, anthracene Hs), 7.03 (2H,
d, J=12.5 Hz, double bond H$} 6.87 (2H, d, J=12.45 Hz, double bond Hs), 6.88, (& phenyl
Hs) ppm.

13C NMR (125.8 MHz, CDGJTMS): 8= 133.58, 132.37, 131.50, 128.68, 128.62, 128.36,44,
126.32, 126.08, 125.54, 125.26 ppm.
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MS (EI, 70 eV):m/z(%): 482 (100) [M], 293 (27), 279 (26), 241 (21), 203 (36), 191 (72)

5.3.29. Synthesis ofZ,Z2)-1,4-bis(9-ethenylanthracenyl)naphthalene 42b

A two-necked, round-bottom flask and a gas outletbef was placed1,4-bis(9-
ethynylanthracenyl)naphthaler{®.400 mg, 0.75 mmol) in toluene (450 ml) and mhillan on
barium sulfate, 5 % pd (1 g) as a hydrogenatioalgstt The slurry was vigorously stirred under a
hydrogen atmosphere at 50 °C (50 min). The mixtuas filtered through a pad of celite, the
solvent evaporated in vacuo to afford (0.404 g, 4)@& yellow solid product.

IH-NMR (500 MHz, CDCYTMS): 6= 8.30 (2H, m, naphthalene Hs), 8.20 (2H, s, actma Hs),
7.97 (4H, d, J=8.6 Hz, anthracene Hs), 7.83 (4HJ=B.5 Hz, anthracene Hs), 7.61 (2H, m,
naphthalene Hs), 7.60 (2H, d, J=12.1 Hz, doubledlids), 7.31 (2H, d, J=12.3 Hz, double bond
Hs), 7.10-7.28 (8H, m, anthracene Hs), 5.99 (2kBphthalene Hs) ppm.

13C-NMR (125.8 MHz, CDGJTMS): 6= 132.96, 131.80, 131.62, 131.47, 131.18, 128.88,4B,
127.76, 126.22, 125.77, 125.62, 125.24, 124.93,412dpm.

MS (El, 70 eV):m/z(%): 533 (38) [M+1], 532 (100) [M].

5.3.30. Synthesis aofZ,Z2)-9,10-bis(9-ethenylanthracenyl)anthracene 42c

A two-necked, round-bottom flask and a gas outletbet was placed9,10-bis(9-
ethynylanthracenyl)anthracene (0.400 mg, 0.69 mnmwljoluene (500 ml) and palladium on
barium sulfate,10 % pd (1 g) as a hydrogenatioalgstt The slurry was vigorously stirred under a
hydrogen atmosphere at 50 °C (50 min). The mixiues filtered through a pad of celite, the
solvent evaporated under reduced pressure to o404 g, 100 %) an orange solid product.
1H-NMR (500 MHz, CDCYTMS): 6= 6.8- 9.15 (30H, m) ppm.

MS (El, 70 eV):m/z(%): 583 (47) [M + 1], 582 (100) [M], 379 (24), 291 (11), 179 (8).
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5.3.31. Synthesis aofZ,Z2)-9,10-bis(1-ethenylnaphthyl)anthracene 42d

A two-necked, round-bottom flask and a gas outletboet was placed9,10-bis(1-
ethynylnaphthyl)anthracene (0.400 mg, 10 mmol)thyleacetate (400 ml) and lindlar catalyst (1
g). The slurry was vigorously stirred under a hgdno atmosphere (room temperature, 50 min).
The mixture was filtered through a pad of celites solvent evaporated in vacuo and crystallized in
hot toluene to afford (0.303 g, 75 %) a yellow dgroduct.

IH-NMR (500 MHz, CDCYTMS): 6= 8.36 (2H, d, J=8.6 Hz), 8.22 (4H, m, anthracesg, [.83
(2H, d, J=12.0 Hz), 7.74 (2H, d, J=8.1 Hz), 7.581,(2), 7.50 (2H, d, J=12.5 Hz), 7.48 (4H, m),
7.18 (4H, m, anthracene Hs), 6.73 (2H, m), 6.66, (2Hbpm.

MS (El, 70 eV):m/z(%): 482 (100) [M], 353 (34), 329 (22), 226 (10).

5.3.32. Synthesis dfZ,Z2)-1,4-bis(1-ethenylnaphthyl)naphthalene 42e

A two-necked, round-bottom flask and a gas outletoet was placed1,4-bis(1-

ethynylnaphthyl)naphthalene (0.400 mg, 0.93 mmwlgthyl acetate (150 ml) and palladium on
barium sulfate, 5 % pd, reduced (1.2 g). The slwas vigorously stirred under a hydrogen
atmosphere (room temperature, 60 min). The mixwas filtered through a pad of celite, the
solvent evaporated in vacuo and crystallized intblotene to afford (0.303 g, 70 %) a yellow solid

product.

1H-NMR (500 MHz, CDCYTMS): 8= 8.19 (2H, m), 8.08 (2H, m), 7.77 (2H, m), 7.6(H(A,
J=8.0 Hz), 7.56 (2H, m), 7.45 (4H, m), 7.33 (4HJd3.6 Hz), 7.05 (2H, m), 7.00 (2H, d, J=7.1
Hz), 7.68 (2H, s) ppm.

13C-NMR (125.8 MHz, CDGJTMS): 6= 134.33, 133.80, 133.54, 132.01, 131.82, 130.30,1P,
128.46, 127.34, 126.96, 126.68, 125.92, 125.88,6829.25.23, 125.01, 124.42 ppMS (El, 70
eV): m/z(%): 433 (35) [M+1], 432 (100) [M], 303 (15), 279 (13).
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5.3.33. Synthesis dfZ,Z2)-1,4-bis(1-ethenylnaphthyl)benzene 41f

A two-necked, round-bottom flask and a gas outletbef was placed1,4-bis(1-

ethynylnaphthyl)naphthalene (0.400 mg, 1.06 mmwlgthyl acetate (120 ml) and palladium on
barium sulfate, 5 % pd, reduced (800 g). The sluvas vigorously stirred under a hydrogen
atmosphere (room temperature, 50 min). The mixwas filtered through a pad of celite, the
solvent evaporated in vacuo and crystallized intblotene to afford (0.202 g, 50 %) a yellow solid

product.

IH-NMR (500 MHz, CDCYTMS): 6= 8.00 (2H, d, J=8.1 Hz), 7.82 (2H, d, J=8.1 Hz),37(2H,
m), 7.49 (4H, m), 7.30 (4H, d, J=6.5 Hz), 6.97 (2IHJ)=12.2 Hz), 6.80 (2H, s), 6.70 (2H, d, J=12.2
Hz) ppm.

13C-NMR (125.8 MHz, CDGJTMS): (135.63, 135.25, 133.70, 131.65, 131.50,.128128.43,
127.54, 126.43, 125.99, 125.93, 125.55, 124.91 ppm.

MS (El, 70 eV):m/z(%): 383 (33) [M+1], 382 (100) [M], 252 (3), 191 (10).

5.3.34. Synthesis 0f4,2)-9,10-bis(4-formyl-styryl)anthracene 52

In a two-necked flask equipped with a nitrogentitlde 0.300 g (0.56 mmol) 80 were dissolved
in 30ml dry THF and cooled to -78°C. 1.05 ml (1ré&ol, 1.6 M) MeLi and 0.99 ml (1.68 mmol,
1.7 M) t-BuLi was added in portions during 2 h, separataffer being stirred for 4 h at -78°C, the
solution was treated with 1.41 ml (16.8 mmol) DM#damaintained in the same condition for an
additional two hour. Then the mixture was quencbhgdwater. The mixture was diluted with
diethyl ether, washed several time with water andddover MgSQ. The solvent was evaporated
and the residue purified by column chromatographyStO, (hexane/ethyl acetate: 2/1) yielding
0.146 g (60 %) as yellow solid

1H-NMR (500 MHz, CDCYTMS): 6= 10.08 (2H, aldehyde Hs), 8.37 (4H, m, anthradds) 8.12
(2H, d, J=16.3 Hz, double bond Hs), 7.99 (4H, B.3Hz, benzene Hs), 7.85 (4H, d, J=8.2 Hz,
benzene Hs), 7.52 (4H, m, anthracene Hs), 7.02¢2bB16.6 Hz, double bond Hs) ppm.

MS (El, 70 eV):m/z(%): 439 (37) [M+1], 438 (100) [M], 303 (10), 226 (6).
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5.3.35. General procedure for the formylation readgbn

In a two-necked flask with a gas inlet tube, wasppred a suspension ofs- hydrogenated
compound(1.0 mmol) in CHCI, (30 ml) in an ice bath (1°C) under nitrogen atntwsp. To the
mixture was slowly added SnC(3.0 mmol) over 30 min and the reaction was gsfirffer an
additional 30 min in same temperature. Then thectima was allowed to warm to room
temperature and maintained for 10 min and thenetbbhck to 1°C. GCHOCH; (3.0 mmol) was
added and the reaction stirred for one hour, thiemwed to warm to room temperature and stirred
for 3 h. The reaction mixture was poured on ice atided for 1 h, and then the colored solid
compound was filtrated off and washed with acetone.

5.3.36. Spectral data fol(Z)-1,2-bis[10-formyl-9-anthracenyl)]ethene 310range solid (74%).
1H-NMR (300 MHz, CDCYTMS): 6= 11.59 (2H, s, aldehyde Hs), 9.05 (4H, d, J=8.9 Hz
anthracene Hs), 8.68 (4H, d, J=8.7 Hz, anthraces)e H79 (2H, s, double bond Hs), 7.75 (4H, t,
anthracene Hs), 7.67 (4H, t, anthracene Hs) ppm.

¥C-NMR (75.5 MHz, CDCYTMS): 6= 193.42, 135.01, 131.74, 129.26, 128.79, 126.28,28B,
124.14, 124.05 ppm.

MS (El, 70 eV):m/z(%): 436 (100) [M], 407 (22), 379 (27), 188(26).

IR (KBr): 1668 (C=0) crh

5.3.37. Spectral data forn(Z,2)-1,4-bis[(9-ethenyl-10-formyl)anthracenyl]benzene&l3a: Orange
solid (72%).

1H-NMR (500 MHz, CDCYTMS): 6= 11.58 (2H, s, aldehyde Hs), 9.03 (4H, d, J=8.9 Hz
anthracene Hs), 8.49 (4H, d, J=8.8 Hz, anthraces)e 8102 (2H, d, J=16.6 Hz, double bond Hs),
7.80 (4H, s, phenyl Hs), 7.58-7.72 (8H, m, anthnacs), 7.02 (2H, d, J=16.6 Hz, double bond Hs
) ppm.

MS (El, 70 eV):m/z(%): 538 (91) [M], 510 (37), 481 (10), 322(18), 279 (49), 203 (100)

IR (KBr): 1663 (C=0) crit.
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5.3.38. Spectral data for(Z,Z2)-1,4-bis[(9-ethenyl-10-formyl)anthracenyllnaphthaéne 43b:
Brown solid (70 %).

1H-NMR (500 MHz, CDCYTMS): 6= 11.60 (2H, s, aldehyde Hs), 9.05 (4H, d, J=9.0 Hz
anthracene Hs), 8.60 (4H, d, J=8.7 Hz, anthraces)e 823 (2H, m, naphthalene Hs), 8.22 (2H, s,
naphthalene Hs), 8.08 (2H, d, J=16.3 Hz, doubledids), 7.82 (2H, d, J=16.3 Hz, double bond
Hs), 7.60-7.72 (8H, m, anthracene Hs) ppm.

MS (El, 70 eV):m/z(%): 588 (37) [M], 560 (13), 371 (33), 250 (14), 203 (100).

IR (KBr): 1667 (C=0) crt.

5.3.39. Spectral data for(Z,2)-9,10-bis[(9-ethenyl-10-formyl)anthracenyllanthra@ne 43c:
Brown solid (70 %).

IH-NMR (500 MHz, CDCYTMS): 6= 11.62 (2H, s, aldehyde Hs), 9.08 (4H, d, J=164 H
anthracene Hs), 8.77 (4H, d, J=8.7 Hz, anthraces)e 3471 (4H, m, middle anthracene Hs), 7.96
(2H, d, J=1.1 Hz, double bond Hs), 7.66-7.77 (4H, anthracene Hs), 7.64 (4H, m, middle
anthracene Hs) ppm.

MS (El, 70 eV):m/z(%): 639(40) [M+1], 638 (100) [M], 610 (21), 377(95), 289 (23), 191 (78).

IR (KBr): 1673 (C=0) crit.

5.3.40. Spectral data for(Z,Z)-1,4-bis[(1-ethenyl-4-formyl)naphthyllnaphthalene 43e: Green
solid (60%).

1H-NMR (500 MHz, CDCYTMS): 6= 10.45 (2H, s, aldehyde Hs), 9.38 (2H, d, J=8.3, 1838
(2H, d, J=8.7 Hz), 8.35 (2H, m), 8.00- 8.15 (8H, mMPp0-7.80 (8H, m) ppm.

5.3.41. Spectral data for(Z,Z)-1,4-bis[(1-ethenyl-4-formyl)naphthyllbenzene 43fGreen solid
(45%).

1H-NMR (500 MHz, CDCYTMS): 6= 10.41 (2H, s, aldehyde Hs), 9.35 (2H, d, J=8.4, 1834
(2H, d, J=8.4 Hz), 7.94-8.02 (6H, m), 7.68-7.76 (8, 7.32 (2H, d, J=16.0 Hz) ppm.
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¥C-NMR (125.8 MHz, CDGJ, 298 K, TMS):5= 192.98, 141.88, 137.23, 136.27, 134.15, 131.66,
131.19, 130.75, 128.98, 127.61, 127.13, 125.50,4I28.24.16, 122.64 ppm.

MS (El, 70 eV):m/z(%): 439 (36) [M+1], 438 (100) [M], 410 (5), 271(5), 190 (7).

IR (KBr): 1680 (C=0) crit.

5.3.42. General procedure for the McMurry coupling

A flame-dried round—bottom flask equipped with &agen inlet tube was charged 650 mg (10
mmol) of Zn-Cu in 50 ml of anhydrous DME. 0.54 ralrimol) of TiClL was added carefully to the
mixture at 0°C and the black gray suspension refiukor 2 hr. After being cooled to room
temperature a solution of dialdehyde (0.5 mmoll%® ml (DME/toluene: 1:2) was slowly added
and the reaction stirred for 2 days in room temjpeea After refluxing at 110 °C for 3 h the
mixture was filtrated over a pad of neutral alumiwhich was washed with dichloromethane. The
solvent was evaporated in vacuo and the residuepwafied by column chromatography on SiO
(hexane/ CHCIy: 3/1).

5.3.43. Spectral data for compound 38¥ield (%) = 4

IH-NMR (500 MHz, CDCYTMS): 6= 8.65 (4H, d, anthracene Hs), 8.42 (4H, d, andmadis),
7.83 (2H, s, double bond Hs), 7.52 (8H, m, anthmadés), 7.19 (2H, d, double bond Hs), 6.07 (2H,
g, double bond Hs), 2.21 (6H, d, methyl Hs) ppm.

3C-NMR (125.8 MHz, CDGJ/ TMS): 6= 134.34, 133.93, 132.03, 129.58, 129.45, 126.98,8B,
126.21, 125.48, 124.94, 19.23 ppm.

MS (El, 70 eV):m/z(%): 460 (26) [M], 446 (100), 203 (75).

5.3.44. Spectral data for compound 37Yield (%) = Only observed by MALDI-TOF MS.
MALDI-TOF MS : m/z=808.67, 809.65, 810.65 (Calcd 809.024 feutHzo).

5.3.45. Spectral data for compound 55arield (%) = 32
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1H-NMR (500 MHz, CDCYTMS): 3= 8.14 (4H, dd, J=3.3, 6.7 Hz, anthracene Hs), 124, d,
J=11.4 Hz, double bond Hs), 7.40 (4H, dd, J=3.2B6 &1z, anthracene Hs), 7.25 (2H, d, J=11.5
Hz, double bond Hs), 6.55 (2H, s, double bond B8 (2H, d, J=11.5 Hz, benzene Hs), 6.15 (2H,
d, J=8.3 Hz, benzene Hs) ppm.

13C-NMR (125.8 MHz, CDCGJTMS): 6= 137.15, 135.87, 135.09, 132.87, 132.01, 130.29,4P,
128.35, 127.60, 127.03, 125.15 ppm.

MS (El, 70 eV):m/z(%): 407 (34) [M+1], 406 (100) [M], 350 (4), 203 (13).

MALDI-TOF MS : m/z406.26, 407.26, 408.26 (Calcd 406.528 fesHG,).

UV/Vis (CHxCl,): Amax[NM] (loge) = 264 (2.65), 361 (0.12), 381 (0.22), 402 (0.23).

5.3.46. Spectral data for compound 55bYield (%) =9

IH-NMR (500 MHz, CDCYTMS): 6= 8.24 (8H, dd, J=3.4, 6.7 Hz, anthracene Hs), (88§ dd,
J=3.2, 6.84 Hz anthracene Hs), 7.22 (4H, d, J=H2,3double bond Hs), 7.13 (4H, d, J=12.3 Hz,
double bond Hs), 7.01 (8H, d, J=8.5 Hz, benzeng, 884 (8H, d, J=8.5 Hz, benzene Hs ), 6.73
(4H, s, double bond Hs) ppm.

13C-NMR (125.8 MHz, CDGJTMS): 6= 136.12, 135.98, 133.62, 132.61, 129.22, 128.82,85,
126.92, 126.40, 126.08, 125.78 ppm.

MALDI-TOF MS : m/z812.1, 813.1, 813.1 (Calcd 813.056 feuHL,,).

UV/Vis (CHxCLy): Amax[nm] (loge) = 263 (2.47), 340 (0.73), 404 (0.51).

5.3.47. Spectral data for compound 55cYield (%) = 2
MALDI-TOF MS : m/z1218.1, 1219.1, 1220.1 (Calcd 1219.584 feyHgs).
UV/Vis (CHxCl,): Amax[NnM] (loge) = 265 (2.25), 352 (0.85), 412 (0.75).

5.3.48. Spectral data for compound 56bYield (%) = 14
1H-NMR (500 MHz, CDCYTMS): 8= 8.88 (2H, d, J=8.8 Hz), 8.34 (2H, d, J=8.6 Hz)33(3H, d,
J=8.7 Hz), 7.83 (1H, s), 7.76 (2H, d, J=8.7 HzR97(2H, t), 7.46- 7.50 (4H, m), 7.21 (1H, d,
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J=11.8 Hz), 6.99 (2H, t), 6.97 (2H, d, J=8.4 HzB7M(2H, t), 6.63 (H, d, J=8.4 Hz), 6.28 (1H, d,
J=16.5 Hz) ppm.

13C-NMR (125.8 MHz, CDCGJTMS): 6= 136.36, 136.02, 134.58, 134.34, 133.15, 132.8Q,28,
131.99, 131.30, 129.79, 129.26, 128.86, 128.77,7128.27.52, 126.64, 126.49, 126.11, 125.96,
125.74, 125.65, 125.44, 124.35, 124.19 ppm.

MALDI-TOF MS : m/z1012.24, 1013.21, 1014.21 (Calcd 1013.296 fHE;).

UVNVis (CHxCI,): Amax[nm] (log€) = 235sh (0.75), 255 (2.55), 320 (0.37), 406 (0.55).

5.3.49. Spectral data for compound 56¢Yield (%) = 2
MALDI-TOF MS : m/z1518.71, 1519.75, 1520.66, 1672.1 (Calcd 151964&, ,0Hs).

5.3.50. Spectral data for compound 56a-brield (%) = 8

IH-NMR (500 MHz, CDCYTMS): 6= 8.43 (4H, m, anthracene Hs), 8.38 (4H, m, andmadis),
8.01 (2H, d, double bond Hs), 7.75 (4H, s, benzds)ke 7.18 (2H, s, double bond Hs), 6.97 (2H, d,
double bond Hs), 6.07 (2H, q, double bond Hs), 2618 d, methyl Hs) ppm.

MALDI-TOF MS : m/z562.14, 563.13, 564.14 (Calcd 562.756 foiHz,).

5.3.51. Spectral data for compound 57a-&ield (%) = 7

IH-NMR (500 MHz, CDCYTMS): 6= 8.22 (4H, d, J=8.6 Hz, anthracene Hs), 8.03 &Hiouble
bond Hs), 7.88 (2H, dd, J=3.3, 6.4 Hz, naphthaldag 7.79 (4H, d, J=8.6 Hz, anthracene Hs),
7.53 (2H, d, J=8.6 Hz, double bond Hs), 7.40 (2H)=l1.2 Hz, double bond Hs), 7.35 (2H, dd,
J=3.3, 6.3 Hz, naphthalene), 7.01-7.07 (8H, m,ractne Hs), 5.71 (2H, s, naphthalene) ppm.
13C-NMR (125.8 MHz, CDGJTMS): 6= 134.15, 132.87, 131.39, 130.87, 130.51, 130.29,4P,
128.35, 127.03, 125.85, 125.42, 124.87, 124.52,362423.76 ppm.

MS (El, 70 eV):m/z(%): 557 (48) [M+1], 556 (100) [M], 278 (12).

MALDI-TOF MS : m/z556.8, 557.8, 558.8 (Calcd 556.708 fagkss).

UV/Vis (CHxCI,): Amax[Nm] (loge) = 236 (2.28), 254 (2.68), 361 (0.25), 380 (0.35), 40na?2).
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5.3.52. Spectral data for compound 57bYield (%) =9
MALDI-TOF MS : m/z1112.69, 1113.69, 1114.67, 1115.68 (Calcd 1113fd1655Hse).
UV/Vis (CHxCIy): Amax[nm] (log€) = 235sh (2.15), 256 (2.53), 335 (0.45), 408 (0.58).

5.3.53. Spectral data for compound 57¢cYield (%) = 2
MALDI-TOF MS : m/z1669.2, 1670.2, 1671.1, 1672.1 (Calcd 1670.12€feiHsg,).

5.3.54. Spectral data for compound 57a-brield (%) = 8

IH-NMR (500 MHz, CDCYTMS): 6= 8.52 (4H, m, anthracene Hs), 8.40 (4H, m, andmwadis),
8.25 (2H, m, naphthalene Hs), 8.21 (2H, s, napbtleHs), 8.05 (2H, d, double bond Hs), 7.79
(2H, d, double bond Hs), 7.54 (2H, m, naphthalesg RA.51 (8H, m, anthracene Hs), 7.18 (2H, d,
double bond Hs), 7.07 (2H, g, double bond Hs), 2620 dd, methyl Hs) ppm.

13C-NMR (125.8 MHz, CDGJTMS): 6= 135.40, 134.86, 134.29, 133.89, 132.23, 131.29,7B,
129.62, 128.53, 127.01, 126.83, 126.35, 126.32,3123.24.97, 29.72, 19.14 ppm.

MS (El, 70 eV):m/z(%): 612 (100) [M].

5.3.55. Spectral data for compound 58a-brield (%) = 4

IH-NMR (500 MHz, CDCYTMS): 6= 8.75 (4H, d, anthracene Hs), 8.69 (4H, d, antdmadis),
8.42 (4H, m, anthracene Hs), 7.90 (4H, s, doubledhds), 7.50- 7.62 (12H, m, anthracene Hs),
7.11 (2H, d, double bond Hs), 6.05 (2H, q, douldedHS), 2.26 (6H, dd, methyl HS) ppm.

MS (El, 70 eV):m/z(%): 662 (100) [M].

5.3.56. Spectral data for compound 58bYield (%) =7
MALDI-TOF MS : m/z1212.50, 1113.50, 1114.60, 1115.60 (Calcd 1213{&38696Hs0).
UV/Vis (CHxCI,): Amax[NM] (loge) = 234sh (1.21), 252 (2.32), 430 (0.32).
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5.3.57. Spectral data for compound 58cYield (%) = 1
MALDI-TOF MS : m/z1820.50, 122.50, 1824.60 (Calcd 1820.304 forido).

5.3.58. General procedure for bromination and dehywbromonation of 55b, 55¢ and 56b

A 100 ml, two necked round-bottom flask equippeblaa stirrer was charged with 0.02 mmol of
desired cyclophanes and 30 ml of CElCThe solution was stirred and a CHGblution of 0.2
mmol of bromine was added at 0°C. The colorful 8ofufades gradually to a pale yellow during
about 2 hours. The reaction mixture was quencheld saturated solution of NaH3@nd then
washed with water. The organic layer was sepai@teddried over anhydrous p&0O,. The solvent
was evaporated in vacuum and the residue was lgirapplied in dehydrobromination reaction
without any purification.

To a 0.02 mmol of bromide compounds and freshlyildid diethyl ether (30ml) was added
BuOK (0.2) at 0°C under nitrogen. The pale yellayggension was immediately changed to deep
red. After 30 min, silica gel TLC showed a new spsesignable to products. The mixture was
stirred for overnight. The reaction mixture was mgleed by water and then the organic layer was
separated. Precipitate in organic phase was sepaetd washed with diethyl ether. Finally,
precipitate was dissolved in GEl, and purified by short (1cm) florisil chromatogrgptio obtain

CPAA'’s as a red solid compound.

5.3.59. Spectral data for compound 69Yield (%) = 40

IH-NMR (600 MHz, CDCYTMS): 6= 8.51 (8H, m, J=8.6 Hz, anthracene Hs), 7.56 (Bi8.6 Hz,

m, anthracene Hs), 7.47 (8H, d, J=8.57, 6.4 Hzzd&ea Hs), 7.35 (8H, d, J=8.57 Hz, benzene Hs)
ppm.

13C-NMR (150.9 MHz, CDGJTMS): 6= 137.20, 132.10, 130.99, 126.95, 126.80, 124.03,51,
119.20, 111.31, 105.97, 97.31 ppm.

MALDI-TOF MS : m/z800.8, 801.8, 802.8 (Calcd 800.96 faulds,).

UV/Vis (CH.Cly): Amax [nm] (log €) = 235sh (0.85), 256 (1.70), 262 (1.90), 269 (1.92), .55),
382 (0.66), 471 (0.67).

Fluorescence(CH,Cl): Amax [nm] (loge) =592 (1.38), 633 (2.53).
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5.3.60. Spectral data for compound 70Yield (%) = 35

1H-NMR (600 MHz, CDCYTMS): 8= 8.59 (12H, m, J=8.6 Hz, anthracene Hs), 7.62 (12#8.6,

m, anthracene Hs), 7.60 (12H, d, J=8.57, 6.4 Hazé&ee Hs), 7.47 (12H, d, J=8.57 Hz, benzene
Hs) ppm.

13C-NMR (150.9 MHz, CDGJTMS): 6= 136.12, 134.62, 131.55, 131.41, 127.12, 126.92,01,
123.50, 103.90, 94.02 ppm.

MALDI-TOF MS : m/z1200.3, 1201.3, 1202.3 (Calcd 1201.44 fesHzs).

UV/Vis (CHxCl,): Amax[nm] (loge) = 237sh (0.77), 275 (1.78), 345 (0.87), 460 (0.9 §.50).
Fluorescencg(CHzCl,): Amax [Nm] (loge) =531 (2.74).

5.3.61. Spectral data for compound 72b
MALDI-TOF MS : m/z1004.7, 1005.8, 1006.8 (Calcd 1005.232 feyHzy).
UV/Vis (CHxCl,): Amax[NM] (log €) = 229sh (0.95), 261 (1.47), 319 (0.28), 439 (0.32).
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5.4. Supplementary data

5.4.1. Appendix A: X-ray crystallography data of 5%

Empirical formula GoH22

Formula weight 406.50

Temperature 170(2) K

Wavelength 0.71073 A

Crystal system monoclinic

Space group R

Unit cell dimensions a=17.2168(11) A  a=90°.
b =9.2565(4) A B=100.571(8)°.
c = 28.0964(18) A y = 90°.

Volume 4401.7(4) R

z 8

Density (calculated) 1.227 Mghn

Absorption coefficient 0.069 mmh

F(000) 1712

Crystal size 0.3x 0.25 x 0.25 Mdm

Theta range for data collection 2.32 t0 26.98°.

Index ranges -19<=h<=21, -11<=k<=11, -35<=|<=35

Reflections collected 27534

Independent reflections 9477 [R(int) = 0.0356]

Completeness to theta = 26.98° 98.9 %

Refinement method Full-matrix least-squares én F

Data / restraints / parameters 9477 /0/578

Goodness-of-fit on & 1.026

Final R indices [I>2sigma(l)] R1 =0.0402, wR2 4026

R indices (all data) R1 = 0.0549, wR2 = 0.1103

Extinction coefficient 0.0196(14)

Largest diff. peak and hole 0.192 and -0.181-3.A
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Comments

All non-hydrogen atoms were refined anisotropid. A\latoms were located in difference map and
were positioned with idealized geometry and refirsedropic using a riding model.

Atomic coordinates (x 1(51) and equivalent isotropic displacement parameter$&2x 103).

U(eq) is defined as one third of the trace of therthogonalized U; tensor.

X y z U(eq)
c@) 5664(1) 1109(1) 4540(1) 28(1)
c(2) 4843(1) 1030(1) 4356(1) 27(1)
c@3) 4444(1) -320(1) 4249(1) 34(1)
C(4) 3649(1) -383(2) 4080(1) 40(1)
C(5) 3199(1) 902(2) 3995(1) 40(1)
C(6) 3557(1) 2208(2) 4080(1) 35(1)
c(7) 4387(1) 2332(1) 4266(1) 27(1)
C(8) 4762(1) 3688(1) 4329(1) 26(1)
C(9) 5569(1) 3765(1) 4544(1) 26(1)
C(10) 5973(1) 5116(1) 4637(1) 33(1)
C(11) 6746(1) 5177(2) 4857(1) 38(1)
C(12) 7173(1) 3891(2) 5001(1) 38(1)
C(13) 6821(1) 2582(2) 4910(1) 34(1)
C(14) 6011(1) 2457(1) 4668(1) 27(1)
C(15) 6140(1) -251(1) 4585(1) 35(1)
C(16) 6557(1) -722(1) 4261(1) 37(1)
c(17) 6695(1) 2272(2) 2477(1) 37(1)
C(18) 6276(1) 3488(2) 2393(1) 36(1)
C(19) 4365(1) 5654(1) 3727(1) 30(1)
C(20) 4327(1) 5038(1) 4151(1) 31(1)
C(21) 6668(1) 13(1) 3809(1) 31(1)
C(22) 6507(1) -715(1) 3367(1) 39(1)
C(23) 6546(1) -26(2) 2934(1) 39(1)
C(24) 6757(1) 1430(1) 2929(1) 31(1)
C(25) 6986(1) 2121(1) 3375(1) 30(1)
C(26) 6941(1) 1433(1) 3805(1) 30(1)
C(31) 4807(1) 5100(1) 3363(1) 27(1)

C(32) 4816(1) 3633(1) 3246(1) 27(1)
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C(33)
C(34)
C(35)
C(36)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(55)
C(56)
C(57)
C(58)
C(59)
C(60)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(71)
C(72)
C(73)
C(74)
C(75)
C(76)

5282(1)
5754(1)
5703(1)
5237(1)
1787(1)
1872(1)
2248(1)
2316(1)
1993(1)
1626(1)
1563(1)
1220(1)
1226(1)
958(1)
956(1)
1205(1)
1453(1)
1491(1)
2004(1)
1488(1)
-1771(1)
-2027(1)
116(1)
862(1)
655(1)
33(1)
-748(1)
-942(1)
-322(1)
456(1)
-483(1)
-647(1)
-1166(1)
-1539(1)
-1414(1)
-893(1)

3131(1)
4069(1)
5538(2)
6042(1)
2166(1)
2453(1)
1445(1)
1713(2)
2989(2)
3974(2)
3767(1)
4810(1)
4597(1)
5688(1)
5473(2)
4133(2)
3057(2)
3249(1)

731(1)
-339(1)

212(2)
1412(2)
6236(2)
6138(1)
-309(1)
-705(1)
-582(2)

-53(1)

252(1)

117(1)
5073(1)
4471(2)
3325(2)
2730(2)
3384(2)
4534(2)

2930(1)
2713(1)
2805(1)
3124(1)
1263(1)
1762(1)
2118(1)
2599(1)
2760(1)
2435(1)
1926(1)
1585(1)
1092(1)
737(1)
260(1)
95(1)
418(1)
927(1)
1083(1)
959(1)
1189(1)
1371(1)
1819(1)
1758(1)
1023(1)
648(1)
706(1)
1132(1)
1516(1)
1462(1)
1700(1)
1237(1)
1133(1)
1486(1)
1940(1)
2044(1)

29(1)
30(1)
34(1)
33(1)
25(1)
25(1)
30(1)
38(1)
44(1)
37(1)
27(1)
29(1)
28(1)
37(1)
44(1)
44(1)
35(1)
26(1)
30(1)
31(1)
41(1)
42(1)
42(1)
38(1)
29(1)
37(1)
39(1)
34(1)
32(1)
29(1)
36(1)
36(1)
36(1)
36(1)
49(1)
49(1)
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Bond lengths [A]

C(1)-C(14)
C(1)-C(2)
C(1)-C(15)
C(2)-C(3)
C(2)-C(7)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(6)-C(7)
C(7)-C(8)
C(8)-C(9)
C(8)-C(20)
C(9)-C(10)
C(9)-C(14)
C(10)-C(11)
C(11)-C(12)
C(12)-C(13)

1.4028(17)
1.4140(17)
1.4952(17)
1.4309(18)
1.4358(16)
1.3658(19)
1.415(2)

1.358(2)

1.4338(17)
1.4075(17)
1.4118(17)
1.4949(16)
1.4312(17)
1.4382(16)
1.363(2)

1.417(2)

1.358(2)

C(16)-C(21)
C(17)-C(18)
C(17)-C(24)
C(18)-C(34)
C(19)-C(20)
C(19)-C(31)
C(21)-C(22)
C(21)-C(26)
C(22)-C(23)
C(23)-C(24)
C(24)-C(25)
C(25)-C(26)
C(31)-C(36)
C(31)-C(32)
C(32)-C(33)
C(33)-C(34)
C(34)-C(35)

1.4818(19)
1.334(2)
1.4782(19)
1.4850(18)
1.3329(17)
1.4744(17)
1.3961(19)
1.3967(17)
1.386(2)
1.3961(19)
1.3971(17)
1.3814(18)
1.3947(17)
1.3974(17)
1.3823(17)
1.4011(17)
1.3897(19)
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C(13)-C(14) 1.4398(17) C(35)-C(36) 1.3886(19)
C(15)-C(16) 1.334(2)
Bond angles [°]

C(14)-C(1)-C(2) 119.36(11) C(16)-C(15)-C(1) 124.92(12)
C(14)-C(1)-C(15) 121.72(11) C(15)-C(16)-C(21) 127.28(12)
C(2)-C(1)-C(15) 118.91(11) C(18)-C(17)-C(24) 123.27(11)
C(1)-C(2)-C(3) 122.05(11) C(17)-C(18)-C(34) 124.46(12)
C(1)-C(2)-C(7) 119.89(11) C(20)-C(19)-C(31) 125.94(11)
C(3)-C(2)-C(7) 118.06(11) C(19)-C(20)-C(8) 123.57(11)
C(4)-C(3)-C(2) 121.48(12) C(22)-C(21)-C(26) 117.34(12)
C(3)-C(4)-C(5) 120.40(13) C(22)-C(21)-C(16) 120.36(12)
C(6)-C(5)-C(4) 120.09(12) C(26)-C(21)-C(16) 122.29(12)
C(5)-C(6)-C(7) 121.70(12) C(23)-C(22)-C(21) 121.72(12)
C(8)-C(7)-C(6) 121.40(11) C(22)-C(23)-C(24) 120.45(12)
C(8)-C(7)-C(2) 120.22(10) C(23)-C(24)-C(25) 117.69(12)
C(6)-C(7)-C(2) 118.24(11) C(23)-C(24)-C(17) 122.61(11)
C(7)-C(8)-C(9) 119.44(10) C(25)-C(24)-C(17) 119.56(12)
C(7)-C(8)-C(20) 120.88(11) C(26)-C(25)-C(24) 121.46(12)
C(9)-C(8)-C(20) 119.62(11) C(25)-C(26)-C(21) 120.90(11)
C(8)-C(9)-C(10) 121.94(11) C(36)-C(31)-C(32) 117.62(11)
C(8)-C(9)-C(14) 119.79(11) C(36)-C(31)-C(19) 120.26(11)
C(10)-C(9)-C(14) 118.26(11) C(32)-C(31)-C(19) 122.11(11)
C(11)-C(10)-C(9) 121.37(12) C(33)-C(32)-C(31) 120.77(11)
C(10)-C(11)-C(12) 120.39(12) C(32)-C(33)-C(34) 121.44(12)
C(13)-C(12)-C(11) 120.47(12) C(35)-C(34)-C(33) 117.65(11)
C(12)-C(13)-C(14) 121.29(12) C(35)-C(34)-C(18) 122.18(12)
C(1)-C(14)-C(9) 120.32(10) C(33)-C(34)-C(18) 120.17(12)
C(1)-C(14)-C(13) 121.55(11) C(36)-C(35)-C(34) 120.84(12)
C(9)-C(14)-C(13) 118.09(11) C(35)-C(36)-C(31) 121.42(12)
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Bond lengths [A]

C(41)-C(54)
C(41)-C(42)
C(41)-C(55)
C(42)-C(43)
C(42)-C(47)
C(43)-C(44)
C(44)-C(45)
C(45)-C(46)
C(46)-C(47)
C(47)-C(48)
C(48)-C(49)
C(48)-C(60)
C(49)-C(50)
C(49)-C(54)
C(50)-C(51)
C(51)-C(52)
C(52)-C(53)
C(53)-C(54)
C(55)-C(56)

1.4069(16)
1.4079(16)
1.4934(16)
1.4311(17)
1.4363(16)
1.3575(18)
1.415(2)

1.360(2)

1.4290(17)
1.4096(17)
1.4025(18)
1.4947(17)
1.4339(18)
1.4349(17)
1.356(2)

1.418(2)

1.3621(19)
1.4320(17)
1.3326(18)

C(56)-C(61)
C(57)-C(58)
C(57)-C(64)
C(58)-C(74)
C(59)-C(60)
C(59)-C(71)
C(61)-C(66)
C(61)-C(62)
C(62)-C(63)
C(63)-C(64)
C(64)-C(65)
C(65)-C(66)
C(71)-C(76)
C(71)-C(72)
C(72)-C(73)
C(73)-C(74)
C(74)-C(75)
C(75)-C(76)

1.4789(18)
1.330(2)
1.485(2)
1.483(2)
1.330(2)
1.486(2)

1.3950(17)

1.4056(17)
1.388(2)
1.389(2)

1.4016(16)

1.3810(18)
1.388(2)

1.3951(19)

1.3823(19)

1.3917(18)
1.392(2)
1.388(2)
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Bond angles [°]

C(54)-C(41)-C(42)
C(54)-C(41)-C(55)
C(42)-C(41)-C(55)
C(41)-C(42)-C(43)
C(41)-C(42)-C(47)
C(43)-C(42)-C(47)
C(44)-C(43)-C(42)
C(43)-C(44)-C(45)
C(46)-C(45)-C(44)
C(45)-C(46)-C(47)
C(48)-C(47)-C(46)
C(48)-C(47)-C(42)
C(46)-C(47)-C(42)
C(49)-C(48)-C(47)
C(49)-C(48)-C(60)
C(47)-C(48)-C(60)
C(48)-C(49)-C(50)
C(48)-C(49)-C(54)
C(50)-C(49)-C(54)
C(51)-C(50)-C(49)
C(50)-C(51)-C(52)
C(53)-C(52)-C(51)
C(52)-C(53)-C(54)
C(41)-C(54)-C(53)
C(41)-C(54)-C(49)
C(53)-C(54)-C(49)

119.54(10)
119.15(10)
121.30(10)
121.53(10)
120.04(10)
118.42(11)
121.36(12)
120.25(12)
120.46(12)
121.47(12)
122.19(11)
119.83(11)
117.98(11)
119.73(11)
120.90(11)
119.36(11)
121.87(12)
120.11(11)
118.01(12)
121.72(13)
120.42(12)
119.93(13)
121.74(13)
121.83(11)
120.03(11)
118.13(11)

C(56)-C(55)-C(41)
C(55)-C(56)-C(61)
C(58)-C(57)-C(64)
C(57)-C(58)-C(74)
C(60)-C(59)-C(71)
C(59)-C(60)-C(48)
C(66)-C(61)-C(62)
C(66)-C(61)-C(56)
C(62)-C(61)-C(56)
C(63)-C(62)-C(61)
C(62)-C(63)-C(64)
C(63)-C(64)-C(65)
C(63)-C(64)-C(57)
C(65)-C(64)-C(57)
C(66)-C(65)-C(64)
C(65)-C(66)-C(61)
C(76)-C(71)-C(72)
C(76)-C(71)-C(59)
C(72)-C(71)-C(59)
C(73)-C(72)-C(71)
C(72)-C(73)-C(74)
C(75)-C(74)-C(73)
C(75)-C(74)-C(58)
C(73)-C(74)-C(58)
C(76)-C(75)-C(74)
C(75)-C(76)-C(71)

Anisotropic displacement parameters (ﬂx 10'3) for 55a. The anisotropic

123.61(11)
124.71(11)
124.85(12)
123.79(12)
124.66(12)
124.28(12)
117.33(12)
120.88(11)
121.79(11)
120.76(12)
121.43(11)
117.67(13)
122.66(11)
119.66(12)
120.92(12)
121.58(11)
117.55(13)
121.67(13)
120.78(12)
121.14(12)
121.10(12)
117.83(13)
122.96(12)
119.18(12)
120.80(13)
121.35(13)

displacement factor exponent takes the form: #2[ h2 a*2Ull+ . + 2 hk a* b* UL2]

ull u22 u33 u23 ul3 ul2
C(1) 26(1) 30(1) 29(1) 7(2) 7(2) 5(1)
C(2) 28(1) 27(1) 27(2) 4(1) 8(1) 3(2)
C(3) 34(1) 29(1) 41(1) 2(1) 9(1) 1(2)
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C(4)

C(5)

C(6)

C(7)

C(8)

C(9)

C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
C(31)
C(32)
C(33)
C(34)
C(35)
C(36)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)

35(1)
26(1)
26(1)
27(1)
30(1)
31(1)
42(1)
45(1)
34(1)
29(1)
26(1)
29(1)
26(1)
30(1)
32(1)
30(1)
33(1)
20(1)
30(1)
30(1)
21(1)
25(1)
24(1)
24(1)
27(1)
28(1)
25(1)
27(1)
28(1)
19(1)
19(1)
27(1)
41(1)
55(1)
40(1)
23(1)
23(1)

38(1)
51(1)
41(1)
31(1)
28(1)
28(1)
30(1)
39(1)
52(1)
43(1)
31(1)
29(1)
25(1)
52(1)
52(1)
24(1)
28(1)
26(1)
24(1)
37(1)
37(1)
27(1)
28(1)
28(1)
29(1)
33(1)
41(1)
37(1)
27(1)
22(1)
22(1)
28(1)
40(1)
46(1)
33(1)
22(1)
18(1)

46(1)
42(1)
37(1)
25(1)
23(1)
21(1)
29(1)
31(1)
27(1)
29(1)
25(1)
47(1)
59(1)
31(1)
26(1)
36(1)
34(1)
48(1)
64(1)
50(1)
37(1)
37(1)
36(1)
26(1)
25(1)
25(1)
23(1)
38(1)
41(1)
34(1)
34(1)
36(1)
34(1)
32(1)
40(1)
37(1)
44(1)

-3(1)
0(1)
5(1)
3(1)
3(1)
1(2)
-1(1)
-4(1)
-1(1)
6(1)
5(1)
13(1)
9(1)

-13(1)

-1(1)
2(1)
-1(1)
0(1)

-11(2)
-20(1)
-11(2)

-6(1)
-4(1)
5(1)
2(1)
-3(1)
3(1)
14(1)
8(1)
-2(1)
-2(1)
0(1)
3(1)
-5(1)
-8(1)
-6(1)
-6(1)

7(1)
2(1)
6(1)
8(1)
10(1)
9(1)
12(1)
11(1)
3(1)
2(1)
6(1)
6(1)
7(1)
12(1)
9(1)
5(1)
11(1)
8(1)
13(1)
9(1)
9(1)
5(1)
4(1)
0(1)
4(1)
4(1)
2(1)
6(1)
4(1)
6(1)
6(1)
6(1)
5(1)
10(1)
11(1)
6(1)
5(1)

7(2)
2(1)
8(1)
6(1)
7(1)
2(1)
-1(1)

-12(1)

-9(1)
2(1)
2(1)
5(1)
7(2)
7(2)
-8(1)
8(1)
11(1)
6(1)
-1(1)
-1(1)
0(1)
-4(1)
-1(1)
5(1)
-2(1)
-3(1)
-1(1)
0(1)
3(1)
-1(1)
-3(1)
2(1)
4(1)
3(1)
1(2)
-4(1)
-4(1)
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C(49) 22(1) 20(1) 41(1) -1(1) 2(1) -5(1)
C(50) 34(1) 23(1) 51(1) 4(1) 3(1) -3(1)
C(51) 45(1) 36(1) 47(1) 14(1) 0(1) 0(1)
C(52) 46(1) 49(1) 35(1) 6(1) 0(1) 4(1)
C(53) 33(1) 36(1) 34(1) -1(1) 3(1) 2(1)
C(54) 20(1) 24(1) 34(1) -1(1) 3(1) -3(1)
C(55) 30(1) 29(1) 32(1) -1(1) 9(1) 8(1)
C(56) 42(1) 22(1) 30(1) -3(1) 6(1) 9(1)
C(57) 30(1) 52(1) 38(1) 11(1) -4(1) -20(1)
C(58) 21(1) 65(1) 38(1) 12(1) 3(1) -10(1)
C(59) 46(1) 26(1) 53(1) -10(1) 9(1) 9(1)
C(60) 41(1) 20(1) 51(1) -8(1) 5(1) -1(1)
C(61) 37(1) 15(1) 32(1) 1(1) 1(1) 1(1)
C(62) 49(1) 26(1) 32(1) -6(1) -4(1) 5(1)
C(63) 42(1) 31(1) 38(1) -5(1) -11(1) -3(1)
C(64) 33(1) 28(1) 36(1) 7(1) -4(1) -12(1)
C(65) 33(1) 35(1) 27(1) 5(1) 1(1) -10(1)
C(66) 31(1) 26(1) 28(1) 2(1) 0(1) -7(1)
C(71) 29(1) 33(1) 45(1) -2(1) 7(1) 11(1)
C(72) 32(1) 40(1) 35(1) 10(1) 5(1) 1(1)
C(73) 31(1) 46(1) 30(1) 6(1) 3(1) -2(1)
C(74) 21(1) 49(1) 37(1) 7(1) 5(1) 3(1)
C(75) 37(1) 73(1) 41(1) -1(1) 19(1) -3(1)
C(76) 42(1) 66(1) 44(1) -15(1) 18(1) 0(1)

Hydrogen coordinates ( X 16) and isotropic displacement parameters (Rx 10 3)

X y z U(eq)
H(3) 4739 -1192 4297 41
H(4) 3396 -1294 4018 48
H(5) 2645 850 3879 48

H(6) 3249 3061 4015 41
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H(10)
H(11)
H(12)
H(13)
H(15)
H(16)
H(17)
H(18)
H(19)
H(20)
H(22)
H(23)
H(25)
H(26)
H(32)
H(33)
H(35)
H(36)
H(43)
H(44)
H(45)
H(46)
H(50)
H(51)
H(52)
H(53)
H(55)
H(56)
H(57)
H(58)
H(59)
H(60)
H(62)
H(63)
H(65)
H(66)
H(72)

5696
7001
7708
7116
6146
6813
6967
6314
4081
4007
6367
6428
7176
7098
4499
5283
5990
5211
2454
2581
2032
1407

777

787
1198
1605
2538
1669
2146
2553

1188
149

-1158

-438
865
-398

5988
6087
3946
1731
-824
-1629
1931
4018
6530
5481
-1708
-547
3086
1932
2974
2129
6205
7052
570
1042
3160
4819
6586
6225
3985
2155
573
-1181
-531
1425
7112
6966
-1060
-866
556
318
4855

4542
4915
5161
5009
4867
4326
2234
2108
3653
4351
3362
2638
3382
4103
3385
2857
2648
3181
2015
2828
3097
2550
840
35
-240
302
1054
820
1089
1430
1947
1828
352
449
1819
1729
990

39
45
45
41
42
44
44
43
36
38
47
46
36
36
32
34
41
39
36
46
53
45
44
52
53
42
36
38
49
50
50
45
45
47
39
35
43
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H(73) -1269
H(75) -1688
H(76) -816

2938 814 43
3038 2181 59
4962 2356 59

5.4.2. Appendix B: X-ray crystallography data of 5&-a

Empirical formula
Formula weight
Temperature
Wavelength
Crystal system
Space group

Unit cell dimensions

Volume
Z

Density (calculated)

Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections

Completeness to theta = 26.02°

Refinement method

Data / restraints / parameters

Goodness-of-fit on &

G4 Hag

556.66

170(2) K

0.71073 A

triclinic

P-1

a=9.6096(7) A
b = 16.8653(12) A
¢ = 19.0003(15) A
2999.5(4) R
4

a= 77.740(9)°.
B= 85.409(9)°.
y = 88.977(9)°.

1.233 Mgfn

0.070 mmh
1168

0.4x 0.4 x 0.2 n¥in
2.46 to 26.02°.
-11<=h<=11, -20<=k<=20, -23<=I<=23
22310
11644 [R(int) = 0.0372]
98.6 %
Full-matrix least-squares 8n F
11644 /0/794

0.987
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Final R indices [I>2sigma(l)] R1=0.0412, wR2 4014

R indices (all data) R1 =0.0646, wR2 =0.1116
Extinction coefficient 0.024(2)

Largest diff. peak and hole 0.178 and -0.1682.A
Comments

All non-hydrogen atoms were refined anisotropid. Alatoms were located in difference map but
were positioned with idealized geometry and refirsedropic using a riding model. There are two

crystallogrpahically independent molecules in thgnametric unit.

Atomic coordinates (x 1@) and equivalent isotropic displacement parameter(s&zx 103).

U(eq) is defined as one third of the trace of therthogonalized U, tensor.

X y z U(eq)
c(1) -747(1) 4863(1) 2101(1) 31(1)
C(2) -615(1) 4871(1) 2816(1) 31(1)
C(3) -827(1) 5581(1) 3084(1) 30(1)
C(4) -1216(1) 6295(1) 2646(1) 31(1)
C(5) -1415(1) 6306(1) 1908(1) 33(1)
C(6) -1849(2) 7017(1) 1430(1) 42(1)
c(7) -1993(2) 7026(1) 719(1) 52(1)
C(8) -1693(2) 6333(1) 441(1) 53(1)
C(9) -1290(2) 5632(1) 880(1) 43(1)
C(10) -1157(1) 5590(1) 1628(1) 32(1)
c(11) -446(2) 4103(1) 1840(1) 39(1)
Cc(12) 773(2) 3721(1) 1891(1) 44(1)
C(13) 5365(1) 5220(1) 2963(1) 39(1)
C(14) 5150(1) 5890(1) 3216(1) 37(1)
C(15) -396(2) 7358(1) 3241(1) 36(1)
C(16) -1403(2) 7039(1) 2948(1) 37(1)
C(21) 2012(2) 4051(1) 2163(1) 38(1)
C(22) 2337(2) 3792(1) 2883(1) 39(1)

C(23) 1572(2) 3156(1) 3374(1) 46(1)
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C(24)
C(25)
C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
C(34)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)
C(68)

1859(2)
2917(2)
3672(2)
3440(1)
4263(1)
4052(2)
4983(2)
4729(2)
3497(2)
2608(2)
2866(2)
1067(1)
1552(1)

683(2)
1135(2)
2492(2)
3346(2)
2918(1)
3788(1)
3348(2)
4256(2)
3806(2)
2437(2)
1546(2)
1969(2)

-5929(1)
-5675(1)
-5503(1)
-5536(1)
-5799(1)
-5795(2)
-6044(2)
-6330(2)

2928(1)
3325(1)
3936(1)
4186(1)
4783(1)
4961(1)
5469(1)
5675(1)
5398(1)
4893(1)
4628(1)
7039(1)
6575(1)
6417(1)
5954(1)
5619(1)
5737(1)
6213(1)
6327(1)
6851(1)
7061(1)
7547(1)
7862(1)
7700(1)
7197(1)

-19(1)

453(1)
1298(1)
1685(1)
1218(1)
1565(1)
1102(1)

271(1)

4076(1)
4347(1)
3902(1)
3155(1)
2678(1)
1938(1)
1413(1)
705(1)
467(1)
939(1)
1681(1)
3253(1)
3894(1)
4555(1)
5169(1)
5169(1)
4552(1)
3888(1)
3242(1)
2617(1)
1970(1)
1364(1)
1358(1)
1960(1)
2617(1)
12551(1)
13036(1)
12812(1)
12100(1)
11581(1)
10829(1)
10343(1)
10573(1)

52(1)
52(1)
44(1)
38(1)
37(1)
37(1)
44(1)
52(1)
54(1)
46(1)
39(1)
31(1)
31(1)
40(1)
50(1)
49(1)
40(1)
30(1)
31(1)
32(1)
44(1)
54(1)
51(1)
41(1)
31(1)
33(1)
35(1)
35(1)
32(1)
32(1)
40(1)
46(1)
45(1)




141 Experimental part

Atomic coordinates (x 1@) and equivalent isotropic displacement parameter(s&zx 10'3).

U(eq) is defined as one third of the trace of therthogonalized U, tensor.

X y z U(eq)
C(69) -6312(2) -91(1) 11286(1) 39(1)
C(70) -6031(1) 365(1) 11810(1) 32(1)
C(71) -6041(2) -913(1) 12792(1) 41(1)
C(72) -4979(2) -1377(1) 13053(1) 41(1)
C(73) 377(1) 105(1) 13268(1) 38(1)
C(74) 541(1) 902(1) 13070(1) 38(1)
C(75) -4130(2) 2934(1) 11995(1) 39(1)
C(76) -5299(2) 2576(1) 11888(1) 38(1)
C(81) -3567(2) -1049(1) 13116(1) 34(1)
C(82) -2618(2) -838(1) 12502(1) 35(1)
C(83) -2921(2) -953(1) 11805(1) 44(1)
C(84) -1964(2) -780(1) 11229(1) 53(1)
C(85) -619(2) -489(1) 11303(1) 51(1)
C(86) -295(2) -354(1) 11947(1) 43(1)
C(87) -1277(2) -499(1) 12565(1) 34(1)
C(88) -949(1) -335(1) 13229(1) 34(1)
C(89) -1871(2) -580(1) 13848(1) 34(1)
C(90) -1553(2) -470(1) 14543(1) 43(1)
C(91) -2459(2) -698(1) 15137(1) 54(1)
C(92) -3762(2) -1049(1) 15079(1) 54(1)
C(93) -4108(2) -1169(1) 14431(1) 45(1)
C(94) -3188(2) -948(1) 13791(1) 35(1)
C(101) -2870(1) 2475(1) 12272(1) 34(1)
C(102) -1894(1) 2204(1) 11783(1) 34(1)
C(103) -1999(2) 2418(1) 11020(2) 43(1)
C(104) -987(2) 2211(2) 10547(1) 53(1)
C(105) 184(2) 1754(1) 10807(1) 53(1)
C(106) 317(2) 1522(1) 11526(1) 43(1)
C(107) -714(1) 1725(1) 12048(1) 34(1)
C(108) -589(1) 1482(1) 12792(1) 34(1)
C(109) -1503(1) 1806(1) 13279(2) 34(1)
C(110) -1327(2) 1652(1) 14034(1) 43(1)
C(111) -2176(2) 2002(1) 14494(1) 52(1)

C(112) -3286(2) 2515(1) 14228(1) 50(1)
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C(113)
C(114)

-3514(2)
-2638(1)

2666(1)
2324(1)

13516(1)
13010(1)

43(1)
35(1)

Bond lengths [A]

C(1)-C(2)
C(1)-C(10)
C(1)-C(11)
C(2)-C3)
C(3)-C(4)
C(4)-C(5)
C(4)-C(16)
C(5)-C(6)
C(5)-C(10)
C(6)-C(7)
C(7)-C(8)

1.377(2)
1.429(2)
1.486(2)
1.4036(19)
1.375(2)
1.426(2)
1.489(2)
1.420(2)
1.429(2)
1.367(2)
1.398(3)

C(25)-C(26)
C(26)-C(27)
C(27)-C(28)
C(28)-C(29)
C(29)-C(30)
C(29)-C(34)
C(30)-C(31)
C(31)-C(32)
C(32)-C(33)
C(33)-C(34)
C(41)-C(42)

1.364(2)
1.427(2)
1.410(2)
1.403(2)
1.433(2)
1.443(2)
1.356(2)
1.421(2)
1.355(2)
1.425(2)
1.4082(19)
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C(8)-C(9) 1.364(2) C(41)-C(54) 1.410(2)
C(9)-C(10) 1.424(2) C(42)-C(43) 1.429(2)
C(11)-C(12) 1.327(2) C(42)-C(47) 1.4382(19)
C(12)-C(21) 1.495(2) C(43)-C(44) 1.357(2)
C(13)-C(14) 1.325(2) C(44)-C(45) 1.412(2)
C(13)-C(28) 1.500(2) C(45)-C(46) 1.356(2)
C(14)-C(48) 1.493(2) C(46)-C(47) 1.431(2)
C(15)-C(16) 1.331(2) C(47)-C(48) 1.4090(19)
C(15)-C(41) 1.496(2) C(48)-C(49) 1.411(2)
C(21)-C(22) 1.405(2) C(49)-C(50) 1.433(2)
C(21)-C(34) 1.410(2) C(49)-C(54) 1.438(2)
C(22)-C(23) 1.432(2) C(50)-C(51) 1.361(2)
C(22)-C(27) 1.445(2) C(51)-C(52) 1.410(3)
C(23)-C(24) 1.357(3) C(52)-C(53) 1.356(2)
C(24)-C(25) 1.415(3) C(53)-C(54) 1.436(2)
Bond angles [°]

C(2)-C(1)-C(10) 118.95(13) C(29)-C(28)-C(13) 120.47(13)
C(2)-C(1)-C(11) 119.39(13) C(27)-C(28)-C(13) 119.75(14)
C(10)-C(1)-C(11) 121.65(13) C(28)-C(29)-C(30) 122.35(13)
C(1)-C(2)-C(3) 121.69(13) C(28)-C(29)-C(34) 120.21(14)
C(4)-C(3)-C(2) 121.15(13) C(30)-C(29)-C(34) 117.43(14)
C(3)-C(4)-C(5) 118.97(13) C(31)-C(30)-C(29) 121.96(15)
C(3)-C(4)-C(16) 119.46(13) C(30)-C(31)-C(32) 120.08(16)
C(5)-C(4)-C(16) 121.56(13) C(33)-C(32)-C(31) 120.14(17)
C(6)-C(5)-C(4) 121.87(14) C(32)-C(33)-C(34) 121.76(15)
C(6)-C(5)-C(10) 118.13(13) C(21)-C(34)-C(33) 122.22(14)
C(4)-C(5)-C(10) 120.00(13) C(21)-C(34)-C(29) 119.50(15)
C(7)-C(6)-C(5) 121.25(16) C(33)-C(34)-C(29) 118.27(14)
C(6)-C(7)-C(8) 120.45(16) C(42)-C(41)-C(54) 119.46(13)
C(9)-C(8)-C(7) 120.46(16) C(42)-C(41)-C(15) 120.67(13)
C(8)-C(9)-C(10) 120.96(16) C(54)-C(41)-C(15) 119.87(12)
C(9)-C(10)-C(5) 118.69(14) C(41)-C(42)-C(43) 121.30(13)
C(9)-C(10)-C(1) 122.12(14) C(41)-C(42)-C(47) 120.37(12)
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C(5)-C(10)-C(1)
C(12)-C(11)-C(1)
C(11)-C(12)-C(21)
C(14)-C(13)-C(28)
C(13)-C(14)-C(48)
C(16)-C(15)-C(41)
C(15)-C(16)-C(4)
C(22)-C(21)-C(34)
C(22)-C(21)-C(12)
C(34)-C(21)-C(12)
C(21)-C(22)-C(23)
C(21)-C(22)-C(27)
C(23)-C(22)-C(27)
C(24)-C(23)-C(22)
C(23)-C(24)-C(25)
C(26)-C(25)-C(24)
C(25)-C(26)-C(27)
C(28)-C(27)-C(26)
C(28)-C(27)-C(22)
C(26)-C(27)-C(22)
C(29)-C(28)-C(27)

119.17(12)
123.30(13)
123.10(13)
124.69(13)
124.89(13)
123.28(13)
123.41(13)
119.92(13)
121.15(14)
118.92(15)
121.74(14)
120.06(14)
118.17(15)
121.47(16)
120.50(16)
120.26(18)
121.62(16)
122.43(14)
119.61(14)
117.95(14)
119.78(13)

C(43)-C(42)-C(47)
C(44)-C(43)-C(42)
C(43)-C(44)-C(45)
C(46)-C(45)-C(44)
C(45)-C(46)-C(47)
C(48)-C(47)-C(46)
C(48)-C(47)-C(42)
C(46)-C(47)-C(42)
C(47)-C(48)-C(49)
C(47)-C(48)-C(14)
C(49)-C(48)-C(14)
C(48)-C(49)-C(50)
C(48)-C(49)-C(54)
C(50)-C(49)-C(54)
C(51)-C(50)-C(49)
C(50)-C(51)-C(52)
C(53)-C(52)-C(51)
C(52)-C(53)-C(54)
C(41)-C(54)-C(53)
C(41)-C(54)-C(49)
C(53)-C(54)-C(49)

118.26(13)
121.44(15)
120.34(15)
120.48(15)
121.51(14)
121.90(13)
120.17(12)
117.93(12)
119.18(13)
120.41(13)
120.41(12)
121.43(14)
120.46(12)
118.11(13)
120.88(16)
120.87(15)
120.68(16)
120.85(16)
121.51(13)
119.96(12)
118.53(13)
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Bond lengths [A]

C(61)-C(62) 1.376(2) C(85)-C(86) 1.353(2)
C(61)-C(70) 1.431(2) C(86)-C(87) 1.427(2)
C(61)-C(71) 1.483(2) C(87)-C(88) 1.408(2)
C(62)-C(63) 1.408(2) C(88)-C(89) 1.407(2)
C(63)-C(64) 1.374(2) C(89)-C(90) 1.429(2)
C(64)-C(65) 1.426(2) C(89)-C(94) 1.440(2)
C(64)-C(76) 1.489(2) C(90)-C(91) 1.361(2)
C(65)-C(66) 1.423(2) C(91)-C(92) 1.416(3)
C(65)-C(70) 1.429(2) C(92)-C(93) 1.358(2)
C(66)-C(67) 1.366(2) C(93)-C(94) 1.430(2)
C(67)-C(68) 1.403(3) C(101)-C(102) 1.406(2)
C(68)-C(69) 1.364(2) C(101)-C(114) 1.407(2)
C(69)-C(70) 1.424(2) C(102)-C(103) 1.430(2)
C(71)-C(72) 1.337(2) C(102)-C(107) 1.441(2)
C(72)-C(81) 1.497(2) C(103)-C(104) 1.362(2)
C(73)-C(74) 1.326(2) C(104)-C(105) 1.414(3)
C(73)-C(88) 1.500(2) C(105)-C(106) 1.355(2)
C(74)-C(108) 1.500(2) C(106)-C(107) 1.433(2)
C(75)-C(76) 1.333(2) C(107)-C(108) 1.400(2)
C(75)-C(101) 1.495(2) C(108)-C(109) 1.411(2)
C(81)-C(94) 1.405(2) C(109)-C(110) 1.426(2)
C(81)-C(82) 1.410(2) C(109)-C(114) 1.442(2)
C(82)-C(83) 1.431(2) C(110)-C(111) 1.365(2)
C(82)-C(87) 1.443(2) C(111)-C(112) 1.418(3)
C(83)-C(84) 1.357(3) C(112)-C(113) 1.357(2)
C(84)-C(85) 1.419(3) C(113)-C(114) 1.433(2)

Bond angles [°]

C(62)-C(61)-C(70) 118.95(13) C(89)-C(88)-C(73) 120.62(12)
C(62)-C(61)-C(71) 120.30(13) C(87)-C(88)-C(73) 119.68(14)
C(70)-C(61)-C(71) 120.71(13) C(88)-C(89)-C(90) 122.01(13)
C(61)-C(62)-C(63) 121.16(14) C(88)-C(89)-C(94) 119.99(13)

C(64)-C(63)-C(62) 121.68(13) C(90)-C(89)-C(94) 117.99(14)
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C(63)-C(64)-C(65)
C(63)-C(64)-C(76)
C(65)-C(64)-C(76)
C(66)-C(65)-C(64)
C(66)-C(65)-C(70)
C(64)-C(65)-C(70)
C(67)-C(66)-C(65)
C(66)-C(67)-C(68)
C(69)-C(68)-C(67)
C(68)-C(69)-C(70)
C(69)-C(70)-C(65)
C(69)-C(70)-C(61)
C(65)-C(70)-C(61)
C(72)-C(71)-C(61)
C(71)-C(72)-C(81)
C(74)-C(73)-C(88)
C(73)-C(74)-C(108)
C(76)-C(75)-C(101)
C(75)-C(76)-C(64)
C(94)-C(81)-C(82)
C(94)-C(81)-C(72)
C(82)-C(81)-C(72)
C(81)-C(82)-C(83)
C(81)-C(82)-C(87)
C(83)-C(82)-C(87)
C(84)-C(83)-C(82)
C(83)-C(84)-C(85)
C(86)-C(85)-C(84)
C(85)-C(86)-C(87)
C(88)-C(87)-C(86)
C(88)-C(87)-C(82)
C(86)-C(87)-C(82)
C(89)-C(88)-C(87)

118.90(13)
119.52(13)
121.58(13)
122.50(14)
117.84(13)
119.63(13)
121.25(15)
120.79(15)
119.93(15)
121.16(15)
118.95(13)
121.43(14)
119.58(12)
122.63(13)
123.45(13)
124.48(12)
124.17(12)
123.45(13)
123.45(13)
119.79(13)
119.88(14)
120.33(13)
122.52(14)
119.85(13)
117.63(14)
121.35(16)
120.81(15)
119.94(17)
121.61(16)
121.39(14)
120.09(14)
118.51(13)
119.69(13)

C(91)-C(90)-C(89)
C(90)-C(91)-C(92)
C(93)-C(92)-C(91)
C(92)-C(93)-C(94)
C(81)-C(94)-C(93)
C(81)-C(94)-C(89)
C(93)-C(94)-C(89)
C(102)-C(101)-C(114)
C(102)-C(101)-C(75)
C(114)-C(101)-C(75)
C(101)-C(102)-C(103)
C(101)-C(102)-C(107)
C(103)-C(102)-C(107)
C(104)-C(103)-C(102)
C(103)-C(104)-C(105)
C(106)-C(105)-C(104)
C(105)-C(106)-C(107)
C(108)-C(107)-C(106)
C(108)-C(107)-C(102)
C(106)-C(107)-C(102)
C(107)-C(108)-C(109)
C(107)-C(108)-C(74)
C(109)-C(108)-C(74)
C(108)-C(109)-C(110)
C(108)-C(109)-C(114)
C(110)-C(109)-C(114)
C(111)-C(110)-C(109)
C(110)-C(111)-C(112)
C(113)-C(112)-C(111)
C(112)-C(113)-C(114)
C(101)-C(114)-C(113)
C(101)-C(114)-C(109)
C(113)-C(114)-C(109)

121.70(15)
120.29(15)
120.14(16)
121.78(15)
121.63(13)
120.22(14)
118.08(13)
119.65(13)
119.29(14)
121.05(13)
121.88(14)
119.85(14)
118.21(13)
121.53(15)
120.13(16)
120.58(16)
121.66(15)
122.00(13)
120.17(13)
117.82(14)
119.72(13)
120.19(13)
120.05(14)
122.13(14)
119.62(13)
118.23(13)
121.54(16)
120.11(17)
120.55(15)
121.40(15)
121.73(14)
120.12(13)
118.14(14)
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Anisotropic displacement parameters (Rx 10'3) for 44b-a. The anisotropic

displacement factor exponent takes the form: [ h2 a*2ull+ . +2 hka* b* UL2]

ull u22 u33 u23 ul3 ul?
C(1) 22(1) 31(1) 41(1) -9(1) 0(1) -8(1)
C(2) 25(1) 28(1) 39(1) -4(1) -2(1) -1(1)
C(3) 25(1) 32(1) 35(1) -7(2) -4(1) -1(1)
C4) 21(1) 28(1) 43(1) -6(1) -2(1) -3(1)
C(5) 21(1) 32(1) 41(1) 0(2) -1(1) -5(1)
C(6) 36(1) 36(1) 50(1) 4(1) -3(1) -4(1)
C(7) 47(1) 55(1) 45(1) 14(1) -9(1) -8(1)
C(8) 50(1) 68(1) 36(1) 0(2) -5(1) -12(1)
C(9) 36(1) 53(1) 39(2) -8(1) 0(1) -12(1)
C(10) 21(1) 38(1) 37(2) -6(1) 0(2) -9(1)
C(11) 35(1) 36(1) 49(1) -16(1) -4(1) -13(2)
C(12) 39(1) 32(2) 65(1) -25(2) 4(1) -9(1)
C(13) 19(1) 46(1) 52(1) -11(2) 1(1) -1(1)
C(14) 22(1) 44(1) 45(1) -9(1) -3(1) -8(1)
C(15) 41(1) 27(2) 42(1) -10(2) -6(1) 7(2)
C(16) 32(1) 30(2) 47(1) -6(1) -4(1) 7(2)
C(21) 28(1) 30(2) 62(1) -23(2) 2(2) 1(1)
C(22) 28(1) 27(2) 63(1) -17(2) 5(1) 0(2)
C(23) 34(1) 31(2) 74(1) -14(1) 4(1) -3(1)
C(24) 42(1) 36(1) 73(1) -5(1) 8(1) -2(1)
C(25) 43(1) 47(1) 61(1) -6(1) 4(1) 5(1)
C(26) 32(1) 40(2) 60(1) -13(2) 1(1) 3(2)
C(27) 24(1) 32(2) 58(1) -15(2) 2(2) 4(1)
C(28) 21(1) 34(1) 58(1) -17(2) 1(1) 2(2)
C(29) 26(1) 34(1) 54(1) -18(1) 2(2) 0(2)
C(30) 29(1) 48(1) 59(1) -19(2) 3(2) -7(1)
C(31) 44(1) 58(1) 55(1) -18(1) 8(1) -13(2)
C(32) 50(1) 64(1) 52(1) -22(1) 1(1) -8(1)
C(33) 36(1) 51(1) 57(2) -26(1) -1(1) -6(1)
C(34) 29(1) 33(2) 58(1) -22(1) 2(2) 0(2)
C(41) 34(1) 23(2) 37(2) -9(1) -6(1) -1(1)

C(42) 34(1) 27(1) 34(1) -9(1) -4(1) -2(1)
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C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)
C(51)
C(52)
C(53)
C(54)
C(61)
C(62)
C(63)
C(64)
C(65)
C(66)
C(67)

42(1)
57(1)
58(1)
40(1)
30(1)
27(1)
36(1)
46(1)
75(1)
76(1)
53(1)
38(1)
22(1)
28(1)
26(1)
18(1)
19(1)
33(1)
44(1)

45(1)
59(1)
53(1)
42(1)
28(1)
29(1)
28(1)
38(1)
44(1)
37(1)
28(1)
23(1)
32(1)
38(1)
37(1)
31(1)
34(1)
40(1)
57(1)

35(1)
32(1)
33(1)
39(1)
34(1)
39(1)
35(1)
45(1)
39(1)
37(1)
41(1)
34(1)
44(1)
37(1)
44(1)
47(1)
42(1)
46(1)
37(1)

-11(1)
7(1)
-2(1)
-6(1)
-8(1)
-10(1)
-9(1)
-9(1)
-2(1)
1(2)
2(2)
-6(1)
-4(2)
-4(1)
-12(1)
-6(1)
-6(1)
0(1)
-4(1)

0(1)
4(1)
-10(1)
-11(1)
-6(1)
-3(1)
-1(1)
8(1)
12(1)
-11(1)
-12(1)
-7(1)
-6(1)
-5(1)
-4(1)
-4(1)
-4(1)
-7(1)
-6(1)

5(1)
5(1)
5(1)
3(1)
-4(1)
-8(1)

-11(1)

-12(1)

-18(1)

-12(1)
-8(1)
7(1)
-4(1)
-5(1)
3(1)
3(2)
2(1)
-1(1)
-3(1)

Anisotropic displacement parameters (ﬂx 10'3) for 44b-a. The anisotropic

displacement factor exponent takes the form: [ h2 a*2Ull+ . + 2 hk a* b* UL2]

ull U22 U33 U23 U13 Ul2
68) 44(1) 55(1) 41(1) -16(1) -9(1) 0(1)
C(69) 34(1) 38(1) 49(1) -12(1) -8(1) -2(1)
C(70) 20(1) 34(1) 42(1) -8(1) -5(1) 0(1)
C(71) 36(1) 36(1) 50(1) -4(1) -13(1) -14(1)
C(72) 47(1) 27(1) 47(1) 0(1) -18(1) -12(1)
C(73) 26(1) 39(1) 50(1) -10(1) -14(1) 6(1)
C(74) 21(1) 39(1) 53(1) -9(1) -8(1) -2(1)
C(75) 37(1) 22(1) 58(1) -6(1) -5(1) 5(1)
C(76) 32(1) 29(1) 52(1) -6(1) -8(1) 9(1)
C(81) 37(1) 21(1) 45(1) -3(1) -16(1) -1(1)
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C(82)
C(83)
C(84)
C(85)
C(86)
C(87)
C(88)
C(89)
C(90)
C(91)
C(92)
C(93)
C(94)
C(101)
C(102)
C(103)
C(104)
C(105)
C(106)
C(107)
C(108)
C(109)
C(110)
C(111)
C(112)
C(113)
C(114)

44(1)
55(1)
75(1)
66(1)
45(1)
37(1)
31(1)
36(1)
43(1)
62(1)
59(1)
44(1)
39(1)
28(1)
28(1)
39(1)
57(1)
47(1)
30(1)
23(1)
21(1)
27(1)
38(1)
56(1)
46(1)
37(1)
27(1)

20(1)
34(1)
43(1)
41(1)
31(1)
22(1)
23(1)
25(1)
43(1)
61(1)
61(1)
42(1)
24(1)
21(1)
23(1)
37(1)
53(1)
49(1)
35(1)
26(1)
27(1)
28(1)
39(1)
51(1)
46(1)
33(1)
24(1)

43(1)
48(1)
43(1)
46(1)
52(1)
43(1)
47(1)
42(1)
46(1)
40(1)
39(1)
46(1)
41(1)
53(1)
50(1)
52(1)
46(1)
56(1)
61(1)
52(1)
55(1)
49(1)
54(1)
49(1)
61(1)
61(1)
54(1)

-5(1)

-10(1)
-12(1)

-9(1)
-8(1)
-4(1)
-6(1)
-5(1)
-8(1)
7(1)
1(1)
4(2)
0(1)
-6(1)
-5(1)
-4(1)
-3(1)
-6(1)
-5(1)
-6(1)
-8(1)
-8(1)

-10(1)
-14(1)
-23(1)
-16(1)

-9(1)

-17(1)
-20(1)
-18(1)

-2(1)
-7(1)

-12(1)
-14(1)
-16(1)
-18(1)
-17(1)

-8(1)

-13(1)
-15(1)

-4(1)
-4(1)
-6(1)
3(1)
12(1)
5(1)
-1(1)
-5(1)
-5(1)
-8(1)
5(1)
5(1)
1(1)
-1(1)

5(1)
1(1)
3(1)
2(1)
4(1)
6(1)
5(1)
2(1)

-4(1)
-12(1)
-15(1)
-13(1)

-2(1)

-5(1)

-6(1)

-3(1)

7(1)

-1(1)

-3(1)
-6(1)
-6(1)
-8(1)

-5(1)
-8(1)

-5(1)
-2(1)
-6(1)

Hydrogen coordinates ( X 16) and isotropic displacement parameters (Kx 10 3)

U(eq)
H(2) 3136 37
H(3) -700 5569 36
H(6) -2042 51
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H(7)

H(8)

H(9)

H(11)
H(12)
H(13)
H(14)
H(15)
H(16)
H(23)
H(24)
H(25)
H(26)
H(30)
H(31)
H(32)
H(33)
H(43)
H(44)
H(45)
H(46)
H(50)
H(51)
H(52)
H(53)
H(62)
H(63)
H(66)
H(67)
H(68)
H(69)
H(71)
H(72)
H(73)
H(74)
H(75)
H(76)

-2298
-1770
-1096
-1162
863
6282
5921
-616
-2289
849
1345
3103
4370
5802
5375
3296
1791
-231
536
2809
4249
5185
4422
2135
630
-5614
-5360
-5617
-6022
-6537
-6489
-6901
-5128
1152
1431
-4095
-6018

7506
6350
5165
3879
3214
5001
6109
7811
7299
2888
2500
3165
4201
5668
6005
5567
4711
6640
5855
5308
5498
6859
7676
8192
7921

203
1610
2128
1347

-657
-1166
-1945

-210

1120

3510

2908

411

684
1624
1749
2963
3394
3453
2930
3203
4388
4841
4094
1565

369
-24
771
4564
5601
5604
4561
1964
939
926
1948

13530

13162

10662
9843

10232

11436

12759

13207

13448

13106

11888

11665

63
63
51
47
52
47
44
44
44
56
62
62
52
53
62
64
55
48
60
58
48
52
65
61
49
42
42
48
56
54
47
49
49
45
45
47
45
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H(83) -3811 -1154 11744 53
H(84) -2198 -854 10771 63
H(85) 54 -389 10900 61
H(86) 609 -159 11990 51
H(90) -687 -232 14591 52
H(91) -2217 -621 15593 65
H(92) -4395 -1201 15495 65
H(93) -4985 -1406 14401 54
H(103) -2793 2711 10838 52
H(104) -1068 2373 10042 64
H(105) 884 1609 10475 63
H(106) 1114 1218 11689 52
H(110) -602 1299 14221 52
H(111) -2024 1900 14993 62
H(112) -3874 2756 14551 60
H(113) -4271 3006 13349 51
5.4.3. Appendix C: X-ray crystallography data of 5b

Empirical formula Gs.80H47.6Cl3.60

Formula weight 965.86

Temperature 170(2) K

Wavelength 0.71073 A

Crystal system monoclinic

Space group R&

Unit cell dimensions a=11.7662(7) A o= 90°.

Volume
Z

Density (calculated)

b = 14.4084(7) A
c =15.1930(11) A

2534.4(3)
2

R

1.266 Mgfn

B=100.280(8)°.

v = 90°.
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Absorption coefficient 0.255 mmh

F(000) 1007

Crystal size 0.2 x 0.1x 0.1 n¥m

Theta range for data collection 2.47 to 26.02°.

Index ranges -13<=h<=14, -16<=k<=17, -18<=I<=15
Reflections collected 9527

Independent reflections 4885 [R(int) = 0.0380]
Completeness to theta = 26.02° 97.8 %

Refinement method Full-matrix least-squares én F
Data / restraints / parameters 4885/ 4/ 326
Goodness-of-fit on & 1.021

Final R indices [I>2sigma(l)] R1 =0.0539, wR2 4294

R indices (all data) R1=0.0872, wR2 = 0.1454
Extinction coefficient 0.030(5)

Largest diff. peak and hole 0.659 and -0.3332.A
Comments

All non-hydrogen atoms were refined anisotropid. Alwere positioned with idealized geometry
and refined isotropic using a riding model. Theusture contains 1.8 molecules of
dichloromethane per formula unit, which are disoedeand which were refined using a riding
model.

Atomic coordinates ( X 16) and equivalent isotropic displacement parameter(;/—\zx 103).

U(eq) is defined as one third of the trace of therthogonalized U, tensor.

X y z U(eq)
) 4724(2) 8442(1) 1413(1) 30()
cE) 5190(2) 9033(2) 2127(1) 30(1)

C@3) 4496(2) 9718(2) 2462(2) 37(1)
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C(4)

C(5)

C(6)

C(7)

C(8)

C(9)

C(10)
C(11)
C(12)
C(13)
C(14)
C(15)
C(16)
C(17)
C(18)
C(19)
C(20)
c(21)
C(22)
C(23)
C(24)
C(25)
C(26)
c(27)
C(28)
C(29)
C(30)
C(31)
C(32)
C(33)
cl(1)
cl(2)
Ccl(2)

4958(2)
6145(2)
6832(2)
6391(2)
7097(2)
6635(2)
7331(2)
6883(3)
5712(3)
5009(2)
5437(2)
3493(2)
2550(2)
2404(2)
1299(2)
1079(2)
1960(2)
3071(2)
3289(2)
1674(2)
2400(2)
2062(2)

923(2)

638(2)
1468(2)
2607(2)
2891(2)
1068(2)
1643(2)
7862(4)
8670(1)
8600(3)
8379(8)

10307(2)
10237(2)
9596(2)
8963(2)
8308(2)
7733(2)
7076(2)
6558(2)
6648(2)
7242(2)
7808(1)
8544(2)
8148(2)
7481(2)
7128(2)
6484(2)
6148(2)
6516(2)
7168(2)
5442(2)
4883(2)
4196(1)
3890(2)
3249(2)
2882(2)
3190(2)
3823(2)
2201(2)
1711(2)
4141(3)
4699(1)
4149(3)
3864(7)

3134(2)
3521(2)
3230(2)
2520(1)
2193(2)
1467(2)
1095(2)

361(2)

-36(2)

305(2)
1068(1)

975(2)
1178(2)
1882(1)
1872(2)
2493(2)
3158(2)
3183(2)
2564(2)
3774(2)
4307(1)
4926(1)
4874(2)
5474(2)
6165(1)
6218(2)
5611(2)
6766(2)
7443(2)
1290(3)
2214(1)

385(2)

402(5)

43(1)
42(1)
36(1)
31(1)
31(1)
31(1)
40(1)
47(1)
45(1)
38(1)
30(1)
35(1)
34(1)
31(1)
39(1)
41(1)
31(1)
32(1)
33(1)
33(1)
30(1)
29(1)
36(1)
35(1)
30(1)
32(1)
32(1)
34(1)
36(1)
76(1)
74(1)
116(1)
145(5)
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Bond lengths [A]

C(1)-C(14)
C(1)-C(2)
C(1)-C(15)
C(2)-C(3)
C(2)-C(7)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(6)-C(7)
C(7)-C(8)
C(8)-C(9)
C(8)-C(32A)
C(9)-C(10)
C(9)-C(14)
C(10)-C(11)
C(11)-C(12)

1.404(3)
1.411(3)
1.489(3)
1.431(3)
1.436(3)
1.364(3)
1.419(4)
1.354(4)
1.437(3)
1.406(3)
1.409(3)
1.487(3)
1.432(3)
1.436(3)
1.368(4)
1.408(4)

C(17)-C(22)
C(18)-C(19)
C(19)-C(20)
C(20)-C(21)
C(20)-C(23)
C(21)-C(22)
C(23)-C(24)
C(24)-C(25)
C(25)-C(26)
C(25)-C(30)
C(26)-C(27)
C(27)-C(28)
C(28)-C(29)
C(28)-C(31)
C(29)-C(30)
C(31)-C(32)

1.406(3)
1.381(4)
1.397(3)
1.406(3)
1.462(3)
1.385(3)
1.337(3)
1.468(3)
1.400(3)
1.400(3)
1.380(3)
1.403(3)
1.401(3)
1.473(3)
1.380(3)
1.329(3)
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C(12)-C(13)
C(13)-C(14)
C(15)-C(16)
C(16)-C(17)
C(17)-C(18)

1.354(4)
1.434(3)
1.331(4)
1.472(3)
1.393(3

C(32)-C(8A)
C(33)-Cl(2)
C(33)-Cl(1)
C(33)-Cl(2)

1.487(3)
1.626(9)
1.745(4)
1.753(5)

Symmetry transformations used to generate equivatems: A -x+1,-y+1,-z+1

Bond angles [°].

C(14)-C(1)-C(2)
C(14)-C(1)-C(15)
C(2)-C(1)-C(15)
C(1)-C(2)-C(3)
C(1)-C(2)-C(7)
C(3)-C(2)-C(7)
C(4)-C(3)-C(2)
C(3)-C(4)-C(5)
C(6)-C(5)-C(4)
C(5)-C(6)-C(7)
C(8)-C(7)-C(2)
C(8)-C(7)-C(6)
C(2)-C(7)-C(6)
C(7)-C(8)-C(9)
C(7)-C(8)-C(32A)
C(9)-C(8)-C(32A)
C(8)-C(9)-C(10)
C(8)-C(9)-C(14)
C(10)-C(9)-C(14)
C(11)-C(10)-C(9)
C(10)-C(11)-C(12)
C(13)-C(12)-C(11)
C(12)-C(13)-C(14)
C(1)-C(14)-C(13)
C(1)-C(14)-C(9)
C(13)-C(14)-C(9)

120.2(2)
119.70(19)
119.9(2)
121.4(2)
119.7(2)
118.8(2)
121.3(2)
119.8(2)
120.9(2)
121.4(2)
120.0(2)
122.3(2)
117.7(2)
120.1(2)
119.6(2)
120.0(2)
122.0(2)
119.9(2)
118.1(2)
121.2(2)
120.2(3)
120.8(2)
121.2(2)
121.7(2)
119.92(19)
118.4(2)

C(15)-C(16)-C(17)
C(18)-C(17)-C(22)
C(18)-C(17)-C(16)
C(22)-C(17)-C(16)
C(19)-C(18)-C(17)
C(18)-C(19)-C(20)
C(19)-C(20)-C(21)
C(19)-C(20)-C(23)
C(21)-C(20)-C(23)
C(22)-C(21)-C(20)
C(21)-C(22)-C(17)
C(24)-C(23)-C(20)
C(23)-C(24)-C(25)
C(26)-C(25)-C(30)
C(26)-C(25)-C(24)
C(30)-C(25)-C(24)
C(27)-C(26)-C(25)
C(26)-C(27)-C(28)
C(29)-C(28)-C(27)
C(29)-C(28)-C(31)
C(27)-C(28)-C(31)
C(30)-C(29)-C(28)
C(29)-C(30)-C(25)
C(32)-C(31)-C(28)
C(31)-C(32)-C(8A)
CI(2)-C(33)-CI(1)

131.1(2)
117.3(2)
117.42(19)
125.3(2)
121.8(2)
121.4(2)
117.1(2)
118.6(2)
124.3(2)
121.4(2)
121.0(2)
127.8(2)
125.3(2)
117.0(2)
122.82(19)
120.1(2)
121.1(2)
121.9(2)
117.0(2)
125.69(19)
117.3(2)
121.0(2)
122.0(2)
131.2(2)
129.3(2)
123.4(4)
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C(16)-C(15)-C(1)

129.7(2)

CI(2)-C(33)-CI(2)
CI(1)-C(33)-CI(2)

16.1(5
110.7(3)

Anisotropic displacement parameters (ﬂx 10'3). The anisotropic displacement

factor exponent takes the form: -22[ h2 a*2Uy; + ...

+2hka*b*U,]

Ull U22 U33 U23 U13 U12
c@) 31(1) 30(1) 27(1) 9(1) 2(1) 2(1)
c(2) 33(1) 30(1) 27(1) 7(1) 5(1) -1(1)
c@3) 36(1) 37(1) 38(1) 7(1) 8(1) 3(1)
C(4) 51(2) 36(1) 44(1) 0(1) 12(1) 4(1)
C(5) 54(2) 37(1) 34(1) -2(1) 5(1) -7(1)
C(6) 38(1) 38(1) 32(1) 5(1) 2(1) -6(1)
c(7) 33(1) 31(1) 28(1) 10(1) 2(1) -2(1)
C(8) 29(1) 33(1) 30(1) 11(1) 3(1) -2(1)
C(9) 34(1) 29(1) 31(1) 9(1) 6(1) 0(1)
C(10) 41(1) 39(1) 41(1) 9(1) 11(1) 7(1)
C(11) 58(2) 40(1) 45(2) 1(1) 16(1) 8(1)
C(12) 59(2) 36(1) 39(1) -5(1) 8(1) -1(1)
C(13) 43(1) 35(1) 33(1) 4(1) -1(1) -3(1)
C(14) 38(1) 26(1) 26(1) 7(1) 3(1) -2(1)
C(15) 35(1) 35(1) 31(1) 10(1) -4(1) 1(1)
C(16) 31(1) 35(1) 31(1) 6(1) -5(1) 2(1)
C(17) 31(1) 29(1) 30(1) 1(1) 2(1) 0(1)
C(18) 30(1) 45(1) 40(1) 11(1) -4(1) 1(1)
C(19) 31(1) 45(1) 46(1) 10(1) 2(1) -4(1)
C(20) 35(1) 30(1) 29(1) 1(1) 5(1) 1(1)
C(21) 33(1) 32(1) 28(1) 2(1) -2(1) -1(1)
C(22) 30(1) 35(1) 31(1) 4(1) -2(1) -3(1)
C(23) 34(1) 32(1) 34(1) 2(1) 8(1) -2(1)
C(24) 34(1) 30(1) 25(1) -6(1) 5(1) -4(1)
C(25) 34(1) 26(1) 25(1) -3(1) 3(1) -2(1)
C(26) 35(1) 38(1) 31(1) 6(1) -3(1) -1(1)
c(27) 28(1) 40(1) 34(1) 5(1) -2(1) -3(1)

Symmetry transformations used to generate equivatems: A -x+1,-y+1,-z+1
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C(28) 28(1) 30(1) 29(1) 0(1) 2(1) -1(1)

C(29) 29(1) 35(1) 30(1) 4(1) -1(1) 0(1)

C(30) 30(1) 30(1) 34(1) 0(1) 1(1) -2(1)

C(31) 26(1) 40(1) 36(1) 7(1) 2(1) -2(1)

C(32) 29(1) 41(1) 38(1) 11(1) 5(1) -6(1)

C(33) 69(3) 76(3) 80(3) 15(2) 4(2) -9(2)

CI(2) 59(1) 69(1) 91(1) 1(1) 3(1) -16(1)

Cl(2) 119(2) 162(3) 74(2) 52(2) 36(2) 88(2)

cl(2) 121(6) 171(8) 106(6) -88(6) -82(5) 105(5)

Hydrogen coordinates ( X 16) and isotropic displacement parameters (Kx 10 3)

X y z U(eq)
H(3) 3698 9763 2212 44
H(4) 4486 10763 3342 52
H(5) 6461 10646 3992 50
H(6) 7624 9563 3502 43
H(10) 8119 7000 1363 48
H(11) 7364 6135 117 56
H(12) 5411 6288 -548 54
H(13) 4219 7283 33 46
H(15) 3361 8952 476 42
H(16) 1850 8328 802 41
H(18) 681 7336 1426 47
H(19) 313 6264 2468 49
H(21) 3687 6314 3635 38
H(22) 4048 7407 2600 40
H(23) 878 5372 3799 40
H(24) 3199 4935 4284 36
H(26) 336 4128 4418 43
H(27) -142 3051 5418 42
H(29) 3193 2960 6678 38
H(30) 3674 4012 5659 38
H(31) 258 2093 6649 41
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H(32) 1183
H(33A) 7109
H(33B) 7711
H(33C) 7570
H(33D) 7178

1316
4459
3492
3560
4537

7737
1117
1450
1516
1085

43
91
91
91
91

5.4.4. Appendix D: X-ray crystallography data of 56

Empirical formula
Formula weight
Temperature
Wavelength

Crystal system
Space group

Unit cell dimensions

Volume

z

Density (calculated)
Absorption coefficient

F(000)

Crystal size

Theta range for data collection
Index ranges

Reflections collected
Independent reflections
Completeness to theta = 22.40°
Refinement method

Data / restraints / parameters
Goodness-of-fit on &

Final R indices [I>2sigma(l)]

G1eHss
1481.86

170(2) K
0.71073 A
triclinic
P-1

a=15.3793(11) A

b =29.488(2) A
c =31.100(2) A
12640.5(15) R

6

1.168 Mg#n

0.066 mmh
4704

?2 X ? X ? mhm

1.78 to 22.40°.

(= 116.046(7)°.
1= 91.063(9)°.
1 = 93.008(8)°.

-16<=h<=16, -31<=k<=31, -33<=|<=33

72374
32247 [R(int) = 0.0328]
98.6 %
Full-matrix least-squares én F
3224712602/ 3274
1.022

R1 = 0.0564, wR2 4467
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R indices (all data) R1 = 0.0846, wR2 = 0.1650
Extinction coefficient 0.0046(4)

Largest diff. peak and hole 0.359 and -0.2242.A
Comments

All non-hydrogen atoms were refined anisotropid. Alwere positioned with idealized geometry
and refined isotropic using a riding model. Somehaf benzene molecules and two carbon atoms
in one of the thre crystallographically independeaiecules are disordered and were refined using

a riding model.

Atomic coordinates ( X 16) and equivalent isotropic displacement parameter(;/—\zx 103).
U(eq) is defined as one third of the trace of therthogonalized U; tensor.

X y z U(eq)
c(1) 7102(2) 9446(1) 288(1) 42(1)
c(2) 7043(2) 9442(1) 740(1) 46(1)
C(3) 6985(2) 9897(1) 1170(2) 53(1)
C(4) 6927(2) 9892(1) 1601(1) 68(1)
c(5) 6923(2) 9427(2) 1630(1) 84(1)
C(6) 6975(2) 8986(2) 1232(2) 82(1)
c(7) 7042(2) 8968(1) 767(1) 59(1)
c(8) 7126(2) 8512(1) 348(1) 70(1)
c(9) 7280(2) 8524(1) -93(1) 57(1)
C(10) 7448(2) 8083(1) -526(2) 78(1)
Cc(11) 7552(2) 8102(1) -947(1) 81(1)
Cc(12) 7502(2) 8558(1) -970(1) 70(1)
C(13) 7351(2) 8987(1) -579(1) 52(1)
C(14) 7249(2) 8997(1) -120(1) 48(1)
C(15) 7093(3) 7998(2) 310(2) 54(1)
C(16) 6370(3) 7811(2) 423(2) 64(2)
C(15) 6729(9) 8097(4) 532(4) 47(2)
C(16) 6789(17) 7743(8) 391(8) 117(7)
c(17) 6197(2) 7315(1) 439(1) 63(1)
C(18) 5384(2) 7072(1) 239(1) 56(1)
C(19) 4837(2) 7228(1) -49(1) 71(1)
C(20) 4060(3) 6983(2) -248(1) 83(1)
c(21) 3771(2) 6559(2) -194(1) 79(1)
C(22) 4245(2) 6398(1) 75(1) 63(1)
C(23) 5059(2) 6648(1) 308(1) 50(1)
C(24) 5536(2) 6490(1) 605(1) 46(1)
C(25) 6374(2) 6716(1) 786(1) 46(1)
C(26) 6887(2) 6556(1) 1077(1) 56(1)
c(27) 7704(2) 6767(1) 1242(1) 70(1)
C(28) 8054(2) 7160(2) 1139(1) 84(1)
C(29) 7581(2) 7334(2) 884(1) 83(1)
C(30) 6726(2) 7124(1) 695(1) 58(1)
C(31) 5162(2) 6084(1) 721(1) 57(1)

C(32) 4421(2) 6092(1) 937(1) 62(1)



160

Experimental part

C(33)
C(34)
C(35)
C(36)
C(37)
C(38)
C(39)
C(40)
C(41)
C(42)
C(43)
C(44)
C(45)
C(46)
C(47)
C(48)
C(49)
C(50)

3826(2)
4123(2)
3545(2)
2653(2)
2355(2)
2929(2)
2072(2)
1211(2)

678(2)

158(2)

128(2)
-328(2)
-796(2)
-796(2)
-316(2)
-312(2)

157(2)

140(2)

6507(1)
7012(1)
7388(1)
7283(1)
6774(1)
6400(1)
7700(1)
7675(1)
8119(1)
8219(1)
7895(1)
8005(1)
8443(1)
8760(1)
8667(1)
8996(1)
8877(1)
9181(1)

1113(1)
1330(1)
1471(1)
1406(1)
1187(2)
1052(2)
1563(1)
1520(1)
1704(1)
1381(1)

877(1)

562(1)

724(1)
1200(1)
1548(1)
2041(1)
2367(1)
2875(1)

60(1)
51(1)
52(1)
54(1)
93(1)
98(1)
54(1)
52(1)
46(1)
48(1)
60(1)
71(1)
68(1)
56(1)
46(1)
42(1)
42(1)
50(1)

Atomic coordinates ( X 16) and equivalent isotropic displacement parameter(s&zx 1@).

U(eq) is defined as one third of the trace of therthogonalized U tensor.

X y z U(eq)
C(51) 652(2) 9097(1) 3187(1) 58(1)
C(52) 1203(2) 8693(1) 3020(1) 59(1)
C(53) 1209(2) 8378(1) 2547(1) 52(1)
C(54) 688(2) 8449(1) 2198(1) 43(1)
C(55) -818(2) 9457(1) 2215(1) 46(1)
C(56) -612(2) 9882(1) 2179(1) 43(1)
C(57) 194(2) 10007(1) 1984(1) 39(1)
C(58) 1004(2) 10097(1) 2239(1) 39(1)
C(59) 1070(2) 10111(1) 2702(1) 48(1)
C(60) 1852(2) 10198(1) 2946(1) 57(1)
C(61) 2623(2) 10282(1) 2745(1) 57(1)
C(62) 2591(2) 10290(1) 2312(1) 50(1)
C(63) 1788(2) 10206(1) 2043(1) 41(1)
C(64) 1741(2) 10240(1) 1606(1) 41(1)
C(65) 924(2) 10194(1) 1374(1) 40(1)
C(66) 833(2) 10275(1) 954(1) 49(1)
C(67) 40(2) 10249(1) 743(1) 56(1)
C(68) -718(2) 10122(1) 922(1) 56(1)
C(69) -669(2) 10033(1) 1316(1) 48(1)
C(70) 146(2) 10073(1) 1562(1) 41(1)
c(71) 2550(2) 10335(1) 1396(1) 50(1)
c(72) 3120(2) 10008(1) 1189(1) 49(1)
C(73) 3945(2) 10073(1) 981(1) 43(1)
C(74) 4323(2) 10543(1) 1055(1) 46(1)
C(75) 5095(2) 10581(1) 846(1) 44(1)
C(76) 5523(2) 10155(1) 561(1) 39(1)
c(77) 5135(2) 9683(1) 480(1) 43(1)
C(78) 4368(2) 9645(1) 689(1) 46(1)
C(79) 6352(2) 10218(1) 359(1) 42(1)
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C(80)
C(1A)
C(2A)
C(3A)
C(4A)
C(5A)
C(6A)
C(7A)
C(8A)
C(9A)
C(10A)
C(11A)
C(12A)
C(13A)
C(14A)
C(15A)
C(16A)
C(17A)
C(18A)
C(19A)
C(20A)
C(21A)
C(22A)
C(23A)

7019(2)
10522(1)
10453(1)
10343(1)
10280(2)
10326(2)
10436(2)
10499(1)
10627(1)
10790(1)
10975(2)
11100(2)
11029(2)
10840(2)
10726(1)
10547(2)

9832(2)

9599(2)

8802(2)

8302(2)

7552(2)

7251(2)

7692(2)

8472(2)

9920(1)
2850(1)
2833(1)
3272(1)
3252(1)
2785(1)
2357(1)
2355(1)
1911(1)
1939(1)
1507(1)
1536(1)
1997(1)
2419(1)
2416(1)
1408(1)
1251(1)
762(1)
502(1)
660(1)
403(1)
-38(1)
-198(1)
66(1)

238(1)
3598(1)
4045(1)
4479(1)
4906(1)
4926(1)
4525(1)
4064(1)
3646(1)
3212(1)
2789(1)
2369(1)
2345(1)
2738(1)
3191(1)
3643(1)
3781(1)
3792(1)
3562(1)
3261(1)
3027(1)
3062(1)
3346(1)
3612(1)

43(1)
33(1)
34(1)
39(1)
45(1)
48(1)
45(1)
37(2)
39(1)
37(1)
46(1)
51(1)
49(1)
41(1)
35(1)
44(1)
47(1)
41(1)
40(1)
48(1)
56(1)
55(1)
47(1)
39(2)

Atomic coordinates ( x 16) and equivalent isotropic displacement parametereAzx 103).

U(eq) is defined as one third of the trace of therthogonalized U; tensor.

X y z U(eq)
C(24A) 8928(2) -89(1) 3918(1) 38(1)
C(25A) 9747(2) 153(1) 4130(1) 39(1)
C(26A) 10241(2) -3(1) 4428(1) 46(1)
C(27A) 11036(2) 221(1) 4625(1) 54(1)
C(28A) 11391(2) 630(1) 4549(1) 56(1)
C(29A) 10934(2) 803(1) 4278(1) 49(1)
C(30A) 10102(2) 577(1) 4059(1) 41(1)
C(31A) 8555(2) -511(1) 4010(1) 46(1)
C(32A) 7776(2) -540(1) 4184(1) 46(1)
C(33A) 7131(2) -153(1) 4336(1) 43(1)
C(34A) 7382(2) 361(1) 4582(1) 48(1)
C(35A) 6768(2) 718(1) 4713(1) 52(1)
C(36A) 5883(2) 586(1) 4604(1) 48(1)
C(37A) 5628(2) 73(1) 4358(1) 56(1)
C(38A) 6242(2) -286(1) 4230(1) 54(1)
C(39A) 5267(2) 989(1) 4761(1) 54(1)
C(40A) 4428(2) 957(1) 4678(1) 51(1)
C(41A) 3886(2) 1398(1) 4870(1) 44(1)
C(42A) 3481(2) 1565(1) 4562(1) 43(1)
C(43A) 3529(2) 1297(1) 4050(1) 53(1)
C(44A) 3168(2) 1469(1) 3758(1) 58(1)
C(45A) 2717(2) 1913(1) 3944(1) 55(1)
C(46A) 2643(2) 2177(1) 4424(1) 45(1)
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C(47A)
C(48A)
C(49A)
C(50A)
C(51A)
C(52A)
C(53A)
C(54A)
C(55A)
C(56A)
C(57A)
C(58A)
C(59A)
C(60A)
C(61A)
C(62A)
C(63A)
C(64A)
C(65A)
C(66A)
C(67A)
C(68A)
C(69A)
C(70A)
C(71A)
C(72A)
C(73A)
C(74A)
C(75A)
C(76A)

3026(1)
2958(1)
3307(2)
3206(2)
3553(2)
4030(2)
4144(2)
3788(2)
2488(2)
2714(1)
3528(1)
4344(1)
4415(2)
5199(2)
5968(2)
5931(2)
5126(1)
5081(1)
4260(1)
4173(2)
3380(2)
2618(2)
2663(2)
3481(1)
5886(2)
6504(2)
7318(1)
7668(2)
8433(1)
8887(1)

2019(1)
2296(1)
2107(1)
2355(1)
2179(1)
1743(1)
1496(1)
1661(1)
2769(1)
3204(1)
3333(1)
3374(1)
3314(1)
3369(1)
3489(1)
3554(1)
3498(1)
3582(1)
3576(1)
3691(1)
3693(1)
3571(1)
3451(1)
3453(1)
3683(1)
3363(1)
3436(1)
3908(1)
3953(1)
3533(1)

4753(1)
5254(1)
5560(1)
6065(1)
6362(1)
6175(1)
5698(1)
5369(1)
5452(1)
5441(1)
5253(1)
5486(1)
5918(1)
6150(1)
5970(1)
5564(1)
5305(1)
4889(1)
4677(1)
4276(1)
4079(1)
4258(1)
4632(1)
4860(1)
4681(1)
4510(1)
4299(1)
4363(1)
4153(1)
3877(1)

40(1)
37(1)
39(1)
44(1)
53(1)
59(1)
53(1)
42(1)
39(1)
37(1)
34(1)
33(1)
40(1)
45(1)
45(1)
41(1)
35(1)
34(1)
35(1)
44(1)
51(1)
49(1)
42(1)
36(1)
39(1)
40(1)
36(1)
39(1)
37(1)
33(1)

Atomic coordinates ( X 16) and equivalent isotropic displacement parameter(s&zx 1@).

U(eq) is defined as one third of the trace of therthogonalized U tensor.

X y z U(eq)
C(77A) 8526(1) 3057(1) 3805(1) 38(1)
C(78A) 7763(1) 3014(1) 4019(1) 38(1)
C(79A) 9710(1) 3609(1) 3677(1) 36(1)
C(80A) 10395(1) 3324(1) 3557(1) 36(1)
C(1B) 6364(1) 3889(1) 2965(1) 35(1)
C(2B) 6427(1) 3877(1) 2505(1) 36(1)
C(3B) 6498(2) 3415(1) 2084(1) 41(1)
C(4B) 6568(2) 3406(1) 1646(1) 48(1)
C(5B) 6593(2) 3860(1) 1602(1) 51(1)
C(6B) 6532(2) 4307(1) 1988(1) 46(1)
C(7B) 6426(1) 4341(1) 2458(1) 37(1)
C(8B) 6325(1) 4804(1) 2863(1) 37(1)
C(9B) 6125(1) 4802(1) 3308(1) 35(1)
C(10B) 5859(2) 5236(1) 3707(1) 38(1)
C(11B) 5708(2) 5232(1) 4134(1) 43(1)
C(12B) 5820(2) 4789(1) 4194(1) 45(1)
C(13B) 6045(2) 4362(1) 3821(1) 41(1)
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C(14B)
C(15B)
C(16B)
C(17B)
C(18B)
C(19B)
C(20B)
C(21B)
C(22B)
C(23B)
C(24B)
C(25B)
C(26B)
C(27B)
C(28B)
C(29B)
C(30B)
C(31B)
C(32B)
C(33B)
C(34B)
C(35B)
C(36B)
C(37B)
C(38B)
C(39B)
C(40B)
C(41B)
C(42B)
C(43B)
C(44B)
C(45B)
C(46B)
C(47B)
C(48B)
C(49B)

6178(1)
6462(2)
6871(2)
7135(2)
7976(2)
8554(2)
9337(2)
9602(2)
9107(2)
8291(2)
7794(2)
6950(2)
6422(2)
5590(2)
5217(2)
5702(2)
6597(2)
8152(2)
8878(2)
9492(2)
9232(2)
9820(2)
10696(2)
10968(2)
10369(2)
11302(2)
12149(2)
12707(2)
13206(2)
13184(2)
13641(2)
14165(2)
14214(2)
13735(2)
13789(2)
13343(2)

4341(1)
5277(1)
5705(1)
6147(1)
6388(1)
6239(1)
6497(1)
6916(1)
7052(1)
6790(1)
6914(1)
6687(1)
6810(1)
6612(1)
6281(1)
6141(1)
6318(1)
7294(1)
7277(1)
6874(1)
6365(1)
5996(1)
6111(1)
6607(1)
6986(1)
5697(1)
5734(1)
5304(1)
5203(1)
5510(1)
5402(1)
4989(1)
4685(1)
4778(1)
4468(1)
4593(1)

3357(1)
2815(1)
3132(1)
3048(1)
3218(1)
3498(1)
3684(1)
3606(1)
3323(1)
3110(1)
2792(1)
2634(1)
2321(1)
2190(1)
2367(1)
2654(1)
2782(1)
2636(1)
2409(1)
2241(1)
2095(1)
1951(1)
1952(1)
2087(1)
2224(1)
1799(1)
1841(1)
1663(1)
1992(1)
2497(1)
2815(1)
2654(1)
2176(1)
1827(1)
1332(1)
1004(1)

34(1)
41(1)
42(1)
38(1)
39(2)
43(1)
50(1)
54(1)
48(1)
40(1)
41(1)
40(1)
47(1)
56(1)
53(1)
46(1)
39(2)
47(1)
48(1)
44(1)
53(1)
57(1)
53(1)
70(1)
66(1)
58(1)
54(1)
44(1)
43(1)
55(1)
61(1)
58(1)
49(1)
41(1)
40(1)
45(1)

Atomic coordinates ( x 16) and equivalent isotropic displacement parameter(;Azx 103).

U(eq) is defined as one third of the trace of therthogonalized U; tensor.

X y z U(eq)
C(50B) 13435(2) 4319(1) 499(1) 59(1)
C(51B) 12974(3) 4421(1) 184(1) 81(1)
C(52B) 12375(3) 4800(1) 347(1) 89(1)
C(53B) 12278(2) 5077(1) 817(1) 63(1)
C(54B) 12768(2) 4999(1) 1169(1) 46(1)
C(55B) 14329(2) 4022(1) 1158(1) 44(1)
C(56B) 14138(2) 3586(1) 1176(1) 42(1)
C(57B) 13320(1) 3444(1) 1353(1) 37(1)
C(58B) 12520(2) 3357(1) 1093(1) 40(1)
C(59B) 12461(2) 3363(1) 636(1) 52(1)
C(60B) 11690(2) 3274(1) 387(1) 64(1)
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C(61B) 10911(2) 3172(1) 576(1) 66(1)
C(62B) 10932(2) 3151(1) 1000(1) 55(1)
C(63B) 11730(2) 3237(1) 1276(1) 42(1)
C(64B) 11765(2) 3191(1) 1708(1) 41(1)
C(65B) 12569(2) 3236(1) 1947(1) 39(1)
C(66B) 12649(2) 3148(1) 2361(1) 51(1)
C(67B) 13434(2) 3176(1) 2582(1) 61(1)
C(68B) 14199(2) 3306(1) 2407(1) 62(1)
C(69B) 14162(2) 3406(1) 2023(1) 49(1)
C(70B) 13359(2) 3366(1) 1769(1) 38(1)
C(71B) 10946(2) 3077(1) 1901(1) 52(1)
C(72B) 10389(2) 3399(1) 2132(1) 46(1)
C(73B) 9560(2) 3321(1) 2326(1) 40(1)
C(74B) 9190(2) 2844(1) 2238(1) 41(1)
C(75B) 8417(2) 2793(1) 2438(1) 41(1)
C(76B) 7972(1) 3213(1) 2726(1) 35(1)
C(77B) 8344(2) 3691(1) 2816(1) 40(1)
C(78B) 9119(2) 3739(1) 2617(1) 42(1)
C(79B) 7146(2) 3138(1) 2925(1) 39(1)
C(80B) 6463(2) 3425(1) 3032(1) 38(1)
C(1D) 1721(3) 4638(1) 5434(1) 76(1)
C(2D) 1824(2) 4777(1) 5908(1) 73(1)
C(3D) 1120(2) 4884(1) 6187(1) 72(1)
C(4D) 304(2) 4844(1) 5981(2) 83(1)
C(5D) 211(3) 4704(1) 5501(2) 91(1)
C(6D) 918(3) 4605(1) 5229(1) 87(1)
C(1E) 1676(2) 6687(1) 4507(1) 77(1)
C(2E) 1707(2) 6174(2) 4348(2) 83(1)
C(3E) 1723(2) 5868(1) 3863(2) 88(1)
C(4E) 1708(2) 6071(2) 3547(1) 82(1)
C(5E) 1680(2) 6585(1) 3707(1) 76(1)
C(6E) 1663(2) 6889(1) 4183(1) 75(1)
C(1F) 8406(2) 3156(2) 300(1) 85(1)
C(2F) 8457(2) 2643(2) 145(2) 95(1)
C(3F) 8540(3) 2449(2) 468(2) 99(1)
C(4F) 8571(2) 2760(2) 946(2) 89(1)
C(5F) 8525(2) 3270(2) 1101(1) 82(1)
C(6F) 8444(2) 3468(2) 779(2) 86(1)
C(1G) 8549(2) 1150(1) 593(1) 79(1)
C(2G) 9143(3) 1462(1) 944(1) 85(1)
C(3G) 9951(3) 1574(2) 823(1) 91(1)
C(4G) 10162(2) 1377(2) 353(1) 86(1)

Atomic coordinates ( X 16) and equivalent isotropic displacement parameter(s&zx 1@).

U(eq) is defined as one third of the trace of therthogonalized U; tensor.

X y z U(eq)
C(5G) 9565(2) 1071(1) 1(1) 80(1)
C(6G) 8753(2) 955(1) 124(1) 78(1)
C(1H) 2851(3) 7493(2) 2770(2) 99(1)
C(2H) 3675(3) 7362(2) 2756(2) 91(1)
C(3H) 4100(3) 7396(1) 3163(1) 88(1)
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C(4H)
C(5H)
C(6H)
C(1l)

c(2l)

C(3l)

Cc(al)

C(5l)

C(6l)

c(1)
C(2J)
C(3J)
C(4J)
C(5J)
C(6J)
C(1K)
C(2K)
C(3K)
C(4K)
C(5K)
C(6K)
C(1L)
c(L)
C(@3L)
c(4L)
C(5L)
C(6L)
C(1M)
c(2m)
C(3M)
C(4M)
C(5M)
C(6M)
C(IN)
C(2N)
C(3N)
C(4N)
C(5N)
C(6N)
C(10)
C(20)
C(30)
C(40)
C(50)
C(60)
C(1P)
C(2P)
C(3P)

3696(3)
2831(3)
2414(3)
6177(2)
6438(2)
6838(2)
6981(2)
6722(3)
6322(3)
-701(4)
-657(4)
128(4)
864(4)
814(4)
9(4)
4203(3)
3552(4)
2721(4)
2533(3)
3170(3)
4001(3)
6439(3)
5633(3)
4948(2)
5062(3)
5866(4)
6550(3)
8983(3)
9142(3)
9959(3)
10627(3)
10461(3)
9647(3)
4944(2)
4963(2)
5030(3)
5093(2)
5075(2)
5001(3)
3125(5)
2295(4)
2254(4)
2984(5)
3703(4)
3778(4)
8547(3)
8587(2)
7848(3)

7556(2)
7679(2)
7634(2)
1177(1)
920(1)
478(1)
301(1)
564(2)
1000(2)
4658(2)
4990(2)
5094(2)
4879(2)
4544(2)
4441(2)
1820(2)
1823(2)
1678(2)
1528(1)
1527(1)
1672(2)
1757(2)
1725(1)
1879(2)
2059(2)
2077(1)
1928(2)
1496(2)
1459(2)
1564(2)
1693(1)
1735(1)
1642(2)
7(2)
520(2)
841(2)
649(2)
141(2)
-183(2)
8945(2)
8922(2)
8622(2)
8394(2)
8433(2)
8707(2)
1323(1)
1537(1)
1662(1)

3585(2)
3596(2)
3177(2)
6445(2)
5991(1)
5863(1)
6196(1)
6653(2)
6776(2)
1928(2)
2398(2)
2643(2)
2436(2)
1943(2)
1697(2)
7826(2)
8115(2)
7942(2)
7466(1)
7175(1)
7352(1)

636(2)

434(1)

713(2)
1198(2)
1396(2)
1115(2)
5425(1)
5842(2)
6051(1)
5834(1)
5415(1)
5218(1)
2190(2)
2341(2)
2824(2)
3144(2)
3001(2)
2521(2)
1693(2)
1470(3)

952(3)

748(2)

986(2)
1442(2)
2123(2)
2607(2)
2851(1)

94(1)
111(2)
105(1)

86(1)

82(1)

81(1)

81(1)

89(1)

95(1)
122(2)
118(2)
124(2)
120(2)
130(2)
115(2)
118(2)
135(2)
118(2)

85(1)

83(1)
106(1)

91(1)

85(1)

94(1)
100(1)
101(1)
100(1)

94(1)

95(1)

89(1)

84(1)

88(1)

98(1)
108(2)
107(1)
114(2)
108(2)
106(1)
111(2)
112(2)
135(2)
131(2)
131(2)
140(2)
120(2)

88(1)

81(1)

77(1)
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Atomic coordinates ( x 16) and equivalent isotropic displacement parameter(;Azx 103).

U(eq) is defined as one third of the trace of therthogonalized U, tensor.

X y z U(eq)

C(4P) 7065(2) 1569(2) 2610(2) 93(1)
C(5P) 7032(3) 1358(2) 2121(2) 109(2)
C(6P) 7772(4) 1236(2) 1883(1) 105(2)
C(1Q) 3371(2) 2044(2) 2897(1) 87(1)
C(2Q) 3953(2) 2357(1) 3256(1) 81(1)
C(3Q) 4793(2) 2436(1) 3147(2) 86(1)
C(4Q) 5031(2) 2204(2) 2679(2) 91(1)
C(5Q) 4452(3) 1889(2) 2325(2) 101(1)
C(6Q) 3627(3) 1809(2) 2439(1) 100(1)
C(1IR) 2015(2) 4365(1) 3454(1) 71(1)
C(2R) 1803(2) 4548(1) 3923(1) 70(1)
C(3R) 2383(2) 4867(1) 4279(1) 75(1)
C(4R) 3184(2) 5002(1) 4164(1) 83(1)
C(5R) 3402(2) 4817(2) 3697(1) 84(1)
C(6R) 2818(2) 4498(1) 3338(1) 76(1)
C(1S) 6730(5) 4897(3) 564(2) 87(2)
C(29) 5961(4) 4929(2) 802(3) 75(1)
C(39) 6027(5) 5185(2) 1309(3) 79(2)
C(4S) 6834(6) 5370(3) 1539(2) 76(2)
C(5S) 7552(4) 5317(2) 1283(2) 85(2)
C(6S) 7495(4) 5087(3) 794(2) 90(2)
C(1S1) 6395(15) 4920(8) 644(6) 79(6)
C(2S1) 5997(10) 5117(8) 1063(8) 73(5)
C(3S1) 6480(13) 5307(10) 1488(7) 78(7)
C(4S1) 7357(11) 5240(6) 1501(6) 91(5)
C(5S1) 7731(10) 4983(8) 1078(7) 116(6)
C(6S1) 7245(14) 4808(9) 664(7) 134(9)
C(1T) 4187(10) -2209(8) 5310(4) 86(4)
c(2T) 4233(8) -1915(6) 5793(4) 92(4)
C(3T) 3526(7) -1667(5) 6022(4) 83(4)
C(4T) 2764(8) -1732(5) 5747(3) 91(3)
C(5T) 2714(8) -2047(4) 5255(3) 78(3)
C(6T) 3436(10) -2277(7) 5045(5) 80(5)
C(1T1) 3408(11) -2144(8) 5092(5) 89(5)
C(2T1) 2933(8) -1906(5) 5481(6) 103(4)
C(3T1) 3296(11) -1797(6) 5924(5) 105(5)
C(4T1) 4126(11) -1912(6) 5970(4) 95(4)
C(5T1) 4586(6) -2168(4) 5574(4) 80(3)
C(6T1) 4236(10) -2271(8) 5131(4) 72(3)
C(1U) 166(6) 5667(4) 619(3) 82(2)

C(2U) -131(15) 6137(7) 748(6) 98(7)

C(5U) 236(7) 5560(4) -183(3) 86(3)

C(3U) -251(7) 6312(3) 412(4) 96(3)

C(4U) -136(11) 6010(6) -63(5) 83(5)

C(6U) 359(5) 5385(3) 155(3) 84(2)

C(1U1) 536(6) 5931(4) 653(3) 85(2)

C(2u1) -309(11) 6061(6) 681(5) 77(5)
C(3U1) -736(6) 6036(4) 281(3) 84(2)

C(4u1) -356(12) 5873(8) -149(6) 118(9)

C(5U1) 514(9) 5788(5) -158(5) 109(5)
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C(6U1) 960(5) 5801(3) 238(3) 90(2)
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Bond lengths [A] and angles [°].

C(1)-C(14)
C(1)-C(2)
C(1)-C(80)
C(2)-C(3)
C(2)-C(7)
C(3)-C(4)
C(4)-C(5)
C(5)-C(6)
C(6)-C(7)
C(7)-C(8)
C(8)-C(9)
C(8)-C(15)
C(8)-C(15)
C(9)-C(14)
C(9)-C(10)
C(10)-C(11)
C(11)-C(12)
C(12)-C(13)
C(13)-C(14)
C(15)-C(16)
C(16)-C(17)

1.408(4)
1.415(4)
1.483(3)
1.428(4)
1.438(4)
1.351(4)
1.413(5)
1.354(6)
1.430(5)
1.418(5)
1.410(5)
1.465(5)
1.657(14)
1.437(4)
1.442(5)
1.349(5)
1.383(5)
1.351(4)
1.427(4)
1.336(7)
1.496(6)

C(18)-C(19)
C(19)-C(20)
C(20)-C(21)
C(21)-C(22)
C(22)-C(23)
C(23)-C(24)
C(24)-C(25)
C(24)-C(31)
C(25)-C(26)
C(25)-C(30)
C(26)-C(27)
C(27)-C(28)
C(28)-C(29)
C(29)-C(30)
C(31)-C(32)
C(32)-C(33)
C(33)-C(34)
C(33)-C(38)
C(34)-C(35)
C(35)-C(36)
C(36)-C(37)

1.448(4)
1.351(5)
1.383(5)
1.349(4)
1.427(4)
1.415(4)
1.406(4)
1.484(4)
1.431(4)
1.436(4)
1.358(4)
1.413(5)
1.341(5)
1.422(4)
1.329(4)
1.477(4)
1.384(4)
1.389(5)
1.380(4)
1.381(4)
1.396(4)




169

Experimental part

C(15))-C(16') 0.95(2) C(36)-C(39) 1.467(4)
C(16)-C(17) 1.58(3) C(37)-C(38) 1.371(5)
C(17)-C(18) 1.397(4) C(39)-C(40) 1.325(4)
C(17)-C(30) 1.423(4)  C(40)-C(41) 1.480(4)
C(18)-C(23) 1.425(4)  C(41)-C(42) 1.411(4)
Bond lengths [A] and angles [°].

C(41)-C(54) 1.413(4)  C(60)-C(61) 1.412(4)
C(42)-C(43) 1.430(4)  C(61)-C(62) 1.356(4)
C(42)-C(47) 1.433(4)  C(62)-C(63) 1.426(3)
C(43)-C(44) 1.354(4)  C(63)-C(64) 1.408(3)
C(44)-C(45) 1.408(5)  C(64)-C(65) 1.406(3)
C(45)-C(46) 1.358(4)  C(64)-C(71) 1.487(4)
C(46)-C(47) 1.431(4)  C(65)-C(66) 1.433(3)
C(47)-C(48) 1.408(4)  C(65)-C(70) 1.438(3)
C(48)-C(49) 1.410(3)  C(66)-C(67) 1.357(4)
C(48)-C(55) 1.493(4)  C(67)-C(68) 1.404(4)
C(49)-C(50) 1.435(4)  C(68)-C(69) 1.363(4)
C(49)-C(54) 1.442(3)  C(69)-C(70) 1.428(3)
C(50)-C(51) 1.354(4)  C(71)-C(72) 1.294(4)
C(51)-C(52) 1.409(4)  C(72)-C(73) 1.475(3)
C(52)-C(53) 1.352(4)  C(73)-C(78) 1.393(4)
C(53)-C(54) 1.429(4)  C(73)-C(74) 1.394(3)
C(55)-C(56) 1.330(4)  C(74)-C(75) 1.388(4)
C(56)-C(57) 1.488(3)  C(75)-C(76) 1.387(3)
C(57)-C(70) 1.410(3)  C(76)-C(77) 1.399(3)
C(57)-C(58) 1.412(33)  C(76)-C(79) 1.471(3)
C(58)-C(59) 1.425(3)  C(77)-C(78) 1.381(3)
C(58)-C(63) 1.443(3)  C(79)-C(80) 1.337(3)
C(59)-C(60) 1.360(4)

C(14)-C(1)-C(2) 119.9(2) C(15)-C(16)-C(17) 129.3(5)
C(14)-C(1)-C(80) 119.3(2) C(16')-C(15')-C(8) 128(2)
C(2)-C(1)-C(80) 120.9(2) C(15')-C(16')-C(17) 129(3)
C(1)-C(2)-C(3) 121.8(2) C(18)-C(17)-C(30) 119.9(2)
C(1)-C(2)-C(7) 119.1(3) C(18)-C(17)-C(16) 114.2(3)
C(3)-C(2)-C(7) 119.1(2) C(30)-C(17)-C(16) 125.2(3)
C(4)-C(3)-C(2) 121.7(3) C(18)-C(17)-C(16) 133.7(8)
C(3)-C(4)-C(5) 119.6(3) C(30)-C(17)-C(16)) 105.6(8)
C(6)-C(5)-C(4) 120.9(3) C(16)-C(17)-C(16)) 25.4(8)
C(5)-C(6)-C(7) 122.0(3) C(17)-C(18)-C(23) 120.5(2)
C(8)-C(7)-C(6) 122.8(3) C(17)-C(18)-C(19) 122.7(3)
C(8)-C(7)-C(2) 120.4(3) C(23)-C(18)-C(19) 116.8(3)
C(6)-C(7)-C(2) 116.8(3) C(20)-C(19)-C(18) 122.0(3)
C(9)-C(8)-C(7) 120.1(3) C(19)-C(20)-C(21) 120.4(3)
C(9)-C(8)-C(15) 112.8(3) C(22)-C(21)-C(20) 120.5(4)
C(7)-C(8)-C(15) 127.1(3) C(21)-C(22)-C(23) 122.1(3)
C(9)-C(8)-C(15" 137.5(5) C(24)-C(23)-C(18) 120.0(3)
C(7)-C(8)-C(15" 99.9(5) C(24)-C(23)-C(22) 121.8(3)
C(15)-C(8)-C(15") 31.0(4) C(18)-C(23)-C(22) 118.2(3)
C(8)-C(9)-C(14) 118.9(3) C(25)-C(24)-C(23) 119.4(2)
C(8)-C(9)-C(10) 123.5(3) C(25)-C(24)-C(31) 120.1(2)
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C(14)-C(9)-C(10)
C(11)-C(10)-C(9)
C(10)-C(11)-C(12)
C(13)-C(12)-C(11)
C(12)-C(13)-C(14)
C(1)-C(14)-C(13)
C(1)-C(14)-C(9)
C(13)-C(14)-C(9)
C(16)-C(15)-C(8)

117.6(3)
122.3(3)
119.4(3)
121.7(3)
121.9(3)
121.8(2)
121.1(3)
117.1(3)
119.5(5)

C(23)-C(24)-C(31)
C(24)-C(25)-C(26)
C(24)-C(25)-C(30)
C(26)-C(25)-C(30)
C(27)-C(26)-C(25)
C(26)-C(27)-C(28)
C(29)-C(28)-C(27)
C(28)-C(29)-C(30)
C(29)-C(30)-C(17)

120.5(3)
121.0(2)
120.5(2)
118.4(3)
120.8(3)
120.4(3)
120.6(3)
121.8(3)
123.0(3)

Bond lengths [A] and angles [°].

C(29)-C(30)-C(25)
C(17)-C(30)-C(25)
C(32)-C(31)-C(24)
C(31)-C(32)-C(33)
C(34)-C(33)-C(38)
C(34)-C(33)-C(32)
C(38)-C(33)-C(32)
C(35)-C(34)-C(33)
C(34)-C(35)-C(36)
C(35)-C(36)-C(37)
C(35)-C(36)-C(39)
C(37)-C(36)-C(39)
C(38)-C(37)-C(36)
C(37)-C(38)-C(33)
C(40)-C(39)-C(36)
C(39)-C(40)-C(41)
C(42)-C(41)-C(54)
C(42)-C(41)-C(40)
C(54)-C(41)-C(40)
C(41)-C(42)-C(43)
C(41)-C(42)-C(47)
C(43)-C(42)-C(47)
C(44)-C(43)-C(42)
C(43)-C(44)-C(45)
C(46)-C(45)-C(44)
C(45)-C(46)-C(47)
C(48)-C(47)-C(46)
C(48)-C(47)-C(42)
C(46)-C(47)-C(42)
C(47)-C(48)-C(49)
C(47)-C(48)-C(55)
C(49)-C(48)-C(55)
C(48)-C(49)-C(50)
C(48)-C(49)-C(54)
C(50)-C(49)-C(54)
C(51)-C(50)-C(49)
C(50)-C(51)-C(52)
C(53)-C(52)-C(51)
C(52)-C(53)-C(54)
C(41)-C(54)-C(53)

117.9(3)
119.0(3)
126.1(2)
126.5(2)
117.1(3)
122.6(3)
120.3(3)
120.7(3)
122.3(3)
116.8(3)
119.7(2)
123.4(3)
120.8(3)
122.2(3)
128.4(3)
124.4(2)
119.5(2)
119.7(2)
120.8(2)
121.2(2)
120.4(2)
118.3(2)
121.5(3)
120.5(3)
120.2(3)
121.7(3)
121.9(2)
120.4(2)
117.8(2)
119.2(2)
120.3(2)
120.5(2)
121.5(2)
120.6(2)
117.9(2)
121.6(2)
120.3(3)
120.3(3)
122.1(2)
122.8(2)

C(56)-C(55)-C(48)
C(55)-C(56)-C(57)
C(70)-C(57)-C(58)
C(70)-C(57)-C(56)
C(58)-C(57)-C(56)
C(57)-C(58)-C(59)
C(57)-C(58)-C(63)
C(59)-C(58)-C(63)
C(60)-C(59)-C(58)
C(59)-C(60)-C(61)
C(62)-C(61)-C(60)
C(61)-C(62)-C(63)
C(64)-C(63)-C(62)
C(64)-C(63)-C(58)
C(62)-C(63)-C(58)
C(65)-C(64)-C(63)
C(65)-C(64)-C(71)
C(63)-C(64)-C(71)
C(64)-C(65)-C(66)
C(64)-C(65)-C(70)
C(66)-C(65)-C(70)
C(67)-C(66)-C(65)
C(66)-C(67)-C(68)
C(69)-C(68)-C(67)
C(68)-C(69)-C(70)
C(57)-C(70)-C(69)
C(57)-C(70)-C(65)
C(69)-C(70)-C(65)
C(72)-C(71)-C(64)
C(71)-C(72)-C(73)
C(78)-C(73)-C(74)
C(78)-C(73)-C(72)
C(74)-C(73)-C(72)
C(75)-C(74)-C(73)
C(76)-C(75)-C(74)
C(75)-C(76)-C(77)
C(75)-C(76)-C(79)
C(77)-C(76)-C(79)
C(78)-C(77)-C(76)
C(77)-C(78)-C(73)

126.8(2)
127.1(2)
119.3(2)
120.3(2)
120.3(2)
121.6(2)
120.2(2)
118.1(2)
121.5(3)
120.3(3)
120.4(2)
121.6(3)
122.0(2)
119.9(2)
118.0(2)
119.8(2)
120.2(2)
120.0(2)
121.9(2)
120.2(2)
117.8(2)
121.6(2)
120.4(2)
120.5(3)
121.3(2)
121.5(2)
120.2(2)
118.3(2)
125.5(2)
129.1(2)
117.6(2)
119.0(2)
123.4(2)
120.9(2)
121.4(2)
117.6(2)
119.2(2)
123.2(2)
120.9(2)
121.5(2)
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C(41)-C(54)-C(49) 119.6(2) C(80)-C(79)-C(76) 129.0(2)
C(53)-C(54)-C(49) 117.5(2) C(79)-C(80)-C(1) 127.6(2)
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Bond lengths [A] and angles [°].

C(1A)-C(14A)
C(1A)-C(2A)
C(1A)-C(80A)
C(2A)-C(3A)
C(2A)-C(7A)
C(3A)-C(4A)
C(4A)-C(5A)
C(5A)-C(6A)
C(6A)-C(7A)
C(7A)-C(8A)
C(8A)-C(9A)
C(8A)-C(15A)
C(9A)-C(10A)
C(9A)-C(14A)
C(10A)-C(11A)
C(11A)-C(12A)
C(12A)-C(13A)
C(13A)-C(14A)
C(15A)-C(16A)
C(16A)-C(17A)
C(17A)-C(18A)
C(17A)-C(30A)

1.404(3)
1.418(3)
1.481(3)
1.423(3)
1.442(3)
1.359(3)
1.414(4)
1.350(4)
1.437(3)
1.408(3)
1.414(3)
1.479(3)
1.420(4)
1.444(3)
1.363(4)
1.405(4)
1.356(4)
1.428(3)
1.320(3)
1.483(3)
1.410(3)
1.416(3)

C(21A)-C(22A)
C(22A)-C(23A)
C(23A)-C(24A)
C(24A)-C(25A)
C(24A)-C(31A)
C(25A)-C(26A)
C(25A)-C(30A)
C(26A)-C(27A)
C(27A)-C(28A)
C(28A)-C(29A)
C(29A)-C(30A)
C(31A)-C(32A)
C(32A)-C(33A)
C(33A)-C(34A)
C(33A)-C(38A)
C(34A)-C(35A)
C(35A)-C(36A)
C(36A)-C(37A)
C(36A)-C(39A)
C(37A)-C(38A)
C(39A)-C(40A)
C(40A)-C(41A)

1.358(4)
1.425(4)
1.415(3)
1.411(3)
1.483(3)
1.428(3)
1.442(3)
1.356(4)
1.413(4)
1.360(4)
1.423(4)
1.338(4)
1.474(3)
1.392(4)
1.395(4)
1.381(4)
1.389(4)
1.392(4)
1.475(4)
1.387(4)
1.300(4)
1.482(4)
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C(18A)-C(23A) 1.431(3) C(41A)-C(42A) 1.405(4)
C(18A)-C(19A) 1.441(3) C(41A)-C(54A) 1.411(3)
C(19A)-C(20A) 1.352(4) C(42A)-C(47A) 1.432(3)
C(20A)-C(21A) 1.405(4) C(42A)-C(43A) 1.439(4)
Bond lengths [A] and angles [°].
C(43A)-C(44A) 1.345(4) C(61A)-C(62A) 1.356(3)
C(44A)-C(45A) 1.405(4) C(62A)-C(63A) 1.427(3)
C(45A)-C(46A) 1.356(4) C(63A)-C(64A) 1.418(3)
C(46A)-C(47A) 1.427(3) C(64A)-C(65A) 1.410(3)
C(47A)-C(48A) 1.415(3) C(64A)-C(71A) 1.484(3)
C(48A)-C(49A) 1.410(3) C(65A)-C(70A) 1.432(3)
C(48A)-C(55A) 1.488(3) C(65A)-C(66A) 1.434(3)
C(49A)-C(50A) 1.428(3) C(66A)-C(67A) 1.357(4)
C(49A)-C(54A) 1.436(3) C(67A)-C(68A) 1.404(4)
C(50A)-C(51A) 1.356(4) C(68A)-C(69A) 1.358(3)
C(51A)-C(52A) 1.410(4) C(69A)-C(70A) 1.432(3)
C(52A)-C(53A) 1.355(4) C(71A)-C(72A) 1.322(3)
C(53A)-C(54A) 1.424(4) C(72A)-C(73A) 1.472(3)
C(55A)-C(56A) 1.326(3) C(73A)-C(78A) 1.391(3)
C(56A)-C(57A) 1.493(3) C(73A)-C(74A) 1.393(3)
C(57A)-C(58A) 1.410(3) C(74A)-C(75A) 1.384(3)
C(57A)-C(70A) 1.416(3) C(75A)-C(76A) 1.392(3)
C(58A)-C(59A) 1.433(3) C(76A)-C(77A) 1.401(3)
C(58A)-C(63A) 1.436(3) C(76A)-C(79A) 1.470(3)
C(59A)-C(60A) 1.358(3) C(77A)-C(78A) 1.386(3)
C(60A)-C(61A) 1.413(4) C(79A)-C(80A) 1.336(3)
C(17A)-C(18A)-C(23A) 121.0(2)
C(14A)-C(1A)-C(2A) 119.88(19) C(17A)-C(18A)-C(19A) 121.3(2)
C(14A)-C(1A)-C(80A) 119.54(19) C(23A)-C(18A)-C(19A) 117.7(2)
C(2A)-C(1A)-C(80A) 120.6(2) C(20A)-C(19A)-C(18A) 121.6(2)
C(1A)-C(2A)-C(3A) 122.6(2) C(19A)-C(20A)-C(21A) 120.3(2)
C(1A)-C(2A)-C(7A) 119.1(2) C(22A)-C(21A)-C(20A) 120.4(3)
C(3A)-C(2A)-C(7A) 118.3(2) C(21A)-C(22A)-C(23A) 121.7(2)
C(4A)-C(3A)-C(2A) 122.1(2) C(24A)-C(23A)-C(22A) 122.4(2)
C(3A)-C(4A)-C(5A) 119.7(2) C(24A)-C(23A)-C(18A) 119.3(2)
C(6A)-C(5A)-C(4A) 120.6(2) C(22A)-C(23A)-C(18A) 118.2(2)
C(5A)-C(6A)-C(7A) 122.0(2) C(25A)-C(24A)-C(23A) 119.7(2)
C(8A)-C(7A)-C(6A) 122.1(2) C(25A)-C(24A)-C(31A) 120.1(2)
C(8A)-C(7A)-C(2A) 120.6(2) C(23A)-C(24A)-C(31A) 120.2(2)
C(6A)-C(7A)-C(2A) 117.2(2) C(24A)-C(25A)-C(26A) 121.5(2)
C(7A)-C(8A)-C(9A) 119.9(2) C(24A)-C(25A)-C(30A) 120.7(2)
C(7A)-C(8A)-C(15A) 121.3(2) C(26A)-C(25A)-C(30A) 117.8(2)
C(9A)-C(8A)-C(15A) 118.7(2) C(27A)-C(26A)-C(25A) 121.8(2)
C(8A)-C(9A)-C(10A) 122.0(2) C(26A)-C(27A)-C(28A) 120.3(2)
C(8A)-C(9A)-C(14A) 119.2(2) C(29A)-C(28A)-C(27A) 120.1(3)
C(10A)-C(9A)-C(14A) 118.8(2) C(28A)-C(29A)-C(30A) 121.8(2)
C(11A)-C(10A)-C(9A) 121.4(2) C(17A)-C(30A)-C(29A) 122.8(2)
C(10A)-C(11A)-C(12A) 120.1(2) C(17A)-C(30A)-C(25A) 119.0(2)
C(13A)-C(12A)-C(11A) 120.7(2) C(29A)-C(30A)-C(25A) 118.1(2)
C(12A)-C(13A)-C(14A) 121.8(2) C(32A)-C(31A)-C(24A) 126.7(2)
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C(1A)-C(14A)-C(13A)
C(1A)-C(14A)-C(9A)
C(13A)-C(14A)-C(9A)
C(16A)-C(15A)-C(8A)
C(15A)-C(16A)-C(17A)
C(18A)-C(17A)-C(30A)
C(18A)-C(17A)-C(16A)
C(30A)-C(17A)-C(16A)

122.0(2)
120.7(2)
117.3(2)
121.1(2)
130.3(2)
119.8(2)
117.5(2)
122.4(2)

C(31A)-C(32A)-C(33A)
C(34A)-C(33A)-C(38A)
C(34A)-C(33A)-C(32A)
C(38A)-C(33A)-C(32A)
C(35A)-C(34A)-C(33A)
C(34A)-C(35A)-C(36A)
C(35A)-C(36A)-C(37A)
C(35A)-C(36A)-C(39A)

126.8(2)
117.2(2)
121.6(2)
121.2(2)
120.6(2)
122.3(2)
117.3(2)
119.1(2)

Bond lengths [A] and angles [°].

C(37A)-C(36A)-C(39A)
C(38A)-C(37A)-C(36A)
C(37A)-C(38A)-C(33A)
C(40A)-C(39A)-C(36A)
C(39A)-C(40A)-C(41A)
C(42A)-C(41A)-C(54A)
C(42A)-C(41A)-C(40A)
C(54A)-C(41A)-C(40A)
C(41A)-C(42A)-C(47A)
C(41A)-C(42A)-C(43A)
C(47A)-C(42A)-C(43A)
C(44A)-C(43A)-C(42A)
C(43A)-C(44A)-C(45A)
C(46A)-C(45A)-C(44A)
C(45A)-C(46A)-C(47A)
C(48A)-C(47A)-C(46A)
C(48A)-C(47A)-C(42A)
C(46A)-C(47A)-C(42A)
C(49A)-C(48A)-C(47A)
C(49A)-C(48A)-C(55A)
C(47A)-C(48A)-C(55A)
C(48A)-C(49A)-C(50A)
C(48A)-C(49A)-C(54A)
C(50A)-C(49A)-C(54A)
C(51A)-C(50A)-C(49A)
C(50A)-C(51A)-C(52A)
C(53A)-C(52A)-C(51A)
C(52A)-C(53A)-C(54A)
C(41A)-C(54A)-C(53A)
C(41A)-C(54A)-C(49A)
C(53A)-C(54A)-C(49A)
C(56A)-C(55A)-C(48A)
C(55A)-C(56A)-C(57A)
C(58A)-C(57A)-C(70A)
C(58A)-C(57A)-C(56A)
C(70A)-C(57A)-C(56A)
C(57A)-C(58A)-C(59A)

123.6(2)
120.5(3)
122.1(2)
129.6(3)
123.6(3)
119.5(2)
120.6(2)
119.9(2)
120.3(2)
121.6(2)
118.1(2)
121.2(3)
120.9(3)
120.3(3)
121.6(2)
121.7(2)
120.4(2)
117.9(2)
119.1(2)
120.6(2)
120.3(2)
121.3(2)
120.3(2)
118.4(2)
121.5(2)
120.1(2)
120.5(2)
121.9(2)
122.2(2)
120.2(2)
117.7(2)
127.8(2)
127.0(2)
119.2(2)
120.51(19)
120.06(19)
121.4(2)

C(57A)-C(58A)-C(63A)
C(59A)-C(58A)-C(63A)
C(60A)-C(59A)-C(58A)
C(59A)-C(60A)-C(61A)
C(62A)-C(61A)-C(60A)
C(61A)-C(62A)-C(63A)
C(64A)-C(63A)-C(62A)
C(64A)-C(63A)-C(58A)
C(62A)-C(63A)-C(58A)
C(65A)-C(64A)-C(63A)
C(65A)-C(64A)-C(71A)
C(63A)-C(64A)-C(71A)
C(64A)-C(65A)-C(70A)
C(64A)-C(65A)-C(66A)
C(70A)-C(65A)-C(66A)
C(67A)-C(66A)-C(65A)
C(66A)-C(67A)-C(68A)
C(69A)-C(68A)-C(67A)
C(68A)-C(69A)-C(70A)
C(57A)-C(70A)-C(65A)
C(57A)-C(70A)-C(69A)
C(65A)-C(70A)-C(69A)
C(72A)-C(71A)-C(64A)
C(71A)-C(72A)-C(73A)
C(78A)-C(73A)-C(74A)
C(78A)-C(73A)-C(72A)
C(74A)-C(73A)-C(72A)
C(75A)-C(74A)-C(73A)
C(74A)-C(75A)-C(76A)
C(75A)-C(76A)-C(77A)
C(75A)-C(76A)-C(79A)
C(77A)-C(76A)-C(79A)
C(78A)-C(77A)-C(76A)
C(77A)-C(78A)-C(73A)
C(80A)-C(79A)-C(76A)
C(79A)-C(80A)-C(1A)

120.35(19)
118.2(2)
121.3(2)
120.4(2)
120.4(2)
121.7(2)
121.9(2)
120.0(2)
118.1(2)
119.52(19)
119.74(19)
120.7(2)
120.12(19)
121.8(2)
118.0(2)
121.5(2)
120.4(2)
120.6(2)
121.4(2)
120.4(2)
121.4(2)
118.1(2)
124.5(2)
127.6(2)
117.7(2)
118.8(2)
123.4(2)
120.9(2)
121.7(2)
117.5(2)
118.90(19)
123.6(2)
120.7(2)
121.6(2)
129.6(2)
128.5(2)
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Bond lengths [A] and angles [°].

C(1B)-C(14B)
C(1B)-C(2B)
C(1B)-C(80B)
C(2B)-C(3B)
C(2B)-C(7B)
C(3B)-C(4B)
C(4B)-C(5B)
C(5B)-C(6B)
C(6B)-C(7B)
C(7B)-C(8B)
C(8B)-C(9B)
C(8B)-C(15B)
C(9B)-C(10B)
C(9B)-C(14B)
C(10B)-C(11B)
C(11B)-C(12B)
C(12B)-C(13B)
C(13B)-C(14B)
C(15B)-C(16B)

1.403(3)
1.422(3)
1.486(3)
1.425(3)
1.439(3)
1.358(3)
1.405(4)
1.346(4)
1.433(3)
1.411(3)
1.426(3)
1.470(3)
1.423(3)
1.440(3)
1.357(3)
1.417(3)
1.353(4)
1.435(3)
1.329(4)

C(21B)-C(22B)
C(22B)-C(23B)
C(23B)-C(24B)
C(24B)-C(25B)
C(24B)-C(31B)
C(25B)-C(26B)
C(25B)-C(30B)
C(26B)-C(27B)
C(27B)-C(28B)
C(28B)-C(29B)
C(29B)-C(30B)
C(31B)-C(32B)
C(32B)-C(33B)
C(33B)-C(38B)
C(33B)-C(34B)
C(34B)-C(35B)
C(35B)-C(36B)
C(36B)-C(37B)
C(36B)-C(39B)

1.353(4)
1.424(4)
1.419(3)
1.405(4)
1.487(3)
1.430(3)
1.442(3)
1.356(4)
1.419(4)
1.360(4)
1.430(4)
1.325(4)
1.471(4)
1.380(4)
1.397(4)
1.375(4)
1.371(4)
1.370(4)
1.487(4)
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C(16B)-C(17B) 1.474(3) C(37B)-C(38B) 1.409(4)
C(17B)-C(18B) 1.415(3) C(39B)-C(40B) 1.301(4)
C(17B)-C(30B) 1.418(3) C(40B)-C(41B) 1.472(4)
C(18B)-C(23B) 1.432(3) C(41B)-C(54B) 1.405(4)
C(18B)-C(19B) 1.446(3) C(41B)-C(42B) 1.410(4)
C(19B)-C(20B) 1.362(4) C(42B)-C(43B) 1.431(4)
C(20B)-C(21B) 1.402(4) C(42B)-C(47B) 1.433(3)
Bond lengths [A] and angles [°].

C(43B)-C(44B) 1.358(4) C(63B)-C(64B) 1.410(3)
C(44B)-C(45B) 1.403(4) C(64B)-C(65B) 1.399(3)
C(45B)-C(46B) 1.364(4) C(64B)-C(71B) 1.488(3)
C(46B)-C(47B) 1.431(3) C(65B)-C(66B) 1.426(3)
C(47B)-C(48B) 1.410(3) C(65B)-C(70B) 1.446(3)
C(48B)-C(49B) 1.406(3) C(66B)-C(67B) 1.358(4)
C(48B)-C(55B) 1.490(3) C(67B)-C(68B) 1.409(4)
C(49B)-C(50B) 1.431(4) C(68B)-C(69B) 1.352(4)
C(49B)-C(54B) 1.439(4) C(69B)-C(70B) 1.425(3)
C(50B)-C(51B) 1.345(4) C(71B)-C(72B) 1.288(4)
C(51B)-C(52B) 1.409(5) C(72B)-C(73B) 1.470(3)
C(52B)-C(53B) 1.341(4) C(73B)-C(78B) 1.388(3)
C(53B)-C(54B) 1.425(4) C(73B)-C(74B) 1.398(3)
C(55B)-C(56B) 1.328(3) C(74B)-C(75B) 1.383(3)
C(56B)-C(57B) 1.494(3) C(75B)-C(76B) 1.394(3)
C(57B)-C(58B) 1.407(3) C(76B)-C(77B) 1.398(3)
C(57B)-C(70B) 1.410(3) C(76B)-C(79B) 1.472(3)
C(58B)-C(59B) 1.430(3) C(77B)-C(78B) 1.383(3)
C(58B)-C(63B) 1.443(3) C(79B)-C(80B) 1.336(3)
C(59B)-C(60B) 1.352(4) C(18B)-C(17B)-C(30B) 119.2(2)
C(60B)-C(61B) 1.420(4) C(18B)-C(17B)-C(16B) 118.4(2)
C(14B)-C(1B)-C(2B) 119.5(2) C(30B)-C(17B)-C(16B) 122.3(2)
C(14B)-C(1B)-C(80B) 119.9(2) C(17B)-C(18B)-C(23B) 120.5(2)
C(2B)-C(1B)-C(80B) 120.6(2) C(17B)-C(18B)-C(19B) 122.3(2)
C(1B)-C(2B)-C(3B) 121.8(2) C(23B)-C(18B)-C(19B) 117.2(2)
C(1B)-C(2B)-C(7B) 119.5(2) C(20B)-C(19B)-C(18B) 121.4(2)
C(3B)-C(2B)-C(7B) 118.6(2) C(19B)-C(20B)-C(21B) 120.3(2)
C(4B)-C(3B)-C(2B) 121.6(2) C(22B)-C(21B)-C(20B) 120.5(3)
C(3B)-C(4B)-C(5B) 119.8(2) C(21B)-C(22B)-C(23B) 121.7(2)
C(6B)-C(5B)-C(4B) 120.9(2) C(24B)-C(23B)-C(22B) 121.8(2)
C(5B)-C(6B)-C(7B) 122.1(2) C(24B)-C(23B)-C(18B) 119.7(2)
C(8B)-C(7B)-C(6B) 122.7(2) C(22B)-C(23B)-C(18B) 118.6(2)
C(8B)-C(7B)-C(2B) 120.5(2) C(25B)-C(24B)-C(23B) 119.7(2)
C(6B)-C(7B)-C(2B) 116.9(2) C(25B)-C(24B)-C(31B) 119.8(2)
C(7B)-C(8B)-C(9B) 119.4(2) C(23B)-C(24B)-C(31B) 120.5(2)
C(7B)-C(8B)-C(15B) 118.6(2) C(24B)-C(25B)-C(26B) 121.4(2)
C(9B)-C(8B)-C(15B) 122.0(2) C(24B)-C(25B)-C(30B) 120.2(2)
C(10B)-C(9B)-C(8B) 122.8(2) C(26B)-C(25B)-C(30B) 118.4(2)
C(10B)-C(9B)-C(14B) 118.1(2) C(27B)-C(26B)-C(25B) 121.5(2)
C(8B)-C(9B)-C(14B) 119.1(2) C(26B)-C(27B)-C(28B) 120.2(2)
C(11B)-C(10B)-C(9B) 121.8(2) C(29B)-C(28B)-C(27B) 120.4(3)
C(10B)-C(11B)-C(12B) 120.2(2) C(28B)-C(29B)-C(30B) 121.6(2)
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Experimental part

C(13B)-C(12B)-C(11B)
C(12B)-C(13B)-C(14B)
C(1B)-C(14B)-C(13B)
C(1B)-C(14B)-C(9B)
C(13B)-C(14B)-C(9B)
C(16B)-C(15B)-C(8B)
C(15B)-C(16B)-C(17B)
C(61B)-C(62B)
C(62B)-C(63B)

120.2(2)
121.7(2)
121.3(2)
120.9(2)
117.8(2)
126.6(2)
125.9(2)
1.344(4)
1.431(4)

C(17B)-C(30B)-C(29B)
C(17B)-C(30B)-C(25B)
C(29B)-C(30B)-C(25B)
C(32B)-C(31B)-C(24B)
C(31B)-C(32B)-C(33B)
C(38B)-C(33B)-C(34B)
C(38B)-C(33B)-C(32B)
C(34B)-C(33B)-C(32B)
C(35B)-C(34B)-C(33B)

122.6(2)
119.8(2)
117.6(2)
127.1(2)
128.0(2)
116.4(2)
120.8(2)
122.8(2)
121.9(3)

Bond lengths [A] and angles [°].

C(36B)-C(35B)-C(34B)
C(37B)-C(36B)-C(35B)
C(37B)-C(36B)-C(39B)
C(35B)-C(36B)-C(39B)
C(36B)-C(37B)-C(38B)
C(33B)-C(38B)-C(37B)
C(40B)-C(39B)-C(36B)
C(39B)-C(40B)-C(41B)
C(54B)-C(41B)-C(42B)
C(54B)-C(41B)-C(40B)
C(42B)-C(41B)-C(40B)
C(41B)-C(42B)-C(43B)
C(41B)-C(42B)-C(47B)
C(43B)-C(42B)-C(47B)
C(44B)-C(43B)-C(42B)
C(43B)-C(44B)-C(45B)
C(46B)-C(45B)-C(44B)
C(45B)-C(46B)-C(47B)
C(48B)-C(47B)-C(46B)
C(48B)-C(47B)-C(42B)
C(46B)-C(47B)-C(42B)
C(49B)-C(48B)-C(47B)
C(49B)-C(48B)-C(55B)
C(47B)-C(48B)-C(55B)
C(48B)-C(49B)-C(50B)
C(48B)-C(49B)-C(54B)
C(50B)-C(49B)-C(54B)
C(51B)-C(50B)-C(49B)
C(50B)-C(51B)-C(52B)
C(53B)-C(52B)-C(51B)
C(52B)-C(53B)-C(54B)
C(41B)-C(54B)-C(53B)
C(41B)-C(54B)-C(49B)
C(53B)-C(54B)-C(49B)
C(56B)-C(55B)-C(48B)
C(55B)-C(56B)-C(57B)
C(58B)-C(57B)-C(70B)
C(58B)-C(57B)-C(56B)

121.6(3)
117.7(3)
123.0(3)
119.2(2)
121.2(3)
121.1(3)
128.3(3)
125.0(3)
119.3(2)
121.1(2)
119.6(2)
121.4(2)
120.5(2)
118.1(2)
121.5(3)
120.6(3)
120.4(3)
121.3(2)
121.5(2)
120.2(2)
118.3(2)
119.2(2)
120.3(2)
120.5(2)
121.5(2)
120.5(2)
118.0(2)
121.5(3)
120.2(3)
120.7(3)
121.8(3)
122.4(2)
120.0(2)
117.6(2)
126.5(2)
126.2(2)
119.5(2)
120.7(2)

C(70B)-C(57B)-C(56B)
C(57B)-C(58B)-C(59B)
C(57B)-C(58B)-C(63B)
C(59B)-C(58B)-C(63B)
C(60B)-C(59B)-C(58B)
C(59B)-C(60B)-C(61B)
C(62B)-C(61B)-C(60B)
C(61B)-C(62B)-C(63B)
C(64B)-C(63B)-C(62B)
C(64B)-C(63B)-C(58B)
C(62B)-C(63B)-C(58B)
C(65B)-C(64B)-C(63B)
C(65B)-C(64B)-C(71B)
C(63B)-C(64B)-C(71B)
C(64B)-C(65B)-C(66B)
C(64B)-C(65B)-C(70B)
C(66B)-C(65B)-C(70B)
C(67B)-C(66B)-C(65B)
C(66B)-C(67B)-C(68B)
C(69B)-C(68B)-C(67B)
C(68B)-C(69B)-C(70B)
C(57B)-C(70B)-C(69B)
C(57B)-C(70B)-C(65B)
C(69B)-C(70B)-C(65B)
C(72B)-C(71B)-C(64B)
C(71B)-C(72B)-C(73B)
C(78B)-C(73B)-C(74B)
C(78B)-C(73B)-C(72B)
C(74B)-C(73B)-C(72B)
C(75B)-C(74B)-C(73B)
C(74B)-C(75B)-C(76B)
C(75B)-C(76B)-C(77B)
C(75B)-C(76B)-C(79B)
C(77B)-C(76B)-C(79B)
C(78B)-C(77B)-C(76B)
C(77B)-C(78B)-C(73B)
C(80B)-C(79B)-C(76B)
C(79B)-C(80B)-C(1B)

119.7(2)
122.0(2)
120.2(2)
117.7(2)
121.7(3)
120.3(3)
120.5(3)
121.6(3)
121.9(2)
119.9(2)
118.2(2)
120.0(2)
120.3(2)
119.7(2)
122.3(2)
120.1(2)
117.7(2)
122.1(2)
119.9(2)
120.7(3)
121.7(2)
122.0(2)
120.0(2)
117.9(2)
125.8(2)
129.8(2)
117.4(2)
119.3(2)
123.3(2)
121.0(2)
121.3(2)
117.7(2)
119.3(2)
122.9(2)
120.6(2)
121.9(2)
128.3(2)
127.4(2)
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Bond lengths [A] and angles [°].

C(1D)-C(2D)
C(1D)-C(6D)
C(2D)-C(3D)
C(3D)-C(4D)
C(4D)-C(5D)
C(5D)-C(6D)
C(2D)-C(1D)-C(6D)
C(1D)-C(2D)-C(3D)
C(2D)-C(3D)-C(4D)
C(5D)-C(4D)-C(3D)
C(6D)-C(5D)-C(4D)
C(5D)-C(6D)-C(1D)

C(1F)-C(6F)
C(1F)-C(2F)
C(2F)-C(3F)
C(3F)-C(4F)
C(4F)-C(5F)
C(5F)-C(6F)
C(6F)-C(1F)-C(2F)
C(3F)-C(2F)-C(1F)
C(4F)-C(3F)-C(2F)
C(3F)-C(4F)-C(5F)
C(6F)-C(5F)-C(4F)
C(1F)-C(6F)-C(5F)

C(1H)-C(2H)
C(1H)-C(6H)
C(2H)-C(3H)
C(3H)-C(4H)
C(4H)-C(5H)
C(5H)-C(6H)
C(2H)-C(1H)-C(6H)
C(1H)-C(2H)-C(3H)
C(4H)-C(3H)-C(2H)
C(3H)-C(4H)-C(5H)
C(6H)-C(5H)-C(4H)
C(1H)-C(6H)-C(5H)

C(1J)-C(6J)
C(13)-C(2J)
C(23)-C(3J)
C(33)-C(4J)
C(43)-C(5J)
C(5J)-C(6J)
C(6J)-C(1J)-C(2J)
C(1J)-C(2J)-C(3J)
C(4J)-C(3J)-C(2J)
C(3J)-C(4J)-C(5J)
C(6J)-C(5J)-C(4J)
C(1J)-C(6J)-C(5J)

1.350(5)
1.359(5)
1.362(5)
1.372(5)
1.366(5)
1.355(6)
120.7(3)
120.1(3)
119.6(3)
119.6(3)
120.3(3)
119.7(3)

1.363(5)
1.382(5)
1.362(6)
1.361(5)
1.370(5)
1.367(5)
119.2(4)
120.5(4)
120.2(4)
119.6(4)
120.6(4)
120.0(4)

1.340(5)
1.351(6)
1.377(5)
1.359(5)
1.394(6)
1.390(6)
120.5(4)
120.2(4)
121.2(4)
118.5(4)
119.0(4)
120.5(4)

1.347(7)
1.354(6)
1.362(6)
1.357(7)
1.411(6)
1.391(6)
122.0(6)
118.4(6)
122.7(5)
118.4(5)
118.2(6)
120.3(5)

C(1E)-C(2E)
C(1E)-C(6E)
C(2E)-C(3E)
C(3E)-C(4E)
C(4E)-C(5E)
C(5E)-C(6E)
C(2E)-C(1E)-C(6E)
C(1E)-C(2E)-C(3E)
C(4E)-C(3E)-C(2E)
C(3E)-C(4E)-C(5E)
C(6E)-C(5E)-C(4E)
C(5E)-C(6E)-C(1E)

C(1G)-C(6G)
C(1G)-C(2G)
C(2G)-C(3G)
C(3G)-C(4G)
C(4G)-C(5G)
C(5G)-C(6G)
C(6G)-C(1G)-C(2G)
C(1G)-C(2G)-C(3G)
C(4G)-C(3G)-C(2G)
C(5G)-C(4G)-C(3G)
C(4G)-C(5G)-C(6G)
C(1G)-C(6G)-C(5G)

C(11)-C(21)
C(11)-C(6l)
C(21)-C(31)
C(31)-C(4l)
C(41)-C(51)
C(51)-C(61)
C(21)-C(11)-C(6l)
C(11)-C(21)-C(3l)
C(21)-C(31)-C(4l)
C(51)-C(41)-C(31)
C(61)-C(51)-C(4l)
C(51)-C(6)-C(11)

C(1K)-C(2K)
C(1K)-C(6K)
C(2K)-C(3K)
C(3K)-C(4K)
C(4K)-C(5K)
C(5K)-C(6K)
C(2K)-C(1K)-C(6K)
C(3K)-C(2K)-C(1K)
C(2K)-C(3K)-C(4K)
C(5K)-C(4K)-C(3K)
C(4K)-C(5K)-C(6K)
C(5K)-C(6K)-C(1K)

1.372(5)
1.379(5)
1.376(5)
1.358(5)
1.373(5)
1.354(5)
120.0(3)
119.2(4)
120.4(3)
120.3(4)
119.9(4)
120.3(3)

1.362(5)
1.367(5)
1.371(5)
1.367(5)
1.365(5)
1.381(5)
120.4(3)
119.6(4)
120.4(4)
120.0(3)
119.6(3)
120.0(3)

1.358(5)
1.363(5)
1.368(5)
1.368(5)
1.367(5)
1.356(5)
120.3(3)
119.8(3)
119.8(3)
119.9(3)
120.0(3)
120.1(4)

1.357(6)
1.364(5)
1.350(6)
1.363(5)
1.347(5)
1.352(5)
118.6(4)
121.2(4)
119.4(4)
120.2(4)
120.1(4)
120.6(4)

Experimental part
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Bond lengths [A] and angles [°].

C(1L)-C(6L) 1.350(6) C(1M)-C(6M) 1.366(5)
C(1L)-C(2L) 1.360(5) C(1M)-C(2M) 1.368(5)
C(2L)-C(3L) 1.345(5) C(2M)-C(3M) 1.359(5)
C(3L)-C(4L) 1.363(6) C(3M)-C(4M) 1.365(5)
C(4L)-C(5L) 1.359(6) C(4M)-C(5M) 1.381(5)
C(5L)-C(6L) 1.346(6) C(5M)-C(6M) 1.344(5)
C(6L)-C(1L)-C(2L) 120.2(4) C(6M)-C(1M)-C(2M) 119.9(4)
C(3L)-C(2L)-C(1L) 119.8(4) C(3M)-C(2M)-C(1M) 120.3(4)
C(2L)-C(3L)-C(4L) 119.9(4) C(2M)-C(3M)-C(4M) 119.7(4)
C(5L)-C(4L)-C(3L) 119.9(4) C(3M)-C(4M)-C(5M) 119.7(4)
C(6L)-C(5L)-C(4L) 119.9(4) C(6M)-C(5M)-C(4M) 120.2(3)
C(5L)-C(6L)-C(1L) 120.2(4) C(5M)-C(6M)-C(1M) 120.1(4)
C(1IN)-C(2N) 1.373(6) C(10)-C(60) 1.318(7)
C(1N)-C(6N) 1.376(6) C(10)-C(20) 1.425(7)
C(2N)-C(3N) 1.378(6) C(20)-C(30) 1.455(7)
C(3N)-C(4N) 1.349(6) C(30)-C(40) 1.360(7)
C(4N)-C(5N) 1.360(6) C(40)-C(50) 1.290(7)
C(5N)-C(6N) 1.372(6) C(50)-C(60) 1.284(6)
C(2N)-C(1N)-C(6N) 119.9(4) C(60)-C(10)-C(20) 121.4(5)
C(1N)-C(2N)-C(3N) 119.6(5) C(10)-C(20)-C(30) 113.9(5)
C(4N)-C(3N)-C(2N) 119.8(5) C(40)-C(30)-C(20) 117.3(5)
C(3N)-C(4N)-C(5N) 121.3(4) C(50)-C(40)-C(30) 123.7(5)
C(4N)-C(5N)-C(6N) 119.6(5) C(60)-C(50)-C(40) 121.2(6)
C(5N)-C(6N)-C(1N) 119.8(5) C(50)-C(60)-C(10) 122.4(6)
C(1P)-C(6P) 1.346(6)  C(1Q)-C(6Q) 1.358(5)
C(1P)-C(2P) 1.351(5)  C(1Q)-C(2Q) 1.368(5)
C(2P)-C(3P) 1.352(5)  C(2Q)-C(3Q) 1.374(5)
C(3P)-C(4P) 1.356(5)  C(3Q)-C(4Q) 1.374(5)
C(4P)-C(5P) 1.364(6)  C(4Q)-C(5Q) 1.359(5)
C(5P)-C(6P) 1.346(6)  C(5Q)-C(6Q) 1.360(5)
C(6P)-C(1P)-C(2P) 120.0(4) C(6Q)-C(1Q)-C(2Q) 120.1(3)
C(1P)-C(2P)-C(3P) 120.1(3) C(1Q)-C(2Q)-C(3Q) 119.3(4)
C(2P)-C(3P)-C(4P) 120.1(3) C(4Q)-C(3Q)-C(2Q) 119.6(3)
C(3P)-C(4P)-C(5P) 119.4(4) C(5Q)-C(4Q)-C(3Q) 120.8(3)
C(6P)-C(5P)-C(4P) 120.0(4) C(4Q)-C(5Q)-C(6Q) 119.0(4)
C(5P)-C(6P)-C(1P) 120.5(4) C(1Q)-C(6Q)-C(5Q) 121.2(4)
C(1R)-C(2R) 1.368(5)  C(3R)-C(4R) 1.375(5)
C(1R)-C(6R) 1.378(4)  C(4R)-C(5R) 1.366(5)
C(2R)-C(3R) 1.366(5)  C(5R)-C(6R) 1.374(5)
C(2R)-C(1R)-C(6R) 120.1(3) C(5R)-C(4R)-C(3R) 120.2(3)
C(3R)-C(2R)-C(1R) 120.2(3) C(4R)-C(5R)-C(6R) 120.0(3)

C(2R)-C(3R)-C(4R) 119.8(3) C(5R)-C(6R)-C(1R) 119.6(3)
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Bond lengths [A] and angles [°].

C(1S)-C(6S)
C(1S)-C(2S)
C(2S)-C(3S)
C(3S)-C(4S)
C(4S)-C(5S)
C(5S)-C(6S)
C(6S)-C(1S)-C(2S)
C(1S)-C(2S)-C(3S)
C(4S)-C(3S)-C(2S)
C(5S)-C(4S)-C(3S)
C(4S)-C(5S)-C(6S)
C(1S)-C(6S)-C(5S)

C(1T)-C(6T)
C(1T)-C(2T)
C(2T)-C(3T)
C(3T)-C(4T)
C(4T)-C(5T)
C(5T)-C(6T)
C(6T)-C(1T)-C(2T)
C(1T)-C(2T)-C(3T)
C(2T)-C(3T)-C(4T)
C(3T)-C(4T)-C(5T)
C(6T)-C(5T)-C(4T)
C(5T)-C(6T)-C(1T)

C(1U)-C(6V)
C(1U)-C(2V)
C(2U)-C(3V)
C(5U)-C(4V)
C(5U)-C(6V)
C(3U)-C(4V)
C(6U)-C(1U)-C(2V)
C(3U)-C(2U)-C(1U)
C(4U)-C(5U)-C(6U)
C(2U)-C(3U)-C(4U)
C(3U)-C(4U)-C(5V)
C(1U)-C(6U)-C(5U)

1.326(8)
1.392(9)
1.416(8)

1.380(10)

1.350(8)

1.365(7)
122.5(5)
116.8(5)
119.5(5)
120.2(5)
120.9(5)
120.0(5)

1.360(12)
1.363(12)
1.370(12)
1.391(11)
1.397(10)
1.355(12)
121.2(12)
120.6(11)
117.9(11)
121.2(11)
118.5(11)
120.6(12)

1.360(9)
1.370(13)
1.366(12)
1.371(11)
1.373(9)
1.371(11)
118.9(9)
120.2(12)
120.3(8)
121.0(10)
118.0(9)
120.8(7)

C(1S1)-C(2S1)
C(1S1)-C(6S1)
C(2S1)-C(3S1)
C(3S1)-C(4S1)
C(4S1)-C(5S1)
C(5S1)-C(6S1)
C(2S1)-C(1S1)-C(6S1)
C(1S1)-C(2S1)-C(3S1)
C(2S1)-C(3S1)-C(4S1)
C(5S1)-C(4S1)-C(3S1)
C(6S1)-C(5S1)-C(4S1)
C(5S1)-C(6S1)-C(1S1)

C(1T1)-C(2T1)
C(1T1)-C(6T1)
C(2T1)-C(3T1)
C(3T1)-C(4T1)
C(4T1)-C(5T1)
C(5T1)-C(6T1)
C(2T1)-C(1T1)-C(6T1)
C(1T1)-C(2T1)-C(3T1)
C(4T1)-C(3T1)-C(2T1)
C(3T1)-C(4T1)-C(5T1)
C(4T1)-C(5T1)-C(6T1)
C(1T1)-C(6T1)-C(5T1)

C(1U1)-C(6U1)
C(1U1)-C(2U1)
C(2U1)-C(3U1)
C(3U1)-C(4U1)
C(4U1)-C(5U1)
C(5U1)-C(6U1)
C(6U1)-C(1U1)-C(2U1)
C(3U1)-C(2U1)-C(1U1)
C(4U1)-C(3U1)-C(2U1)
C(3U1)-C(4U1)-C(5U1)
C(4U1)-C(5U1)-C(6U1)
C(1U1)-C(6U1)-C(5U1)

1.347(13)
1.373(13)
1.370(13)
1.376(13)
1.355(13)
1.351(13)
116.3(13)
120.2(13)
121.5(14)
117.6(13)
119.8(13)
122.9(15)

1.353(12)
1.364(12)
1.371(12)
1.358(12)
1.364(11)
1.366(11)
121.9(12)
118.6(11)
120.2(11)
120.5(11)
119.6(10)
119.0(11)

1.363(12)
1.367(13)
1.365(11)
1.363(12)
1.371(13)
1.385(15)
120.5(9)
119.1(11)
122.2(11)
117.4(14)
121.2(12)
118.9(9)

Experimental part
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Anisotropic displacement parameters (ﬂx 103). The anisotropic

displacement factor exponent takes the form: #2[ h2 a*2U;; + ... + 2 hk a*
b*U4, |

Ull U22 U33 U23 U13 U12
c@) 32(1) 41(1) 50(2) 18(1) 2(1) 3(1)
c(2) 34(1) 56(2) 53(2) 28(1) -3(1) 3(1)
c(3) 40(1) 68(2) 53(2) 27(2) 3(1) 6(1)
C(4) 49(2) 99(3) 56(2) 36(2) 1(1) 7(2)
C(5) 60(2) 143(4) 73(2) 72(3) -8(2) -3(2)
C(6) 72(2) 108(3) 96(3) 74(3) -24(2) -13(2)
c(7) 47(2) 70(2) 75(2) 48(2) -14(1) -2(1)
C(8) 60(2) 56(2) 105(3) 47(2) -27(2) -3(2)
C(9) 49(2) 45(2) 76(2) 25(2) -15(1) 6(1)
C(10) 61(2) 33(2) 120(3) 17(2) -11(2) 11(1)
C(11) 78(2) 59(2) 77(2) 4(2) 1(2) 16(2)
C(12) 69(2) 58(2) 64(2) 7(2) 7(2) 19(2)
C(13) 49(2) 51(2) 52(2) 16(2) 4(1) 13(1)
C(14) 36(1) 41(2) 62(2) 19(1) -2(1) 7(1)
C(15) 46(2) 56(3) 74(3) 40(2) 13(2) 15(2)
C(16) 26(2) 92(4) 115(4) 82(4) 2(2) 6(3)
c(17) 66(2) 75(2) 73(2) 54(2) 15(2) 6(2)
C(18) 69(2) 61(2) 48(2) 33(2) 16(1) 20(2)
C(19) 94(3) 79(2) 55(2) 39(2) 20(2) 36(2)
C(20) 93(3) 104(3) 45(2) 24(2) 2(2) 50(2)
C(21) 76(2) 92(3) 57(2) 19(2) -1(2) 26(2)
C(22) 63(2) 65(2) 52(2) 14(2) 10(1) 18(2)
C(23) 58(2) 50(2) 41(1) 17(1) 18(1) 20(1)
C(24) 56(2) 43(2) 43(1) 20(1) 18(1) 18(1)
C(25) 52(2) 53(2) 41(1) 25(1) 17(1) 16(1)
C(26) 63(2) 65(2) 48(2) 30(2) 19(1) 22(2)
c(27) 64(2) 95(3) 56(2) 37(2) 9(2) 28(2)
C(28) 56(2) 109(3) 97(3) 54(2) 8(2) 3(2)
C(29) 66(2) 110(3) 101(3) 75(3) 2(2) -6(2)
C(30) 54(2) 70(2) 62(2) 39(2) 14(1) 5(1)
C(31) 63(2) 41(2) 72(2) 29(2) 21(2) 19(1)
C(32) 65(2) 43(2) 90(2) 37(2) 31(2) 17(1)
C(33) 64(2) 46(2) 81(2) 36(2) 32(2) 16(1)
C(34) 56(2) 46(2) 54(2) 25(1) 16(1) 12(1)
C(35) 59(2) 38(1) 55(2) 18(1) 14(1) 8(1)
C(36) 54(2) 41(2) 70(2) 25(1) 25(1) 11(1)
C(37) 56(2) 44(2) 172(4) 39(2) 41(2) 10(2)
C(38) 63(2) 41(2) 184(4) 40(2) 49(2) 9(2)
C(39) 53(2) 38(2) 70(2) 21(1) 21(1) 6(1)
C(40) 56(2) 37(1) 62(2) 18(1) 17(1) 7(1)
c(41) 45(1) 39(1) 53(2) 18(1) 14(1) 1(1)
C(42) 43(1) 47(2) 48(2) 16(1) 11(1) 2(1)
C(43) 57(2) 56(2) 51(2) 8(2) 8(1) 6(1)
C(44) 61(2) 82(2) 46(2) 7(2) 3(1) 10(2)
C(45) 55(2) 89(2) 50(2) 21(2) 0(1) 12(2)
C(46) 45(2) 69(2) 50(2) 22(2) 4(1) 12(1)
C(47) 36(1) 50(2) 49(2) 19(1) 11(1) 6(1)
C(48) 35(1) 46(1) 46(1) 21(1) 12(1) 6(1)
C(49) 41(1) 43(1) 47(1) 23(1) 14(1) 7(1)

C(50) 59(2) 50(2) 48(2) 25(1) 22(1) 18(1)
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C(51) 78(2) 60(2) 46(2) 28(2) 18(1) 23(2)

Anisotropic displacement parameters (/2x 1@). The anisotropic

displacement factor exponent takes the form: #2[ h2 a*2Uy; + ... + 2 h k a* b*
Uiz ]

Ull U22 U33 U23 U13 U12
C(52) 73(2) 64(2) 52(2) 35(2) 14(1) 22(2)
C(53) 59(2) 47(2) 57(2) 28(1) 16(1) 19(1)
C(54) 43(1) 40(1) 49(2) 21(1) 14(1) 5(1)
C(55) 39(1) 57(2) 45(1) 25(1) 13(1) 13(1)
C(56) 40(1) 50(2) 41(1) 19(1) 11(1) 17(1)
C(57) 39(1) 34(1) 38(1) 11(1) 7(1) 12(1)
C(58) 43(1) 30(1) 41(1) 11(1) 2(1) 9(1)
C(59) 53(2) 42(1) 48(2) 19(1) 1(1) 7(1)
C(60) 70(2) 50(2) 52(2) 23(1) -12(1) 6(1)
C(61) 53(2) 46(2) 68(2) 21(2) -19(1) 2(1)
C(62) 41(1) 41(2) 61(2) 16(1) -5(1) 4(1)
C(63) 39(1) 30(1) 49(1) 12(1) 1(1) 9(1)
C(64) 39(1) 31(1) 47(1) 11(1) 6(1) 8(1)
C(65) 41(1) 36(1) 38(1) 10(1) 7(1) 6(1)
C(66) 50(2) 51(2) 44(1) 18(1) 9(1) 3(1)
C(67) 60(2) 65(2) 46(2) 28(1) 1(1) 2(1)
C(68) 49(2) 71(2) 51(2) 29(2) -5(1) 5(1)
C(69) 38(1) 57(2) 50(2) 25(1) 3(1) 5(1)
C(70) 40(1) 39(1) 38(1) 13(1) 6(1) 9(1)
C(71) 44(2) 40(2) 62(2) 18(1) 10(1) 3(1)
c(72) 47(2) 37(1) 61(2) 20(1) 13(1) 7(1)
C(73) 39(1) 40(1) 49(1) 19(1) 5(1) 3(1)
C(74) 45(1) 38(1) 50(2) 14(1) 7(1) 10(1)
C(75) 42(1) 35(1) 53(2) 17(1) 5(1) 4(1)
C(76) 38(1) 38(1) 43(1) 18(1) 2(1) 6(1)
c(77) 39(1) 37(1) 50(1) 16(1) 5(1) 8(1)
C(78) 43(1) 36(1) 57(2) 17(1) 9(1) 4(1)
C(79) 43(1) 40(1) 47(1) 21(1) 5(1) 5(1)
C(80) 40(1) 42(1) 46(1) 18(1) 7(1) 2(1)
C(1A)  26(1) 35(1) 41(1) 19(1) 5(1) 3(1)
C2A)  25(1) 39(1) 42(1) 20(1) 3(1) 4(1)
C(3A)  33(1) 39(1) 46(1) 19(1) 3(1) 5(1)
C(4A)  42(1) 50(2) 39(1) 17(1) 6(1) 7(1)
C(5A)  44(1) 63(2) 43(2) 29(2) 8(1) 10(1)
C(6A)  43(1) 52(2) 50(2) 32(2) 7(1) 8(1)
C(7TA)  29(1) 43(1) 44(1) 24(1) 6(1) 6(1)
C(8A)  34(1) 39(1) 50(2) 24(1) 5(1) 6(1)
C(9A)  30(1) 37(1) 44(1) 18(1) 3(1) 5(1)
C(10A)  48(1) 32(1) 54(2) 16(1) 7(1) 8(1)
C(11A)  59(2) 44(2) 44(2) 14(1) 10(1) 10(1)

C(12A)  59(2) 48(2) 42(1) 19(1) 11(1) 11(1)
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C(13A)  40(1) 42(1) 45(1) 23(1) 6(1) 6(1)
C(14A)  27(0) 34(1) 43(1) 17(1) 3(1) 3(1)
C(15A)  45(1) 40(1) 55(2) 27(1) 10(1) 10(1)
C(16A)  47(2) 48(2) 57(2) 31(1) 10(1) 12(1)
C(17A)  43(1) 41(1) 46(1) 25(1) 11(1) 8(1)
C(18A)  44(1) 42(1) 39(1) 20(1) 14(1) 12(1)
C(19A)  52(2) 56(2) 46(1) 29(1) 10(1) 15(1)
C(20A)  59(2) 68(2) 44(2) 27(2) 6(1) 20(2)
C(21A)  47(2) 68(2) 46(2) 21(2) 2(1) 8(1)
C(22A)  49(2) 45(2) 41(1) 13(1) 11(1) 6(1)
Anisotropic displacement parameters (ﬂx 103). The anisotropic
displacement factor exponent takes the form: 422[ h2a*2Uy; + ... +2 hka* b*
Ui ]

Ull U22 U33 U23 U13 U12
C(23A)  40(1) 39(1) 38(1) 16(1) 13(1) 11(1)
C(24A)  42(1) 32(1) 40(1) 15(1) 15(1) 11(1)
C(25A)  45(1) 39(1) 37(1) 19(1) 15(1) 13(1)
C(26A)  56(2) 50(2) 43(1) 28(1) 15(1) 16(1)
C(27A)  54(2) 66(2) 51(2) 33(2) 5(1) 15(1)
C(28A)  49(2) 64(2) 57(2) 28(2) -1(1) 5(1)
C(29A)  47(2) 51(2) 55(2) 27(1) 7(1) 5(1)
C(30A)  43(1) 43(1) 40(1) 21(1) 10(1) 8(1)
C(31A) 52(2) 36(1) 54(2) 23(1) 14(1) 12(1)
C(32A)  55(2) 35(1) 56(2) 25(1) 16(1) 8(1)
C(33A)  49(2) 38(1) 47(1) 22(1) 16(1) 6(1)
C(34A)  47(1) 40(2) 53(2) 16(1) 12(1) 6(1)
C(35A)  53(2) 34(1) 59(2) 11(1) 14(1) 6(1)
C(36A)  50(2) 37(1) 56(2) 19(1) 17(1) 9(1)
C(B7A)  46(2) 43(2) 76(2) 24(2) 14(1) 4(1)
C(38A)  55(2) 34(1) 70(2) 20(1) 16(1) 2(1)
C(39A)  55(2) 34(1) 69(2) 17(1) 16(1) 5(1)
C(40A)  56(2) 34(1) 55(2) 13(1) 15(1) 9(1)
C(41A)  47(0) 31(1) 48(2) 13(1) 15(1) 3(1)
C(42A)  42(1) 37(1) 44(1) 15(1) 9(1) 0(1)
C(43A)  56(2) 43(2) 46(2) 7(1) 9(1) 3(1)
C(44A)  58(2) 65(2) 40(2) 13(1) 0(1) 1(1)
C(45A)  48(2) 66(2) 47(2) 22(2) 1(1) 4(1)
C(46A)  35(1) 54(2) 45(2) 20(1) 4(1) 5(1)
C(47A)  31(1) 40(1) 46(1) 17(1) 8(1) 0(1)
C(48A)  31(1) 36(1) 43(1) 17(1) 12(1) 3(1)
C(49A)  40(1) 36(1) 43(1) 18(1) 13(1) 6(1)
C(50A)  53(2) 38(1) 45(1) 18(1) 19(1) 15(1)
C(51A)  73(2) 47(2) 44(2) 22(1) 19(1) 20(1)
C(52A)  84(2) 55(2) 53(2) 33(2) 19(2) 26(2)
C(53A)  70(2) 42(2) 56(2) 28(1) 23(1) 22(1)
C(54A)  47(1) 35(1) 47(1) 19(1) 14(1) 7(1)
C(55A)  32(1) 47(2) 42(1) 22(1) 10(1) 9(1)
C(56A)  33(1) 41(1) 39(1) 18(1) 9(1) 11(1)
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C(57A)  34(1) 32(1) 34(1) 13(1) 7(1) 9(1)
C(58A)  36(1) 29(1) 34(1) 12(1) 6(1) 8(1)
C(59A)  46(1) 39(1) 37(1) 16(1) 7(1) 9(1)
C(60A)  53(2) 48(2) 37(2) 19(1) 1(1) 12(1)
C(61A)  40(1) 51(2) 41(1) 16(1) -4(1) 8(1)
C(62A)  33(1) 43(1) 43(1) 15(1) 2(1) 6(1)
C(63A)  35(1) 29(1) 37(2) 10(1) 6(1) 8(1)
C(64A)  33(1) 31(1) 35(1) 11(1) 7(1) 6(1)
C(65A)  36(1) 35(1) 34(1) 13(1) 6(1) 4(1)
C(66A)  44(1) 51(2) 41(1) 25(1) 6(1) 3(1)
C(67A) 52(2) 63(2) 46(1) 32(1) -1(2) 4(1)
C(68A)  40(1) 62(2) 52(2) 31(1) -4(1) 5(1)
C(69A)  33(1) 51(2) 48(1) 26(1) 2(1) 5(1)
C(70A)  36(1) 34(1) 35(1) 12(1) 7(1) 8(1)
C(71A)  37(2) 38(1) 42(1) 18(1) 5(1) 2(1)
C(72A)  36(1) 37(1) 46(1) 19(1) 7(1) 4(1)
C(73A)  32(1) 38(1) 37(1) 16(1) 4(1) 3(1)
Anisotropic displacement parameters (/2x 1@). The anisotropic
displacement factor exponent takes the form: 2] h2 a*2Uy; + ... + 2 h k a* b*
Uiz ]

U11 U22 U33 U23 U13 U12
C(74A)  36(1) 33(1) 44(1) 13(1) 6(1) 8(1)
C(75A)  34(1) 30(1) 46(1) 17(1) 4(1) 1(1)
C(76A)  30(1) 33(1) 37(2) 18(1) 2(1) 3(1)
C(77A)  34(1) 32(1) 45(1) 14(1) 6(1) 7(1)
C(78A)  34(1) 32(1) 50(1) 19(1) 6(1) 2(1)
C(79A)  36(1) 32(1) 42(1) 19(1) 5(1) 2(1)
C(80A)  33(1) 35(1) 43(1) 20(1) 7(1) 1(1)
C(1B) 27(1) 34(1) 43(1) 17(1) 2(1) 2(1)
C(2B) 27(1) 41(1) 40(1) 18(1) 3(1) 5(1)
C(3B) 38(1) 38(1) 44(1) 15(1) 1(1) 5(1)
C(4B) 46(1) 48(2) 41(1) 11(1) 3(1) 7(2)
C(5B) 57(2) 57(2) 38(1) 20(1) 8(1) 12(1)
C(6B) 50(2) 50(2) 45(2) 25(1) 8(1) 10(1)
C(7B) 32(1) 39(1) 39(1) 18(1) 2(1) 6(1)
C(8B) 35(1) 40(1) 39(1) 19(1) 2(1) 6(1)
C(9B) 30(1) 36(1) 40(1) 17(1) 2(1) 5(1)
C(10B)  38(1) 36(1) 43(1) 18(1) 5(1) 7(1)
C(11B)  47(1) 39(1) 42(1) 15(1) 10(1) 8(1)
C(12B)  52(2) 48(2) 38(1) 20(1) 11(1) 9(1)
C(13B)  40(1) 43(2) 45(1) 24(1) 3(1) 5(1)
C(14B)  27(1) 37(1) 40(1) 19(1) 4(1) 4(1)
C(15B)  43(1) 43(2) 41(1) 21(1) 4(1) 10(1)
C(16B)  47(1) 45(2) 42(1) 24(1) 9(1) 9(1)
C(17B)  46(1) 35(1) 35(1) 17(1) 11(1) 12(1)
C(18B)  46(1) 37(1) 36(1) 16(1) 12(1) 11(1)
C(19B)  52(2) 41(1) 41(1) 21(1) 9(1) 14(1)
C(20B)  50(2) 54(2) 47(2) 21(1) 3(1) 11(1)
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C(21B)
C(22B)
C(23B)
C(24B)
C(25B)
C(26B)
C(27B)
C(28B)
C(29B)
C(30B)
C(31B)
C(32B)
C(33B)
C(34B)
C(35B)
C(36B)
C(37B)
C(38B)
C(39B)
C(40B)
C(41B)
C(42B)
C(43B)
C(44B)

49(2)
51(2)
48(1)
49(2)
47(1)
55(2)
58(2)
48(2)
46(2)
45(1)
55(2)
57(2)
51(2)
54(2)
63(2)
60(2)
42(2)
55(2)
66(2)
57(2)
45(1)
41(1)
56(2)
60(2)

53(2)
40(1)
33(1)
35(1)
38(1)
49(2)
68(2)
57(2)
46(2)
38(1)
38(1)
37(1)
42(2)
43(2)
44(2)
45(2)
66(2)
45(2)
43(2)
46(2)
40(1)
42(1)
51(2)
68(2)

55(2)
51(2)
40(1)
42(1)
39(1)
46(1)
51(2)
57(2)
51(2)
36(1)
56(2)
58(2)
46(1)
64(2)
66(2)
55(2)
101(2)
92(2)
65(2)
52(2)
48(2)
45(1)
47(2)
41(2)

21(1)
19(1)
15(1)
19(1)
19(1)
27(1)
33(2)
26(2)
24(1)
17(1)
26(1)
27(1)
23(1)
24(1)
25(1)
21(1)
34(2)
24(2)
23(1)
15(1)
19(1)
16(1)
12(1)
12(2)

-2(1)
10(1)
16(1)
17(1)
15(1)
16(1)
7(1)

5(1)

11(1)
14(1)
18(1)
15(1)
16(1)
23(1)
27(1)
11(1)
16(2)
23(2)
17(2)
9(1)

8(1)

9(1)

7(1)

1(1)

0(1)
4(1)
14(1)
15(1)
18(1)
19(1)
23(1)
13(1)
12(1)
13(1)
16(1)
8(1)
10(1)
10(1)
13(1)
12(1)
7(2)
3(1)
7(1)
13(1)
6(1)
2(1)
9(1)
6(2)

Anisotropic displacement parameters (ﬂx 103). The anisotropic

displacement factor exponent takes the form: 422[ h2a*2U; + ... +2hka*b*

U]
Ull U22 U33 U23 U13 U12

C@5B)  45(2) 75(2) 5002) 25(2) 5(1) a0
c6B)  37(1) 58(2) 53(2) 26(1) 3(1) 5(1)
c478)  33(1) 42(1) 46(1) 19(1) 8(1) 1(1)
C(48B)  35(1) 43(1) 47(2) 24(1) 12(1) 5(1)
C(498)  52(2) 44(2) 45(1) 23(1) 15(1) 12(1)
C(50B)  79(2) 59(2) 48(2) 28(2) 25(1) 30(2)
C(51B)  130(3) 82(2) 41(2) 29(2) 25(2) 59(2)
C(52B)  140(3) 90(3) 50(2) 36(2) 16(2) 64(2)
C(53B)  89(2) 57(2) 50(2) 26(2) 15(2) 35(2)
C(54B)  53(2) 42(1) 45(2) 21(1) 12(1) 11(1)
C(55B)  34(1) 55(2) 51(2) 28(1) 15(1) 12(1)
C(56B)  38(1) 48(2) 44(1) 23(1) 13(1) 15(1)
C(578)  34(1) 38(1) 4101) 16(1) 8(1) 10(1)
C(58B)  40(1) 37(1) 44(1) 17(1) 5(1) 9(1)
C(59B)  54(2) 57(2) 48(2) 26(1) 3(1) 8(1)
C(60B)  65(2) 76(2) 59(2) 36(2) 9(2) 702)
C(61B)  53(2) 712) 712) 30(2) 16(2) 402)
C(62B)  40(2) 59(2) 65(2) 28(2) “aQ1) 5(1)
C(63B)  35(1) 37(1) 54(2) 19(1) 3(1) 70)
C(64B)  38(1) 35(1) 46(1) 14(1) 9(1) 5(1)
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Experimental part

C(65B)  39(1) 36(1) 40(1) 14(1) 6(1) 2(1)
C(66B)  53(2) 56(2) 49(2) 27(1) 9(1) -3(1)
C(67B)  63(2) 74(2) 56(2) 40(2) -5(1) -9(2)
C(68B)  48(2) 85(2) 66(2) 47(2) -10(1) -9(2)
C(69B)  38(1) 63(2) 54(2) 33(1) 0(1) 0(1)
C(70B)  36(1) 37(1) 40(1) 15(1) 7(2) 6(1)
C(71B)  44(2) 38(1) 68(2) 19(1) 13(1) 2(1)
C(72B)  44(1) 38(1) 57(2) 22(1) 13(1) 4(1)
C(73B)  36(1) 40(1) 45(1) 21(1) 5(1) 4(1)
C(74B)  41(1) 37(1) 45(1) 16(1) 8(1) 10(1)
C(75B)  38(1) 35(1) 51(1) 22(1) 5(1) 3(1)
C(76B)  33(1) 36(1) 41(1) 20(1) 0(1) 4(1)
C(77B)  35(1) 35(1) 48(1) 16(1) 5(1) 5(1)
C(78B)  40(1) 36(1) 54(2) 22(1) 5(1) 2(1)
C(79B)  38(1) 36(1) 47(1) 22(1) 5(1) 2(1)
C(80B)  37(1) 35(1) 45(1) 20(1) 8(1) 3(1)
C(1D) 87(3) 47(2) 94(3) 28(2) 33(2) 18(2)
C(2D) 53(2) 66(2) 111(3) 51(2) -11(2) 1(2)
C(3D) 99(3) 57(2) 68(2) 35(2) 4(2) 3(2)
C(4D) 61(2) 76(2) 134(4) 66(3) 34(2) 18(2)
C(5D) 70(2) 80(3) 139(4) 67(3) -37(3) -22(2)
C(6D)  135(4) 48(2) 68(2) 19(2) -14(2) -21(2)
C(1E) 44(2) 85(3) 83(2) 20(2) 0(2) -2(2)
C(2E) 47(2) 95(3) 118(3) 60(3) 1(2) -4(2)
C(3E) 56(2) 59(2) 138(4) 33(3) 12(2) -3(2)
C(4E) 48(2) 82(3) 89(2) 14(2) 9(2) -6(2)
C(5E) 51(2) 79(3) 92(3) 35(2) 0(2) -2(2)
C(6E) 53(2) 60(2) 102(3) 27(2) -8(2) 5(2)
C(1F) 57(2) 94(3) 94(3) 33(3) 8(2) -1(2)
C(2F) 68(2) 86(3) 88(3) -1(2) 27(2) -11(2)
C(3F) 83(3) 67(3) 129(4) 27(3) 22(3) -7(2)
C(4F) 60(2) 89(3) 107(3) 36(3) 7(2) -8(2)
Anisotropic displacement parameters (ﬂx 103). The anisotropic
displacement factor exponent takes the form: 422[ h2a*2U; + ... +2 hka* b*
Ui ]

Ull U22 U33 U23 U13 U12
C(5F) 50(2) 87(3) 79(2) 10(2) 0(2) 3(2)
C(6F) 63(2) 71(2) 95(3) 12(2) -2(2) 8(2)
C(1G) 68(2) 62(2) 106(3) 35(2) 20(2) 7(2)
C(2G) 91(3) 78(2) 82(2) 32(2) 17(2) 3(2)
C(3G) 83(3) 105(3) 82(3) 41(2) -6(2) -13(2)
C(4G) 66(2) 105(3) 88(3) 45(2) 5(2) -3(2)
C(56) 86(3) 77(2) 79(2) 35(2) 15(2) 9(2)
C(6G) 79(2) 61(2) 89(3) 31(2) -6(2) 1(2)
C(1H)  102(3) 82(3) 111(3) 41(3) 14(3) 17(2)
C(2H)  101(3) 82(3) 89(3) 34(2) 1(2) 31(2)
C(3H) 93(3) 78(2) 96(3) 39(2) 4(2) 34(2)
C(4H)  129(4) 81(3) 93(3) 54(2) 11(3) 32(2)
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C(5H)  134(4) 87(3) 141(4) 71(3) 62(3) 35(3)
C(6H) 76(3) 96(3) 161(5) 74(3) 1(3) 11(2)
c(1l) 86(3) 75(2) 112(3) 51(2) 18(2) 28(2)
o)) 84(2) 86(3) 94(3) 57(2) 3(2) 7(2)
c(3) 77(2) 84(3) 75(2) 28(2) 8(2) 4(2)
c(al) 75(2) 69(2) 105(3) 41(2) 5(2) 18(2)
c(5l) 95(3) 97(3) 100(3) 63(3) 19(2) 33(2)
c(6l) 106(3) 101(3) 89(3) 49(3) 31(2) 42(2)
c(1J) 187(6) 71(3) 94(4) 26(3) -23(4) 1(3)
C(2J) 167(5) 79(3) 100(3) 38(3) -14(3) -36(3)
C(3J) 157(5) 123(4) 86(3) 50(3) -19(4) -62(4)
C(4J) 156(5) 84(3) 103(4) 33(3) -18(3) -54(3)
C(5J) 197(6) 53(2) 139(5) 47(3) 7(4) -31(3)
C(6J) 180(5) 61(3) 86(3) 21(2) -34(4) -22(3)
C(1K)  122(4) 152(4) 86(3) 62(3) -16(3) -34(3)
C(2K)  178(5) 169(5) 55(2) 51(3) -1(3) -44(4)
C(BK)  142(4) 126(4) 79(3) 39(3) 34(3) -4(3)
C(4K)  109(3) 59(2) 93(3) 39(2) 10(2) 9(2)
C(5K)  107(3) 81(2) 61(2) 33(2) 3(2) -16(2)
C(6K)  113(3) 140(4) 62(2) 46(3) 5(2) -26(3)
C(1L) 84(3) 87(3) 125(4) 63(3) 38(3) 30(2)
c(2L) 108(3) 73(2) 81(2) 38(2) 7(2) 10(2)
C(3L) 64(2) 92(3) 143(4) 69(3) -4(3) 4(2)
C(4L)  104(3) 70(3) 131(4) 43(3) 55(3) 32(2)
C(5L)  140(4) 61(2) 84(3) 19(2) -1(3) -25(3)
c(6L) 77(3) 101(3) 135(4) 69(3) -21(3) -25(2)
c(IM)  106(3) 86(3) 78(2) 29(2) 13(2) -12(2)
c(eM)  116(3) 92(3) 96(3) 58(2) 38(3) 8(2)
C(3M)  123(3) 80(3) 87(3) 55(2) 32(3) 32(2)
c(aM)  97(3) 52(2) 100(3) 28(2) 19(2) 20(2)
c(5M)  116(3) 71(2) 74(2) 30(2) 33(2) -4(2)
C(6M)  124(4) 103(3) 58(2) 31(2) 15(2) -21(3)
C(1N) 53(2) 124(4) 93(3) 0(3) -8(2) 1(2)
C(2N) 55(2) 131(4) 120(4) 44(4) 3(2) -16(2)
C(3N) 70(3) 92(3) 140(5) 17(4) 15(3) -16(2)
C(4N) 59(2) 110(4) 98(3) -5(3) 21(2) -12(2)
C(5N) 51(2) 136(4) 106(3) 33(3) -2(2) 7(2)
C(6N) 62(2) 100(3) 133(4) 17(3) -17(3) 9(2)
C(10)  175(5) 59(3) 82(3) 16(2) 0(4) -25(3)
C(20)  149(5) 37(2) 215(7) 51(3) 73(5) -1(3)
Anisotropic displacement parameters (/2x 1@). The anisotropic
displacement factor exponent takes the form: 2] h2 a*2Uy; + ... + 2 h k a* b*
Uz ]

U11 U22 U33 U23 U13 U12
C(30)  115(4) 105(4) 173(6) 68(4) -39(4) -50(3)
C(40)  145(5) 145(5) 84(3) 43(3) -12(4) -65(5)
C(50)  161(6) 98(4) 126(5) 24(4) 12(4) -51(4)
C(60)  158(5) 71(3) 123(4) 37(3) -1(4) 2(3)
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C(1P) 86(3) 62(2) 110(3) 30(2) 37(3) 11(2)
C(2P) 59(2) 79(2) 118(3) 58(3) -13(2) -3(2)
C(3P) 106(3) 62(2) 67(2) 33(2) 9(2) 5(2)
C(4P) 65(2) 108(3) 133(4) 77(3) 33(2) 24(2)
C(5P) 75(3) 148(4) 130(4) 92(4) -39(3) -40(3)
C(6P) 139(4) 84(3) 70(2) 18(2) 4(3) -40(3)
C(1Q) 64(2) 124(3) 75(2) 49(2) 1(2) -12(2)
C(2Q) 90(3) 84(2) 74(2) 41(2) 5(2) -13(2)
C(3Q) 88(3) 68(2) 108(3) 48(2) -24(2) -24(2)
C(4Q) 67(2) 74(3) 127(4) 38(3) 22(2) 3(2)
C(5Q) 101(3) 86(3) 92(3) 19(2) 29(2) -20(2)
C(6Q) 96(3) 125(4) 69(2) 37(2) -3(2) -34(3)
C(1R) 70(2) 57(2) 88(2) 36(2) -14(2) -11(2)
C(2R) 57(2) 59(2) 99(3) 39(2) 12(2) 3(2)
C(3R) 81(2) 64(2) 80(2) 32(2) 9(2) -2(2)
C(4R) 77(2) 89(3) 84(2) 43(2) -14(2) -20(2)
C(5R) 64(2) 112(3) 84(3) 54(2) -3(2) -16(2)
C(6R) 79(2) 81(2) 72(2) 38(2) 3(2) -2(2)
C(1S) 85(5) 111(5) 51(3) 22(3) 25(4) 0(5)
C(2S) 92(4) 53(3) 79(4) 30(3) 7(4) -8(3)
C(3S) 114(6) 48(3) 74(4) 23(3) 46(4) 14(3)
C(4S) 107(7) 64(4) 44(3) 14(2) 12(3) -5(5)
C(59) 102(4) 86(4) 59(3) 26(3) 4(3) -8(3)
C(6S) 83(4) 119(5) 52(3) 23(3) 14(3) -11(4)
c(m 121(9) 50(7) 86(10) 29(9) 29(8) -10(6)
c(2T) 92(7) 82(7) 74(9) 11(8) 22(6) -24(5)
C(3T) 56(5) 87(9) 69(6) 5(5) -1(4) -34(6)
C(4T) 112(8) 77(7) 45(5) -4(5) -7(5) -24(6)
C(5T) 115(8) 37(5) 50(5) -8(4) -1(5) -3(5)
C(6T) 120(9) 26(7) 77(7) 7(4) 5(6) 8(5)
C(1T1) 136(11) 62(12) 78(9) 43(7) -18(8) -11(7)
C(2T1)  109(8) 63(10) 126(13) 34(11) 0(10) -21(7)
C(3T1) 135(13) 75(8) 88(10) 25(7) 38(9) -40(9)
C(4T1) 139(11) 78(6) 50(6) 16(6) -3(7) -47(7)
C(5T1)  85(6) 65(6) 94(7) 42(6) -7(5) -27(5)
C(6T1)  109(8) 43(6) 65(6) 25(6) 18(6) -6(5)
C(1U) 78(6) 96(7) 88(6) 55(6) -7(5) 8(5)
c(2V) 78(9) 121(15) 90(9) 42(9) -14(7) 15(9)
C(5V) 88(6) 101(8) 81(5) 46(6) 24(5) 40(6)
C(3V) 89(6) 67(5) 131(10) 43(6) -20(6) 0(5)
C(4V) 99(8) 98(11) 95(9) 75(9) 29(8) 52(9)
C(6U) 71(5) 75(5) 115(7) 49(5) 8(4) 18(4)
C(1U1)  82(s) 80(6) 94(6) 40(5) -14(5) 3(5)
Cc(2u1)  79(10) 71(7) 80(8) 30(6) 11(7) 25(7)
C(3Ul)  85(6) 92(6) 85(6) 47(5) -3(5) 28(5)
C(4Ul) 152(17) 91(10) 117(12) 53(8) -39(11) (10
C(5U1) 150(13) 89(8) 119(8) 72(7) 19(8) 6(8)
C(6U1)  70(5) 103(6) 119(7) 67(6) 4(5) 13(4)
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Hydrogen coordinates ( x 16) and isotropic displacement parameters (.Zx 10 3).

X y z U(eq)
H(3) 6987 10211 1153 64
H(4) 6889 10199 1883 81
H(5) 6882 9424 1934 100
H(6) 6968 8679 1262 99
H(10) 7486 7769 513 93
H(11) 7659 7804 -1226 97
H(12) 7576 8569 -1268 85
H(13) 7311 9292 611 63
H(15) 7582 7799 206 65
H(16) 5897 8024 505 77
H(15") 6403 8230 813 57
H(16') 7271 7631 192 140
H(19) 5030 7512 -98 85
H(20) 3710 7101 -428 99
H(21) 3235 6381 -347 95
H(22) 4029 6109 111 76
H(26) 6653 6299 1156 67
H(27) 8043 6650 1427 84
H(28) 8630 7301 1252 101
H(29) 7823 7606 829 99
H(31) 5482 5792 632 68
H(32) 4258 5802 983 75
H(34) 4732 7100 1381 61
H(35) 3768 7731 1618 62
H(37) 1747 6685 1131 112
H(38) 2707 6057 912 118
H(39) 2350 8031 1715 65
H(40) 914 7349 1361 63
H(43) 434 7595 761 72
H(44) -331 7785 229 85
H(45) 1114 8517 501 82
H(46) -1123 9051 1304 67
H(50) 241 9449 2995 60
H(51) 640 9310 3521 70
H(52) 1573 8642 3241 70
H(53) 1569 8101 2443 62
H(55) -1343 9445 2367 55
H(56) -1023 10134 2290 52
H(59) 556 10058 2843 57
H(60) 1879 10201 3253 68
H(61) 3168 10334 2914 69
H(62) 3116 10353 2185 60
H(66) 1341 10349 821 59
H(67) -2 10317 472 67
H(68) -1269 10099 768 68
H(69) -1187 9941 1428 58
H(71) 2659 10664 1415 60
H(72) 2987 9680 1167 58
H(74) 4048 10841 1251 55
H(75) 5337 10905 899 53

H(77) 5403 9384 278 52



190

Experimental part

H(78)

4122

9321

633

55

Hydrogen coordinates ( x 16) and isotropic displacement parameters (.Zx 10 3).

X y z U(eq)
H(79) 6423 10512 306 51
H(80) 7495 10023 104 51
H(3A) 10312 3589 4471 47
H(4A) 10205 3552 5190 54
H(5A) 10280 2771 5224 57
H(6A) 10473 2048 4548 54
H(10A) 11012 1191 2799 55
H(11A) 11235 1243 2091 61
H(12A) 11115 2014 2050 59
H(13A) 10782 2724 2711 49
H(15A) 11018 1194 3541 53
H(16A) 9398 1489 3890 56
H(19A) 8505 951 3226 58
H(20A) 7226 521 2838 67
H(21A) 6736 -224 2886 66
H(22A) 7475 -495 3367 57
H(26A) 10007 272 4490 56
H(27A) 11356 103 4815 64
H(28A) 11949 785 4686 67
H(29A) 11177 1081 4234 59
H(31A) 8906 -789 3937 55
H(32A) 7622 -842 4212 56
H(34A) 7982 467 4661 57
H(35A) 6957 1065 4883 62
H(37A) 5028 -32 4277 67
H(38A) 6052 -634 4066 65
H(39A) 5519 1321 4951 65
H(40A) 4149 633 4483 61
H(43A) 3822 992 3916 63
H(44A) 3218 1289 3421 69
H(45A) 2464 2029 3733 65
H(46A) 2328 2473 4543 54
H(50A) 2889 2650 6196 53
H(51A) 3473 2349 6697 64
H(52A) 4274 1622 6384 71
H(53A) 4470 1203 5579 63
H(55A) 1963 2759 5605 47
H(56A) 2314 3461 5566 44
H(59A) 3904 3235 6045 48
H(60A) 5230 3326 6435 55
H(61A) 6514 3525 6133 55
H(62A) 6454 3639 5451 49
H(66A) 4683 3768 4146 52
H(67A) 3340 3777 3817 61
H(68A) 2065 3573 4117 59
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H(69A)
H(71A)
H(72A)
H(74A)
H(75A)
H(77A)
H(78A)

2140
5963
6413
7378
8653
8807
7540

3363
3999
3049
4203
4278
2761
2689

4744
4669
4526
4553
4198
3608
3974

51
47
48
46
44
45
46

Hydrogen coordinates ( x 16) and isotropic displacement parameters (Kx 10 3).

X y z U(eq)
H(79A) 9764 3904 3627 43
H(80A) 10862 3441 3428 43
H(3B) 6495 3107 2112 50
H(4B) 6601 3092 1370 58
H(5B) 6654 3853 1295 61
H(6B) 6561 4608 1948 55
H(10B) 5784 5537 3673 46
H(11B) 5528 5527 4393 52
H(12B) 5736 4792 4497 54
H(13B) 6116 4068 3867 49
H(15B) 6236 5275 2528 49
H(16B) 7006 5730 3441 51
H(19B) 8384 5956 3554 52
H(20B) 9705 6392 3867 60
H(21B) 10133 7106 3753 65
H(22B) 9309 7329 3265 57
H(26B) 6660 7035 2203 56
H(27B) 5255 6696 1978 67
H(28B) 4625 6157 2286 63
H(29B) 5441 5921 2771 55
H(31B) 7823 7580 2708 56
H(32B) 9020 7559 2346 58
H(34B) 8632 6271 2096 63
H(35B) 9614 5654 1848 68
H(37B) 11571 6696 2087 84
H(38B) 10573 7325 2306 79
H(39B) 11037 5363 1652 69
H(40B) 12429 6064 1999 64
H(43B) 12841 5795 2613 65
H(44B) 13606 5609 3149 73
H(45B) 14488 4920 2880 69
H(46B) 14573 4408 2073 59
H(50B) 13830 4058 383 71
H(51B) 13053 4237 -150 98
H(52B) 12036 4861 121 107
H(53B) 11871 5331 917 76
H(55B) 14863 4052 1021 53
H(56B) 14561 3342 1065 50
H(59B) 12975 3430 504 62
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H(60B) 11670 3279 84 77
H(61B) 10370 3119 403 79
H(62B) 10405 3078 1118 66
H(66B) 12137 3066 2486 61
H(67B) 13467 3109 2853 73
H(68B) 14748 3323 2561 75
H(69B) 14685 3505 1919 59
H(71B) 10824 2737 1848 62
H(72B) 10536 3737 2185 55
H(74B) 9473 2550 2038 50
H(75B) 8185 2464 2378 49
H(77B) 8063 3985 3017 48
H(78B) 9356 4068 2681 51

Hydrogen coordinates ( X 16) and isotropic displacement parameters (Rx 10 3).

X y z U(eq)
H(79B) 7090 2850 2986 46
H(80B) 5988 3320 3165 46
H(1D) 2215 4563 5241 91
H(2D) 2389 4800 6048 87
H(3D) 1192 4987 6521 87
H(4D) -192 4913 6172 99
H(5D) -352 4676 5358 109
H(6D) 852 4512 4895 105
H(1E) 1663 6902 4840 92
H(2E) 1717 6032 4569 99
H(3E) 1746 5513 3750 106
H(4E) 1716 5857 3213 99
H(5E) 1673 6725 3485 91
H(6E) 1641 7244 4294 90
H(1F) 8344 3291 75 102
H(2F) 8434 2423 -188 114
H(3F) 8575 2095 359 119
H(4F) 8626 2625 1171 107
H(5F) 8548 3489 1434 98
H(6F) 8415 3822 890 103
H(1G) 7990 1069 676 95
H(2G) 8997 1600 1271 102
H(3G) 10366 1789 1066 109
H(4G) 10726 1452 272 103
H(5G) 9707 939 -326 96
H(6G) 8337 739 -119 93
H(1H) 2572 7486 2492 119
H(2H) 3967 7246 2463 110
H(3H) 4687 7305 3149 105
H(4H) 3996 7583 3866 113
H(5H) 2531 7793 3885 134
H(6H) 1817 7702 3177 125
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H(1l)

H(2l)

H(3I)

H(4l)

H(5I)

H(6l)

H(1J)
H(2J)
H(3J)
H(4J)
H(5J)
H(6J)
H(1K)
H(2K)
H(3K)
H(4K)
H(5K)
H(6K)
H(1L)
H(2L)

5892
6344
7015
7261
6823
6141
-1248
-1161
163
1399
1318
-42
4787
3684
2272
1951
3036
4447
6926
5554

1481
1047

295

-5

441
1182
4576
5145
5328
4951
4393
4218
1918
1929
1682
1422
1424
1672
1658
1595

6533
5762
5545
6109
6884
7094
1756
2553
2973
2618
1783
1364
7950
8447
8148
7340
6844
7145
439
96

104
99
98
98
107
113
146
141
149
144
155
138
142
163
142
102
100
127
109
102

Hydrogen coordinates ( x 16) and isotropic displacement parameters (.Zx 10 3).

X y z U(eq)
H(3L) 4385 1862 574 112
H(4L) 4581 2171 1396 120
H(5L) 5945 2195 1733 121
H(6L) 7113 1942 1253 120
H(1M) 8411 1420 5280 112
H(2M) 8679 1359 5987 113
H(3M) 10064 1548 6346 107
H(4M) 11204 1754 5971 101
H(5M) 10923 1829 5266 106
H(6M) 9533 1678 4934 117
H(1N) 4892 217 1858 129
H(2N) 4931 654 2113 129
H(3N) 5032 1197 2931 137
H(4N) 5151 873 3476 129
H(5N) 5113 13 3232 127
H(6N) 4989 -538 2418 133
H(10) 3208 9136 2030 134
H(20) 1812 9088 1644 162
H(30) 1737 8587 765 158
H(40) 2964 8194 411 157
H(50) 4185 8257 822 168
H(60) 4325 8738 1603 144
H(1P) 9066 1233 1953 106
H(2P) 9134 1600 2777 97
H(3P) 7878 1814 3191 92
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H(4P)
H(5P)
H(6P)
H(1Q)
H(2Q)
H(3Q)
H(4Q)
H(5Q)
H(6Q)
H(1R)
H(2R)
H(3R)
H(4R)
H(5R)
H(6R)
H(1S)
H(2S)
H(3S)
H(4s)
H(5S)
H(6S)
H(1S1)
H(2S1)
H(3S1)
H(4S1)
H(5S1)
H(6S1)

6545
6488
7746
2788
3779
5206
5607
4621
3223
1608
1250
2234
3587
3958
2967
6705
5419
5519
6884
8106
8004
6103
5381
6202
7687
8334
7503

1652
1296
1088
1990
2519
2649
2264
1727
1584
4146
4453
4994
5225
4908
4370
4733
4785
5228
5535
5442
5064
4862
5125
5489
5368
4926
4599

2779
1949
1543
2968
3577
3393
2602
2003
2194
3207
4001
4604
4412
3619
3012

223

632
1488
1879
1445

618

351
1065
1779
1797
1073

374

111
130
126
104
97
103
110
121
121
85
84
90
99
100
91
105
89
95
91
102
108
95
87
94
109
140
161

Hydrogen coordinates ( X 16) and isotropic displacement parameters (Rx 10 3).

X y z U(eq)
H(1T) 4689 2371 5156 104
H(2T) 4759 -1880 5972 110
H(3T) 3556 -1457 6357 100
H(4T) 2268 -1560 5897 109
H(5T) 2185 -2099 5071 93
H(6T) 3418 -2486 4710 95
H(1T1) 3158 2224 4784 107
H(2T1) 2360 -1816 5448 124
H(3T1) 2965 -1641 6201 126
H(4T1) 4388 -1813 6280 114
H(5T1) 5147 -2273 5605 96
H(6T1) 4565 2429 4854 86
H(1U) 235 5540 849 99
H(2U) -253 6343 1072 117
H(5U) 410 5369 -501 103
H(3U) -416 6648 509 116
H(4U) -309 6109 -303 100
H(6U) 582 5062 63 101
H(1U1) 830 5932 925 102
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Experimental part

H(2U1)
H(3U1)
H(4U1)
H(5U1)
H(6U1)

-595
-1317
-681
815
1552

6168
6135
5821
5720
5719

974
304
-432
-442
221

93
101
142
131
109
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