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Abstract: A general stepwise approach is 
described for the preparation of tetrathia- 
fulvalene (TTF)-based linear and mono- 
and dimacrocyclic compounds incorpo- 
rating one or two 1,4-dioxyphenylene, 
9,10-dioxyanthrylene, or 1 3 -  or 2,6-dioxy- 
naphthylene units from readily available 
starting materials. By utilizing the x-x 
stacking interactions of the TTF unit with 
the dipyridinium dication of 1,l'-[1,4- 
phenylenebis (methylene)] bis-4,4-bipyri- 
dinium bis(hexafluorophosphate), a ro- 
taxane and two [2]catenanes were syn- 
thesized starting from the linear and 
monomacrocyclic compounds, respective- 
ly. From the dioxyphenylene-based di- 
macrocycle, three [3]pseudocatenanes 
(trans, cis, and a mixture of cisltrans iso- 

mers) were obtained with the trans com- 
pound as the major product. From the 
dioxyanthrylene dimacrocycle, only the 
trans-[3]pseudocatenane was obtained. 
Catenane products were formed quantita- 
tively from the 1,s-dioxynaphthylene 
dimacrocycle in a template-directed 
reaction, affording a trans-[3]pseudo-cate- 
nane together with a [4]pseudocatenane 
(mixture of cisltrans isomers). From the 
2,6-dioxynaphthylene dimacrocycle, a cis- 
[3]pseudocatenane was obtained as the 
major product and a trans-[3]pseudocate- 

nanes 
assem 

nane as the minor one. For the [3]pseudo- 
catenanes (i.e., both the cis and trans cate- 
nanes), in which the TTF units were 
clamped by the tetracationic macrocycle, 
isomerizations were completely prevented 
even in the presence of trifluoroacetic 
acid. All new rotaxanes and catenanes 
were characterized by electrospray mass 
spectrometry, and the cis- and trans- 
[3]pseudocatenanes were additionally in- 
vestigated by 'H NMR spectroscopy. The 
electrochemical and spectral properties of 
the rotaxane and the catenanes are report- 
ed. Catenane formation increases the re- 
dox potentials of the TTF unit. The re- 
sults demonstrate the versatility of TTF as 
a building block in the construction of 
supramolecular structures. 

Introduction 

Interlocked molecular systems-rotaxanes and catenanes- 
were traditionally prepared by statistical methods and multistep 
directed synthesis.['] The application of the concepts of 
supramolecular chemistry, especially the processes of self-as- 
sembly,[21 has made such topologically complex molecules rela- 
tively easily available, and several different synthetic methods 
have been developed during the past decade. For example, tran- 
sition metals have been used as templates to construct a range 
of different rotaxanes, catenanes, and knots.13] Two different 
methods of generating organometallic catenanes have also been 
reported. One of them involves Pd or Pt metal centers as part of 
the entangled macro cycle^,[^^ and the second utilizes the coordi- 
nation of a metal center by the oxygen atoms of a crown ether.I5] 
The utilization of x-x stacking and electrostatic interactions 
involving aromatic x donors and x acceptors has provided an- 
other efficient route to rotaxanes and catenanes.[61 The combi- 
nation of hydrogen-bonding and a-x stacking has led to the 
formation of several catenanes with identical rings.['] By using 
the ability of naturally and chemically modified cyclodextrins to 
form inclusion complexes with various organic substrates, a 
range of cyclodextrin rotaxanes have been prepared, and more 
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recently the synthesis of cyclodextrin catenanes has also been 
reported.''] Nevertheless, developing new efficient methods for 
the synthesis of interlocked supramolecular structures of new 
topology currently remains one of the greatest challenges in 
modern preparative chemistry. 

Although the synthesis of functionalized tetrathiafulvalenes 
has been stimulated by the search for new TTF-based organic 
metals,[g1 there has been an increasing interest in incorporating 
the electroactive TTF unit into macrocyclic and supramolecular 
compounds."03 ' '1 In recent years, using the readily available 
1,3-dithi0le-2-thione-4,5-dithiolate,~'~~ we have reported the 
preparation of a variety of TTF-containing macrocyclic sys- 
tems." 31 We have recently developed a novel efficient method 
for the preparation of macrocyclic compounds incorporating 
TTF, based on the deprotection-alkylation of a dicyanoethylat- 
ed TTF derivative such as 2,6-bis(2'-cyanoethyIthio)-3,7-bis- 
(methylthio)tetrathiafulvalene, in the presence of cesium hy- 
droxide.[""] Starting from 4,5-dibenzoylthio-l,3-dithiole-2- 
thione and related dibenzoyl derivatives, Olk et al. reported 
another convenient approach to the preparation of unsymmetri- 
cally substituted 1,3-dithiole-2-thione-4,5-dithiolates and, thus, 
novel unsymmetrical crown ethers." Further investigation 
showed that this method could be extended to 2,3,6,7-tetra- 
kis(2'-cyanoethylthio)tetrathiafulvalene, a tetraprotected TTF 
derivative, which meant that it was possible to build TTF-based 
di- or even multimacrocyclic systems by stepwise cyclization 
rkaction~.['~] With the availability of these new methods, we 
became interested in the possibility of synthesizing TTF-con- 
taining rotaxanes and catenanes by using the self-assembly 
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strategy developed by Stoddart et aI:E6] TTF has been reported 
to form a 1:l charge-transfer complex with the n-electron- 
accepting tetracationic cyclophane, cyclobis(paraquat-p- 
phenylene),["] and a rotaxane incorporating one TTF unit and 
two 1 ,4-dioxyphenylene units has also been synthesized.[6o1 We 
expected that new types of TTF-based supramolecular systems 
could be constructed because the tetrathiafulvalene-2,3,6,7-te- 
trathiolate unit (TTFTT) could in principle function as a 
tetravalent building block, while most starting materials hither- 
to used to prepare macrocyclic and hence catenane systems, 
such as dihydroxyphenylene, diaminophenylene, benzidine, and 
bipyridine derivatives, are divalent species. In this paper," 61 we 
describe 1) the convenient synthesis of TTF-based linear, 
monocyclic, and dicyclic precursors; 2) how the x-n: stacking 
interactions between the dipyridium unit and the linear and 
mono- and dimacrocyclic TTF systems incorporating different 
electron-rich aromatic units (e.g., 1,4-dioxyphenylene, 9,lO- 
dioxyanthrylene, and 1,5- and 2,6-dioxynaphthylene) can be 
used to build a TTF-based rotaxane, [2]catenanes, [3]pseudo- 
catenanes, and a [4]pseudocatenane; 3) how the information 
existing in the individual components, especially in the dimacro- 
cyclic compounds, expresses itself through the different efficien- 
cies of self-assembly and chemo- and configurational selectivi- 
ties in the [3]pseudocatenanes systems; 4) the characterization 
of these molecular compounds by electrospray mass spectrome- 
try (ESMS) and, in some cases, by 'H NMR spectroscopy; and 
5) their electrochemical and spectroscopic properties. 

Results and Discussion 

Synthesis: Four types of TTF-containing compounds (the lin- 
ear, TTF-planar monomacrocyclic, and TTF-planar and TTF- 
nonplanar dimacrocyclic systems) were synthesized in order to 
investigate their different abilities to induce the formation of 
rotaxanes or catenanes. All the aromatic units are connected 
through diethylene glycol ether chains. For the linear com- 
pound, this chain is long enough that the stoppers do not pre- 
vent the formation of a rotaxane." '1 CPK (Corey-Pauling- 
Koltun) models of the mono- and dimacrocyclic compounds 
indicated that the separation between the TTF and the aromatic 
units is approximately 7 A. This distance is optimal because it 
results in the preferred 3.5 8, separation between interacting 
rings for effective x-n: charge-transfer stabilization.[6b1 

The linear TTF compound 3 was prepared from tetrathiaful- 
valene 1" la] and (triphenylmethy1)benzene 2 in the presence of 
two equivalents of cesium hydroxide (Scheme 1 ) .  The two iso- 
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(cishans) 

J 29% 

(cishans) 

Scheme 1. Synthesis of 3: N,, 2 equiv CsOH.H,O, DMF, RT, 16 h 

mers of 3 could be sepa- 
rated, but we were un- 
able to assign their con- 
figuration from the 
'H NMR spectra. Addi- 
tion of a trace of tri- 
fluoroacetic acid to ei- 
ther one of the isomers 
immediately resulted in 
the formation of mix- 
ture of isomers in a 1 : 1 
ratio, as indicated by the 
'H NMR spectra. 

Under high-dilution 
conditions, monocyclic 
compounds 5 a  and 5b 
were prepared from 1 
and 4a["] or 4bt1'] 
(Scheme 2). By two-step 
cyclization reactions, di- 
macrocycles 8a-d were 
prepared from 4a-d 
and tetrathiafulvalene 
6[201 with monocycles 
7a-d as intermediates 
(Scheme 3). The macro- 
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Scheme 2. Synthesis of 5 a  and 5 b  using high- 
dilution techniques: N,, 2 equiv CsOH.H,O, 
DMF. RT. 17 h. 

cyclic compounds 5a-d, 7a-d, and 8a-d are all inseparable 
mixtures of cis and trans isomers.[21] 

In order to study the influence of the distorted TTF unit on 
the self-assembly process, dimacrocyclic compound 14 was syn- 
thesized. CPK models show that the TTF unit in 14 is slightly 
distorted as a result of the short triethylene glycol ether chain 
(distortions of about 6" for cis and 10" for trans isomers). Start- 
ing from thione 91z01 and dibromide 10,14 was prepared in four 
steps (Scheme 4). In the presence of cesium hydroxide, 9 reacted 
with 10 to give compound 11, which was transformed to com- 
pound 12 by Hg(OAc),. The coupling reaction of 12 in the 

4 6 

(ciSmans) 

ii) - 

6 
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I (36%. 28%) 

4 d : X = l ,  " =- 7b, 8b: = 

(58%. 54%) W 

7 c . k :  *I = + 
(5% 67%) 

7d,8d: =- 

(520% 60%) 
Scheme 3. Synthesis of 7a-d and 8a-d: i) and ii) N,. 2 equiv CsOH.H,O, DMF, 
RT, 11-25 h. 

Chem. Eur. J.  1996, 2, No.  6 0 VCH Verlagsgesellschuji mbH. 0-69451 Weinheim, 1996 0947-653919610206-0625 $15.00+ ,2510 625 



J. Becher et al. FULL PAPER 

9 10 

s-0-0-s ii) s-0-0"s 

-CN Nc-s 
- 

90% s-CN NC-s 

11 12 

iii) S b S  s. 

13 
(cidtrans) 

14 
(cismans) 

Scheme4. Synthesis of 14 in four steps: i) N,, 2equiv CsOH.H,O, DMF, RT, 
16 h; ii) Hg(OAc),, CHClJAcOH (3:1) ,  24 h; iii) P(OEt),, toluene, reflux, 1 h; 
iv) 4a, N,, 2 equiv CsOH.H,O, DMF, RT, 17 h. 

presence of P(OEt), led to monocyclic compound 13 as a mix- 
ture of cis and trans isomers. The cyclization reaction of 13 with 
4a  gave 14, also as a cisltrans Compound 13 
was also prepared by direct coupling of 11 in the presence of 
P(OEt),, albeit in a lower yield. Because of their higher reactiv- 
ity, all cyclization reactions using w,w'-diiodides gave better 
yields than those involving the corresponding dibromides. 

Because there have been no reports on the ability of the TTF 
unit itself to act as a template for the formation of a tetracation- 
ic macrocycle, compound 3 was synthesized as a model com- 
pound to investigate the efficiency with which the TTF unit 
forms a r ~ t a x a n e . ~ ' ~ ~  By a procedure similar to that for the 
synthesis of dioxyphenylene-based rotaxanes,[6b] rotaxane 17- 
4PF, was obtained as a mixture of cis and trans isomers in 10 "LO 
yield from the reaction of 3, dication 15-2PF,,[6b1 and 1,Cbis- 
(bromomethy1)benzene (16) in DMF over ten days (Scheme 5). 
The isomers could not be separated. Although the yield of 

17-4PF6 

(cidtrans) 

Scheme 5. Synthesis of rotaxane 17-4PF6: N,, DMF, RT, 10 d. 

Scheme 6. Synthesis of [2]catenanes 18a-4PF6 and 18b-4PF6: N,, DMF, RT, 10 d. 

17-4 PF, is not high, the reaction demonstrates that TTF can act 
as a template for the formation of the tetracationic macrocycle. 

The reaction of monomacrocycle 5 a with 15-2 PF, and 16 in 
DMF for seven days resulted in the formation of the [2]catenane 
18a-4PF6 in 12% yield. Similarly, another [2]catenane, 18b- 
4PF6, was prepared in 15 % yield from the reaction of 5b, 15- 
2 PF, , and 16 over twelve days (Scheme 6). Both catenanes are 
mixtures of cis and trans isomers, which could not be separated. 

Two new types of molecular compounds, namely, [3]pseudo- 
catenane and [4]pseudocatenane, were obtained from the reac- 
tions of dimacrocycles 8a-d, 15-2PF6, and 16 (Scheme 7).  We 
name these compounds [3]- and [4]pseudocatenanes because 
compounds 8 a-d are systems combining two macrocyclic units 
while sharing one TTF From the reaction of 8a, the 
three [3]pseudocatenanes trans-19 a-4 PF,, cis-20 a-4 PF,, and 
21 a-4PF6 (a mixture of cis and trans isomers) were obtained in 
15, 10, and 4 %  yields, respectively, after ten days. Similarly, 
trans-[3]pseudocatenane 19 b-4 PF, was obtained in 4 % yield 
from the reaction of 8b, 15-2PF6, and 16 after 21 days. No 
isomers similar to 20a-4PF6 or 21 a-4PF6 were generated in this 
reaction. By using ultra-high pressure (10 kbar), 19 b-4PF6 
could be prepared in 27 % yield after three days.[241 A [3]pseudo- 
catenane, 19c-4 PF, , a [3]catenane, 21 c-4 PF,, and a [4]cate- 
nane, 22c-8PF6, were obtained from the reaction of 8c, 15- 
2 PF, , and 16. After 36 hours, TLC indicated that 8c had been 
completely consumed-the dimacrocyclic compound was trans- 
formed completely to the catenated products! To our knowl- 
edge, this is the first example of quantitative self-assembly of 
catenanes in a template-directed meth0d.1~~1 The main product, 
isolated in 48% yield, was the trans isomer of 19c-4PF6, while 
21 c-4 PF, and 22 c-8 PF, were isolated in 18 and 26 % yields, 
respectively, both as mixtures of cis/trans isomers. When the 
reaction time was extended to three days, 21 c-4 PF, was trans- 
formed completely to 22c-8 PF, (monitored by TLC), and 22c- 
SPF, was then isolated in 46% yield, while the yield of 19c- 
4 PF, remained unchanged. Under similar conditions, quite 
different results were obtained from the reaction of 8d, a consti- 
tutional isomer of 8c, with 15-2PF6 and 16 over seven days: the 
cis-[3]pseudocatenane 20d-4 PF, was isolated in 18 YO yield as 
the major product and the trans-[3]pseudocatenane 19 d-4 PF, in 
10 YO yield as the minor product. No catenanes similar to 21 c- 
4PF, or 22c-8PF6 were detected in this reaction. 

Stirring the solution of the dimacrocycle 14,15-2 PF,, and 16 
in DMF under similar conditions for 21 days did not afford any 
catenane products (monitored by TLC); this indicates that even 
a slight distortion of the TTF unit completely prevents the for- 
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I converted completely after 72 hrs 1 

Scheme 7. Synthesis of [3]pseudocatenanes and [4]catenane: N,, DMF, RT, 7-21 d 
(2 equiv 15-2PF6 and 16 in the cases of 8a and 8b; 3 equiv 15-2PF6 and 16 in the 
cases of 8c and 8d).  

mation of the tetracationic macrocycle around the dioxy- 
phenylene unit. 

The fact that rotaxane 17-4PF6, and [2]catenanes 18a-4PF6 
and 18 b-4 PF, are mixtures of cis and trans isomers can readily be 
explained in terms of their structural features. The tetracationic 
macrocycle in 17-4PF6 can easily move between the two 
triphenylmethylphenyl stoppers and is not fixed around the TTF 
unit. The cis and trans TTF units can therefore isomerize. Because 
of the configurational isomerization of the TTF unit and the two 
possible locations of the tetracationic macrocycle-around the 
TTF or dioxyphenylene unit-[2]catenane 18 a-4PF6 has four 
possible translational isomers. Because the dioxyanthrylene unit 
is too big to clamped by the tetracationic macrocycle, [2]catenane 
18 b-4 PF, has only two possible configurational isomers. How- 
ever, the facile rotation of the two component units along and 
around each other in both compounds makes it impossible to 
prevent cisltrans isomerisation. The fact that [3]catenanes 21 a- 
4 PF, and 21 c-4 PF, and even [4]catenane 22 c are still mixtures 
of cis and trans isomers indicates that the tetracationic macro- 
cycles in these compounds can move easily and that the interac- 
tions between the TTF units and dipyridinium units have no 
significant influence on the isomerization of the TTF units. 

All the [3]pseudocatenanes in which the TTF units are 
clamped by the tetracationic macrocycle are stable in solution. 
Addition of trifluoroacetic acid (0.1 M) to the solution of these 
catenanes in acetonitrile did not result in any change (monitored 
by TLC), indicating that no cis/trans isomerization took place. 
CPK models indicate that the movement of the tetracationic 
macrocycles in all these compounds is prevented by the four 
glycol chains. This surprising result therefore strongly suggests 
that the tetracationic macrocycle can only efficiently prevent the 
isomerization of a TTF unit when it is fixed around it.[261 

The different efficiencies and chemo- and configurational se- 
lectivities exhibited by the reactions of the dimacrocycles 8a-d 
with 15-2PF6 and 16 suggest that the self-assembly of TTF- 
based supramolecular systems is strongly affected by electronic 
and structural features, especially by the n-electron-donating 
ability, size, and conformation of the aromatic units. Because of 
the relatively weak electron-donating ability of the 
dioxyphenylene unit, trans-19a-4PF6 and cis-20 a-4 PF, are ob- 
tained in relatively low yields from the reaction of 8 a. Although 
the dioxyanthrylene unit has a much stronger electron-donating 
ability, its relatively large size significantly reduces the ability of 
8 b to act as a template in the formation of the catenane, and low 
yields are thus obtained. The fact that, even under conditions of 
ultra-high pressure, no cis isomer of 19 b-4PF6 is produced indi- 
cates that the cis isomer of 8 b  cannot act as a template. The 
quantitative transformation of 8c  to a mixture of catenane 
products provides an excellent example of the efficiency of self- 
assembly. Actually, it has been reported that macrocyclic 
polyethers incorporating the 1,5-dioxynaphthylene unit are bet- 
ter templates in the self-assembly of catenanes than the similar 
1,4-dioxyphenylene derivatives.[271 The great difference between 
the reactions of 8c and 8d, two constitutional isomers, can be 
explained in the following way:[281 In order to affect the self-as- 
sembly process, the dioxynaphthylene unit must form efficient 
x--7c stacking interactions with the electron-deficient dipyridini- 
um unit. The CPK model shows that only trans-8c can adopt an 
energetically favorable conformation. Therefore, efficient self- 
assembly not only leads to 19c-4PF6, but also to 21 c-4PF6 and 
22c-8 PF,. In the case of 8d, the dioxynaphthylene unit of the 
trans isomer must adopt a twisted conformation, while the 
dioxynaphthylene unit of its cis isomer can reach the spatial 
orientation necessary for the n-n stacking by twisting the glycol 
chains. However both confomations are energetically unfavor- 
able. As a result, self-assembly is not as efficient as with 8c, and 
no catenane products similar to 21 c-4 PF, or 22c-8 PF, are pro- 
duced. The fact that cis-20d-4PF6 is the major product implies 
that cis-8d is a more effective template for self-a~sembly.[~~~ 

Electrospray Mass Spectrometry (ESMS): The rotaxane and all 
the catenanes, except [2]catenane 18a-4PF6 (by FABMS), were 
characterized by ESMS spectrometry. Table 1 lists the ESMS 
data of the rotaxane and the catenanes. It can be seen that most 
compounds give peaks for [ M  - 4PF6l4+, [M - 3PF6l3+, 
[ M  - 2PFJ2+, [ 2 M  - 3PF,I3+, and [3M-  4PF,I4+, and 
some compounds also generate peaks corresponding to 
[M - PF,]' and [3M - 5PF,I5+. The [3M - 4PF,I4+ and 
[3M - 5PF6l5+ peaks, corresponding to the loss of four and 
five PF; ions from three catenane species, reveal the complex 
fragmentation patterns of these supramolecular structures.r301 

'H NMR Spectroscopy: Because of their cisltrans isomerization, 
rotaxane 17-4PF6, [2]catenanes 18a-4 PF, and 18b-4 PF,, 
[3]pseudocatenane 21 a-4PF6, [3]catenane 21 c-4PF6, and 
[4]catenane 22c-8PF6 have 'HNMR spectra that cannot be 
completely assigned, whereas the configurations of [3]pseudo- 
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Table 1. ESMS data of rotaxane 17-4PF6 and catenanes 18-22-4PF6 
~ ~ 

[ M  - 4PFJ4+ [ M  - 3PF,IJt [ M  - 2PF6I2' [ M  - PF,]' [2M - 3PF,I3+ [3M - SPF,]" [3M - 4PFJ4+ 

17-4 PF, 445 642 1035 1429 1272 1426 
18a-4PF6 1363 [a] 
18 b-4PF6 330 488 804 1754 1121 994 1280 
19a-4PF6 382 558 909 1261 1437 
19 b-4PF6 432 625 1009 1395 1587 
19 c-4 PF, 407 59 1 960 1328 1512 
19d-4PF6 591 960 
20 a-4 PF, 382 558 909 1964 1261 1437 
20 d-4 PF, 59 1 960 
21 a-4PF6 382 558 909 1964 1261 1437 
21e-4PF6 407 591 960 1328 1512 
22c-4PF6 [b] 682 958 1509 

[a] FABMS value corresponding to the ion peak [M - 2PF6]+. [bl Ion peaks corresponding to [ M  - SPF,]" and [2M - SPF,]'+ were also observed at m/z  = 517 and 1179. 

catenanes 19a-4PF6, 20a-4PF6, 19b-4PF6, 19c-4PF6, 19d- 
4 PF,, and 20d-4 PF, can easily be determined by their 'H NMR 
spectra. Because of their D, symmetry, both the a- and j3-pro- 
tons on the dipyridinium rings of all the trans compounds are 
split into two sets of signals. In contrast, the corresponding 
protons of the cis compounds give simple doublet signals as a 
result of their D,, symmetry. The 'H NMR spectra of 19d-4PF6 
and 20d-4PF6 are shown in Figure 1 and Figure 2. The differ- 
ences in the signals corresponding to the a- and fi-protons on the 
dipyridinium unit between the trans and cis configurations can 
clearly be seen. The chemical shifts of the protons of the tetraca- 
tionic macrocycles in the [3]pseudocatenanes 19 and 20 and the 
changes (Ad) relative to the free tetracationic macrocycle are 
listed in Table 2. For both cis and trans structures, the greatest 
changes (all upfield shifts) are seen for the fl-protons (- 0.10 to 
-0.96 ppm). For the a-protons no general trends are observed; 
this probably indicates that it is the shielding action of the TTF 
units and not the charge-transfer interaction or the shielding 
action of the aromatic units that plays an important role, be- 
cause the cis and trans isomers have very different conforma- 
tions but display similar trends. Upfield shifts are also observed 
for the methylene protons (- 0.12 to -0.26 pprn), but no sig- 
nificant changes are shown for the phenylene protons. Although 
the methylene protons of the trans compounds should in prin- 
ciple display two split doublets, such a signal pattern is observed 
only in the spectra of 19b-4PF,; this indicates that the dioxyan- 
thrylene units interact most strongly with the dipyridinium unit. 
The dynamic 'H NMR spectra of 19 a-4 PF,, 20a-4 PF,, and 
19b-4PF6 were also examined. The 'HNMR spectra of 20a- 
4PF6 are independent of temperature in the interval - 3 5  to 
75 "C, whereas the aromatic resonances of 19a-4PF6 and 19b- 
4PF6 show a strong temperature dependence. NOESY (chemi- 

Fig. 1. 'HNMR spectrum (250 MHz) of trans-[3]pseudocatenane 19d-4PF6 in 
CD,CN at room temperature. 

I 
C6H4 

a-H 

1 
, 8 7 6  5 4 3 ppm 2 

Fig. 2. 'HNMR spectrum (250 MHz) of cis-[3]pseudocatenane 20d-4PF6 in 
CDJN at room temperature. 

cal exchange) spectra prove that this temperature dependence is 
due to thermally activated exchange between sites on the aro- 
matic rings. The rotational barrier in 19b-4PF6 is higher than 
that in 19a-4PF6. All motions of the polyether chains of 20a- 

Table2. Selected 'HNMR resonances (a) of the tetracationic macrocycles in the [3]pseudocatenanes 19 and 20 and chemical shift differences (given in parentheses, ppm) 
relative to the free tetracationic macrocycle [a]. 

X-H 8-H C6H4 NCH, 
~~~ ~ 

free 
trans-19a-4PF6 

cis-20 a-4 PF6 

trans-19 b-4PF6 

tran5-19 e-4 PF, 

trans-19 d-4 PF, 

ris-ZOd4PF6 

8.93 
9.01 (d, 4H) 

(0.08) (-0.1 1) 
8.95 (d. 8H) 

(0.02) 
8.87 (dd, 4H) 

8.85 (d. 4H) 

8.95 (d, 4H) 

8.84 (d, 8H) 

8.82 (d, 4H) 

8.50 (d, 4H) 

8.66 (d, 4H) 

8.76 (d, 4H) 

( - 0.06) 

( - 0.08) 

( - 0.43) 

( - 0.27) 

(0.02) (-0.17) 

(~ 0.09) 

8.23 
7.80 (d, 4H) 

(-0.43) 
7.82 (d, 8H) 

(-0.41) 
8.13 (dd, 4H) 

(-0.10) 
7.42 [b] 

(-0.61) 
7.42 (d, 4H) 

(-0.61) 
7.62 (d, 8H) 

(-0.61) 

7.63 (d, 4H) 
(- 0.60) 

7.86 (d, 4H) 

7.27 (dd, 4H) 

7.39 (d, 4H) 

(-0.37) 

( - 0.96) 

(-0.84) 

7.60 
7.68 (s) 

(0.08) 
7.63 (s) 

(0.03) 
7.60 (s) 

(0.00) 
7.63 (s) 

(0.03) 
7.66 (s) 

(0.06) 
7.60 (s) 

(0.00) 

5.78 
5.66 (s) 

(-0.12) 
5.62 (s) 

( - 0.20) 
5.59 (dd) 

5.54 (s) 

5.67 (s) 

5.61 (s) 

(-0.23) 

(-0.26) 

(-0.15) 

(-0.21) 

[a] In CD,CN at room temperature. [b] Overlaps with the signal of the 4,S-protons of the naphthylene unit 
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Amps. 

2.0~10-5 

I .ox 10-5 

4PF, are frozen out on the NMR timescale, because its 
'H NMR spectra, especially the observed scalar couplings be- 
tween the protons of the polyether moiety, are temperature in- 
dependent. The pyridine and hydroquinone or hydroan- 
thraquinone rings are highly mobile in the trans compounds 
19 a-4 PF, and 19 b-4 PF, . The polyether moieties are therefore 
arranged such that there is enough room for these ring systems 
to rotate around their axes. The hydroquinone rings of the cis 
compound 20 a-4PF6 do not show any sign of such motion; this 
indicates that the benzene rings of the tetracationic macrocycle 
stabilize the hydroquinone rings by n-n stacking interactions. 
Stacking of this type is impossible in a trans configuration. 

- 

Cyclic Voltammetry: The redox behavior of the rotaxane, the 
catenanes, and their TTF components were investigated by 
cyclic voltammetry (CV). The half-wave potentials are listed in 
Table 3. All the TTF components 3,5a-b, and 8a-d exhibit the 
typical redox behavior of TTF, that is, they display two re- 
versible redox waves corresponding to the oxidation to the 
mono- and dications of the TTF units. The potentials for all 
three oxidation steps of 8b-d are significantly lower than those 
of 8a. We attribute this to the stronger electron-donating ability 
of the dioxyanthrylene and dioxynaphthylene units and hence 
their stronger interactions with the TTF unit. Because of the 
influence of the tetracationic macrocycle, the redox values of the 
TTF unit in the rotaxane and in the catenanes are all higher. The 
cyclic voltammograms of 8 a and 20 a-4PF6 are depicted in Fig- 
ures 3 and 4, respectively, which illustrate the influence of the 
n-K donor-acceptor interaction on the redox behavior of the 
TTF unit. The fact that there is no significant difference between 
the values of 19 a-4 PF, and 20 a-4 PF, indicates that the config- 
urational change does not greatly influence the redox process. 
The first two oxidation steps of 21 a-4PF6, that is, the oxidation 
to the mono- and dications of the TTF unit, are apparently 
unaffected by the dipyridinium macrocycle; this is indicative of 
a weaker interaction between the TTF unit and the dipyridini- 
ums within 21a-4PF6. The voltammograms of 19c-4PF6 and 
20d-4PF6 display unresoIved broad waves, probably due to the 
strong interaction between the dioxynaphthylene unit and 
dipyridinium unit. In addition to the three processes corre- 
sponding to the oxidation of TTF and dioxyanthrylene unit (the 

Table 3. Half wave-potentials [a] for the oxidation by cyclic voitammetry, deter- 
mined in CH,C12 [b] or CH,CN [c]. For 19c-4PF6 and 20d-4PF6, no accurate data 
are available [d]. 

E:,, %2 E L  

3 
5 a  
5b 
8 a  
8b 
8c 
8d 

17-4PF6 
18a-4PF6 
18b-4PF6 
19 a-4 PF, 
20 a-4 PF, 
21 a-4PF6 
19b-4PF6 
19d-4 PF, 
21e-4PF6 
22 C-8 PF6 

0.54 
0.53 
0.43 
0.50 
0.38 
0.37 
0.40 
0.61 
0.60 
0.60 (irrev.) 
0.63 
0.62 (irrev.) 
0.58 
0.52 (irrev.) 
0.46 
0.60 
0.59 

0.87 
0.83 
0.77 
0.79 
0.73 
0.68 
0.70 
0.94 
0.84 

0.94 
0.92 (irrev.) 
0.82 
0.87 (irrev.) 

0.85 

1.41 (irrev.) 
1.06 
1.38 (irrev.) 
1.05 (irrev.) 
1.01 
1.06 

1.34 
1.34 
1.28 
1.19 
1.01 
1.03 
1 .oo 

[a] Reversible redox process unIess noted otherwise. [b] For free TTF components. 
[c] For the rotaxane and the catenanes. [d] Reference electrode: Ag/AgCl; working 
and counterelectrodes: Pt, sweep rate 100 mVs-'; supporting electrolyte: 
nBu,NPF, 0.1 molL-I; conc. of compound: 5 x  10-4L-1 .  

0.83 V 

- 2 . 5 ~ 1 0 - ~ '  I 
0 .5 1.0 Volts 1.5 

Fig. 3. The cyclic voltammogram of 8 a  (for conditions, see Table 3) 

3 . 0 ~  I O-s I I 

1.39V1 

0.51 V 
- 1 . O X 1 0 5 I  ' ' ' ' ' ' ' 1 

-.5 0 .5 1.0 Volts 1.5 

Fig. 4. The cyclic voltammogram of 19a-4PF6 (for conditions, see Table 3). 

three waves shown in Table 3), 19b-4PF6 also exhibits another 
relatively low redox process at El, ,  = 0.25 V, which we specu- 
late results from the intermolecular stacking interaction be- 
tween the two hydroanthraquinone units. 

Charge-Transfer Absorption: UV/Vis spectra reveal charge- 
transfer absorption bands for the rotaxane and catenanes 
(Table 4). It can be seen that all the [3]pseudocatenanes in which 
the TTF units are locked by the tetracationic macrocycles have 
stronger absorptions than the other compounds. This indicates 
that fixing the TTF unit within the tetracationic macrocycle 
greatly increases the charge-transfer interaction between the 
TTF unit and the dipyridinium units. The strongest absorptions 
are observed for 19b-4PF6 and 19c-4PF6, as a result of the 
strong n-electron donating ability of the dioxyanthrylene and 
1,5-dioxynaphthylene units. Because of the movement of the 
tetracationic macrocycle along the glycol chains, rotaxane 17- 
4PF, and [2]catenanes 18 a-4PF6 and 1Sb-4PF6 only exhibit 
weak CT aborption bands. This observation is in accordance 
with the fact that these molecular systems are mixtures of con- 
figurational isomers. According to their molar extinction coeffi- 
cients, it seems that the charge-transfer interaction of 22c-4 PF, 
is just the simple addition of that of two 21 c-4PF6. 

Table 4. Charge-transfer absorptions of rotaxane 17-4PF6 and the catenanes 18- 
22, recorded in MeCN at room temperature. 

i.,,, (nm) E ( ~ I c m - ' )  A,,, (nm) E (M-lcm-l) 

17-4PF6 660 745 19b-4PF6 773 4200 

18b-4PF6 665 820 21c-4PF6 750 850 
19a-4PF6 785 3100 Z2c-4PF6 780 1400 
20a-4PF6 807 2900 19d-4PF6 760 2400 

18a-4PF6 620 620 19c-4PF6 790 4150 

21a-4PF6 770 900 20d-4PF6 745 1900 
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Conclusion 

In this paper we have established a methodology for the synthe- 
sis of TTF-containing rotaxanes and catenanes by utilizing the 
concept of self-assembly. From the reactions of TTF-based di- 
macrocyclic compounds incorporating two aromatic units, two 
new types of catenanes, namely, [3]pseudocatenanes and 
[4]pseudocatenanes, were synthesized, although the latter is a 
mixture of configurational isomers. The reactions of various 
dimacrocycles, containing aromatic units with different x-elec- 
tron donating abilities and sizes, display different self-assembly 
patterns and hence lead to different regio- and configurational 
selectivities. In one example, the dimacrocyclic compound in- 
corporating two 1,5-dioxynaphthylene units reacts quantitative- 
ly to form two catenanes, an example of quantitative self-assem- 
bly of catenanes in a template-directed method. The fixation of 
the TTF units within the tetracationic macrocycles urovides a - -  
new approach to preventing the isomerization of unsymmetrical 
TTF compounds, which may be important for the future use of 
TTF-derived macrocycles in supramolecular chemistry. 

Stoddart et al. originally developed the concept of x-x 
donor -acceptor interactions in the synthesis of catenanesL6] 
The successful synthesis, described in this paper, of a variety of 
TTF-containing rotaxane and catenane structures with a new 
topology represents a further development of this concept. The 
chemo- and configurational selectivities exhibited by the reac- 
tions of the dimacrocycles not only demonstrates the versatility 
of the electroactive TTF unit as a building block for large and 
highly ordered supramolecular structures, but also points to- 
wards the construction of controllable TTF-based catenanes. 

Experimental Procedure 
General Methods: Chemicals were purchased from Aldrich and Fluka and used as 
received. Solvents were purified according to standard procedure. Thin-layer chro- 
matography (TLC) was carried out on aluminum sheets precoated with silica gel 
60F (Merck 5554) and inspected by UV light and/or developed with iodine vapour. 
Column chromatography was carried out using silica gel 60F (Merck, 9385, 230- 
400 mesh). Melting points are uncorrected, 'HNMR spectra were recorded on a 
Bruker AC250 or a Varian 500 spectrometer; all chemical shifts are referenced to 
TMS. Electron impact (EI) and fast atom bombardment (FAB) mass spectra were 
obtained on a VG 7070E or Varian MAT 31 1 A instrument. Plasma desorption mass 
spectra (PDMS) were carried out on BioIon 10 K time-of-flight mass spectrometer 
(Biosystems, Uppsala, Sweden) over 5 x los fissions (z5zCQ. Electrospray (ES) 
mass spectra were recorded using a Finnigan MAT TSQ 700 triple quadrupole mass 
spectrometer. The catenanes were electrosprayed from methanol solution. The ions 
passed through a heated capillary into the first quadrupole from two different 
sources, the MAT electrospray ionization source with a sample flow of 
5-10 pL min-', the capillary at SOT, and a coaxial flow of N, at 30-40 psi, and 
another source made in our laboratory, with a sample flow of 0.3-0.7 pLmin-' 
and a capillary at 150°C. There was no overall difference in the spectra obtained 
with the two sources; the latter had the advantage of using less sample because of 
the lower flow rate. The electrospray needle was maintained at 4.5-5.2 kV and the 
instrument operated in positive ion mode. The exact appearance of the spectrum 
depended on the spray and instrument parameters. CV measurements were carried 
out with Bu,NPF, as supporting electrolyte, with a sweep rate of 100 mVs-'. 
Counter and working electrodes were made of Pt and the reference electrode was 
AgjAgCI. UV/Vis spectra were recorded on a Shimadzu UV-160 instrument. Ele- 
mental analyses were carried out by Microanalytical Laboratory, Copenhagen Uni- 
versity. All the reactions were carried out under the protection of nitrogen. 
We use the name [3]pseudocatenane for the interlocked systems 19 and 20 in order 
to distinguish this type of catenane from a simple [3]catenane such as 21. We are well 
aware that, strictly, compounds 19,20, and 21 are all catenanes, and the prefix does 
not explain the actual structure. We have yet to come up with a good descriptive 
name for the type of catenane in which a bicyclic molecule is clamped by a ring 
around the central bond. 

(2-(2-(2-Bromwthoxy)ethoxy)ethoxy)-4-(tripheny~ethyl)~~ene (2) : A mixture of 
2-(2-(2-(p-(triphenyImethyl)phenyl)ethoxy)ethoxy)ethyl tosylate [6n] (5.01 g, 
8.05 mmol) and LiBr (1.42 g, 15.4 mmol) in acetone (100 mL) was refluxed for 16 h 
and then allowed to cool to room temperature. The solvent was removed in vacuo, 
and the residue extracted with CH,CI, (200 mL). The organic phase was washed 

with water and dried (MgSO,). The solvent was removed to afford a residue, which 
was subjected to column chromatography (silica gel, EtOAc/light petroleum (60- 
80°C) 1:5). 2 (2.51 g, 59%) was obtained as a solid. M.p. 102-104°C; 'HNMR 
(250 MHz, CDCI,): 6 = 3.44 (t, 2H; BrCH,), 3.65-3.86 (m, 8H; OCH,), 4.10 (t, 
2H;  OCH,),  6.79 (d, 2H; C,H,), 7.10 (d, 2H; C,H,), 7.20 (m, 15H; C,H,); MS 
(EI): m/z  (%): 531 (100) [MI'. C,,H,,BrO, (531.5): calcd C 70.05, H 5.89; found 
C 70.30, H 5.72. 

1,4,5,8-Tetrahydr0-2,7(6)- bis(methylthio)-3,q7)-bis(2-(2-(2-(p-(triphenylmethyl)- 
phenyl)ethoxy)ethoxy)ethylthio~-1,4.5.&t (3, cis/fruns) : 2,7-Bis(2'- 
cyanoethylthio)-3,6-his(methylthio)tetrathiafulvalene (1) (0.93 g, 2.0 mmol) was 
added to DMF (100 mL). Cesium hydroxide monohydrate (0.60 g, 4.0 mmol) in 
methanol (10 mL) was then added dropwise over 20 min with stirring. The mixture 
was stirred for 30 min, and then a solution of 2 (2.45 g, 4.61 mmol) in DMF (50 mL) 
was added. The solution was stirred overnight. After the solvent had been removed 
in vacuo, dichloromethane (100 mL) was added, and the organic phase washed with 
water, saturated aqueous NaCl solution, and dried (MgSO,). The solvent was then 
removed in vacuo, and the residue was purified by column chromatography 
(CH,Cl,/cyclohexane 1:50). The two isomers of 3 (the first, 0.30g (19%); the 
second, 0.24 g (10%)) were both obtained as orange solid. We could not assign the 
two compounds as cis or fruns isomer on the hasis of the 'H NMR spectra. First 
isomer: M.p. 144-46°C; 'HNMR (CDCI,): 6 = 2.38 (s, 6H;  SCH,), 2.97 (t. 4H;  
SCH,), 3.64-3.71 (m, 12H; OCH,), 3.83 (m, 4H; OCH,), 4.09 (m, 4H;  OCH,), 
6.91 (dd, 8H;  C,H,), 7.16-7.25 (m. 30H; C,H,); MS (PD): mjz: 1261.5 [MI'; 
C,,H,,O,S, (1261.8): calcd C 66.63, H 5.44, S 20.33; found C 66.73, H 5.39, S 
20.15. Second low-melting isomer: M.p. 83-85°C; 'H NMR (250 MHz, CDCI,): 
6 = 2.37 (s, 6H;  SCH,), 2.98 (t, 4H;  SCH,), 3.64-3.72 (m. 12H; OCH,), 3.84 (m, 
4H; OCH,), 4.08 (m, 4H; OCH,), 6.91 (d, d, 8H. C,Hb), 7.16-7.26 (m, 30H; 
C,H,); MS (PI)): m/r: 1259.9 [MI'; C,,H,,O,S, (1261.8): calcd C 66.63, H 5.44; 
found C 66.37, H 5.34. 

1,5-Bis(2-(2-(2-iodoethoxy)ethoxy)ethoxy)naphthalene (4 c): A mixture of 1 S-dihy- 
droxynaphthalene (1.60 g, 10 mmol), 1,2-bis(2-iodoethoxy)ethane (30.0 g, 
SOmmol), and K,CO, (1.38 g, 10mmol) in anhydrous acetone (100mL) was re- 
fluxed with stirring for 16 h. The solvent was then removed in vacuo. The residue 
was extracted with CH,CI, (200 mL), and the organic phase washed with water and 
saturated aqueous NaCl solution. The solvent was dried over anhydrous MgSO, 
and removed in vacuo. The residue was subjected to column chromatography (silica 
gel) with CH,CI,/EtOAc (20: 1) as the eluent. 4c (2.0 g) was obtained in 31 % yield 
as a pale yellow solid. M.p. 58-60°C; 'HNMR (CDCI,): 6 = 3.23 (t. 4H;  ICH,), 
3.67 (t. 4 H; OCH,), 3.75 (m. 8 H;  OCH,), 3.98 (t, 4H;  OCH,), 4.28 (t. 4 H ;  OCH,), 
6.83 (d,2H;2-H (naph)), 7.34(dd,2H; 3-H (naph)),7.86 (d,2H;4-H (naph)); MS 
(EI): m/z (%): 644 (55) [MI', 516 (24), 155 (100); C,,H,,I,O, (644.3): calcd C 
41.01, H 4.70; found C 40.96, H 4.77. 

Z,CBis(Z-(Z-(Z-iodoethoxy)ethoxy)ethoxy)naphthalene (4 d) : was prepared similarly 
in 32% yield as a pale yellow oil by refluxing the mixture of 2,6-dihydroxynaph- 
thalene, 1,2-bis(2-iodoethoxy)ethane, and K,CO, in acetone for 24 h. 'H NMR 
(CDCI,): 6 = 3.25 (t, 4H;  ICH,), 3.73 (m, 12H; OCH,), 3.92 (t, 4H;  OCH,), 4.24 
(t. 4H;  OCH,), 7.02 (dd, 2H; 3-H (naph)), 7.05 (d, 2H; I-H (naph)), 7.64 (d, 2H; 
4-H (naph)); MS (EI): m/z  (%): 644 (90) [MI', 402 (18), 155 (100); C,,H,,,I,O, 
(644.3): calcd C 41.01, H 4.70; found: C 40.96, H 4.50. 

1,4,5,8 -Tetrahydro - 2,7(6)- 11,4- bis(2 - (2- (2- thioethoxy)ethoxy)ethoxy)phenylenel- 
3,6(7)-bis(methylthio)-l,4,5,8-tetrathiafi1lvalene (Sa, cisltruns): Compound 1 
(0.93 g, 2.0 mmol) was dissolved in DMF (40 mL). A solution of cesium hydroxide 
monohydrate (0.74 g, 4.4 mmol) in methanol (10 mL) was added dropwise with 
stirring over 30 min. The solution was stirred for 1 h. Then this solution and a 
solution of 4 a  (1.00 g, 2.0 mmol) in DMF (50 mL) were added simultaneously, 
during 17 ha t  room temperature, to DMF (200 mL) under high-dilution conditions 
by means of a perfusor pump. Stirring was continued for an additional 3 h, and the 
reaction mixture was then concentrated in vacuo. CH,CI, (100 mL) was added, and 
the organic solution washed with water, saturated aqueous NaCl solution, and dried 
(MgSO,). The solvent was then removed and the oily residue purified by column 
chromatography (silica, gel, CH,CI,/EtOAc 8: l), affording 5 a  (0.53 g, 38 %) as an 
orange oil. 'H NMR (CDCI,): 6 = 2.39 (ss, 4H; SCH,), 2.95 (m, 4H; SCH,), 3.69 
(m,l2H;OCH,),3.80(m,4H;OCH,).4.12(m,4H;OCH,),6.87(ss,4H;C6H,); 
MS (EI): m/r  (%): 698 (100) [MI';  C,,H,,O,S, (699.2): C 44.66, H 4.91; found C 
44.50,H, 5.01. 

1,4,5,8-Tetrahydro-2,7(6)-~9,10-bis(2-(2-(2-thioethoxy)e~oxy)ethoxy)anthrylene~- 
3,6(7)-bis(methylthio)-l,4,5,8-tetrathiafulvalene (5 b, cisltruns) was prepared in 69% 
yield as an orange oil from 1 and 4h. 'HNMR (CDCI,): 6 = 2.72, 2.90 (ss, 4H;  
SCH,), 3.04 (m, 4H; SCH,), 3.79 (m, 12H; OCH,), 3.91 (m, 4H;  OCH,), 4.43 (m, 
4H; OCH,), 7.39-7.51 (m, 4H;  2-H (anth)), 8.51 (m, 4H; I-H (anth)); MS (EI): 
m/z  (%) =798 (73) [MI', 209 (86), 45 (100); C,,H,,O,S, (799.2): C 51.09, H 4.80; 
found C 50.95, H 4.73. 

1,4,5,8-Tetrahydro-2,7(6)-bis(2'-cyanoethylthio)-3,~7)-~1 ,5-bis(2-(2-(2-thioethoxy)- 
ethoxy)ethoxy)naphthylene]-l,4,5,8-tetrathiaf~lvalene (7c, ctslfruns): 2,3,6,7-Tetrak- 
is(2'-cyanoethy1thio)tetrathiafulvalene (6) (1.09 g, 2.0 mmol) was added with stir- 
ring to DMF (40 mL). A solution of CsOH'H,O (0.74 g, 4.4 mmol) in methanol 
(10 mL) was added dropwise with stirring over 20 min. The solution was stirred for 
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1 h. Then this solution and a solution of 4c (1.30 g, 2.0 mmol) in DMF (50 mL) were 
added simultaneously, during 20 h at room temperature, to DMF (200 mL) under 
high-dilution conditions by means of a perfusor pump. Stirring was continued for 
an additional 5 h, and the reaction mixture then concentrated in vacuo. After 
workup, the oily residue was purified by column chromatography (silica gel, 
CH,CI,/EtOAc 5:l). Compound 7c (0.96 g, 58%) was obtained as an orange oil. 
'HNMR (CDCI,): 6 = 2.50-2.66 (m, 4H; CH,CN), 2.88-3.03 (m, 8H; SCH,), 
3.64 (m. 12H; OCH,), 3.96 (m. 4H;  OCH,), 4.32 (m, 4H;  OCH,), 6.88 (m, 2H; 
2-H (naph)), 7.35 (m, 2H; 3-H (naph)), 7.87(mm, 2H; 4-H (naph)); MS (FAB): mlz: 
826 [MIt;  C,,H,,N,O,S, (827.2): calcd C 49.36, H 4.64, N 3.39; found: C 49.23, 
H 4.62, N 3.31. 

1,4,5,8-Tetrahydro-2,7(6)-bis(2'-cyanoethyltbio)-3,~7)-~1,4-bis(2-(2-(2-thioethoxy)- 
ethoxy)ethoxy)phenylene~-l,4,5,8-tetrathiafulvalene (7 a, cisltruns) was prepared in 
36% yield as an orange oil from 4a  and 6. 'HNMR (CDCI,): 6 = 2.69 (m, 4H;  
CNCH,), 3.04 (m, 8H; SCH,), 3.69 (m, 12H; OCH,), 3.81 (m, 4H; OCH,), 4.10 
(m,4H;OCH2),6.85, 6.88(s, s,4H;Ar-H); MS(EI):m/z(%):776(11)[MIi,436 
(27), 404 (71), 172 (65j, 54 (100). 32 (94); C,,H,,N,O,S, (777.2): calcd C 46.36, H 
4.68, N 3.61; found: C 46.12, H 4.49, N 3.77. 

1,4~,~Tetrahydro-2,7(6)-bis(2'-cyanoethylthio)-3,6(7)-[9,l~-bis(2-(2-(2-thioetboxy)- 
ethoxy)etboxy)anthrylene~-l,4,~,8-tetratbiafulvalene (7b, cisitrum) was prepared 
from 4b and 6 in 58% yield as an orange oil. 'HNMR (CDCI,): 6 = 2.39,2.68 (2t. 
4 H ; CNCH,), 2.81,3.01 (2 I, 4 H ; SCH,), 3.09 (m, 4 H; SCH,), 3.72- 3.90 (m, 12 H ; 
OCH,), 3.97 (m. 4H; OCH,), 4.36 (m, 4H; OCH,), 7.38, 7.51 (2m, 4H;  1-H 
(anth)), 8.45 (m, 4H; 2-H (anth)); MS (EI): m/z (%) : 876 (8) [MIt, 208 (87), 76 
(100); C,,H,,N,O,S, (877.3): calcd C 52.02, H 4.61, N 3.19; found: C 52.14, H 
4.60, N 3.40. 

1,4,5,8-Tetrabydro-2,7(6)-bis(2'-cyanoethylthio)-3,~7)-[2,6-bis(2-(2-(2-thioethoxy)- 
ethoxy)ethoxy)naphthylenel-l ,4,5,8-tetratne (7d, C ~ S / ~ ~ U R S )  was prepared in 
52% yield as an orange oilysolid from 4dand 6. 'H NMR (CDCI,): 6 = 2.55-2.68 
(m, 4H; CNCH,). 2.86-3.03 (m, 8 H; SCH,), 3.62-3.73 (m, 12H; OCH,), 3.90(m, 
4H;  OCH,), 4.27 (m, 4H;  OCH,), 7.00 (dd, 2H; 3-H (naph)), 7.13 (d, 2H; 1-H 
(naph)), 7.63 (d. 2H; 4-H (naph)); MS (FAB): mjz: 826 [MI'; C,,H,,N,06S, 
(827.2): calcd C 49.36, H 4.64, N 3.39; found: C 49.23, H 4.62. N 3.48. 

1,4,5,8-Tetrahydro-2,7(6):3,6(7)-bis~1,5-bis(2-(2-(2-thioethoxy)ethoxy)ethoxy)napb- 
thylenel-l,4,5,&tetrathiafulvaleue (8c, cis/frans): Compound 7c (0.83 g, 1 mmol) 
was added with stirring to DMF (45mL). A solution of CsOH.H,O (0.37g, 
2.2 mmol) in methanol (5 mL) was added dropwise with stirring over 30 min. The 
resulting solution was stirred for 1 h. Then this solution and a solution of 4d (0.65 g, 
1.0 mmol) in DMF (50 mL) were added simultaneously, during 20 h at room tem- 
perature, to 200 mL of DMF under high-dilution conditions. Stirring was continued 
for an additional 4 h. After workup, the oily residue was purified by column chro- 
matography (silica gel, CH,CI,/EtOAc 4: 1). 8c (0.72 g, 67%) was obtained as an 
orange oil. 'HNMR (CDCI,): 6 = 2.86 (m, 8H; SCH,), 3.59 (m. 16H; OCH,), 
3.71 (m, 8H; OCH,) ,  3.94 (m, 8H; OCH,), 4.30 (m. 8H; OCH,), 6.80-6.89 (m, 
4H; 2-H(naph)), 7.26-7.40(m,4H; 3-H (naph)), 7.81 -7.90(d,4H;4-H(naph)); 
MS (FAB): m/z: 1108 [MI'; C,,H,,0,,S8 (1109.6): calcd C 54.12, H 5.46; found: 
C 54.27, H 5.67. 

1,4,5,8 -Tetrahydro- 2,7(6) : 3,6(7) - bis 11.4 - bis(2-(2 -(2 - tbi0ethoxy)ethoxy)ethoxy) - 
phenylenel-1,4,5,8-tetrathiafulvalene (8a, cisltruns) was prepared from 4a and 7 a  in 
38% yield as an orange oil. 'HNMR (CDCI,): 6 = 2.95 (m, 8H; SCH,), 3.60 (m, 
24H; OCH,). 3.80 (s, 8H; OCH,), 4.10 (m. 8H; OCH,), 6.84, 6.88 (s, s, 4H;  
Ar-HI; MS (€1): m/z (%): 1008 (18) [ M I + ,  883 (101, 518 (28), 414 (40), 76 (loo), 
45 (77); C,,H,,O,,S, (1009.5): C 49.97, H 5.60; found: C 49.89, H 5.72. 

1,4,5,S-Tetrahydro - 2,7(6) : 3,6(7)- bisl9,lO- bis(Z-(2-(2- tbioethoxy)etboxy)ethoxy)- 
antbrylenel-1,4,5,8-tetrathiafulvalene (8b, cisltruns) was prepared from 4b and 7 bin 
54% yield as an orange oily solid. 'HNMR (CDCI,): 6 = 2.84, 2.92 (2m, 8H;  
SCH,), 3.75 (m, 24H; OCH,), 3.97 (m, 8H;  OCH,), 4.34 (m, 8H; OCH,), 7.39, 
7.49 (2m, 8H; 1-H (anth)), 8.39 (m, 8H; 2-H (anth)); MS (PD): m/z: 1209.4 [MI'; 
C,,H,,O,,S, (1209.7): calcd C 57.58, H 5.34; found C 58.28, H 4.93. The com- 
pound was unstable and used immediately in the next step. 

1,4,5,8- Tetrahydro - 2,7(6) : 3,6(7)- bis [2,6- bis(2 -(Z - (2- thioethoxy)ethoxy)ethoxy)- 
naphthylenel-1,4,5,8-tetTathiafulvalene (Sd, cisltruns) was prepared in 60 % yield as 
as orange oily solid from 4d and 7d. 'HNMR (CDCI,): 6 = 2.84-2.95 (m, 8H;  
SCH,) ,  3.56-3.68 (m, 24H; OCH,), 3.84-3.88 (m, 8H;  OCH,), 4.24 (m, 8H;  
OCH,), 7.00 (dd, 4H;  3-H (naph)), 7.18 (d, 4H;  1-H (naph)), 7.71 (d, 4H; 4-H 
(naph)); MS (FAB): m/z: 1108 [MI'; C,,H,,O,,S, (1109.6): calcd C 54.12, H 5.46; 
found: C 53.94, H 5.35. 

1,2Bis~2-(4-(2-cyanoe~yl)thio-l,~ithiole-2-t~one-5-~o)ethoxy~etbane (11): 4,5- 
Bis(2'-cyanoethylthio)-1,3-dithiole-2-thione (9) (3.04 g, 10.0 mmol) was dissolved in 
DMF (40 mL) at room temperature. A solution of CsOH.H,O (3.35 g, 11.0 mmol) 
in methanol (20 mL) was added dropwise over 30 min. The solution was stirred for 
1 h, and 1,2-bis(2-bromoethoxy)ethane (10) (1.38 g, 5.0 mmol) was then added. The 
solution was stirred for 15 h and then concentrated in vacuo. The oily residue was 
extracted with CH,CI, (200 mL), and theorganic phase washed with water, saturat- 
ed aqueous NaCl solution, and dried (MgSO,). After the solvent was evaporated, 
the residue was purified by column chromatography (silica gel, tetrahydrofuran/cy- 
clohexane 1 :2). 11 (2.83 g, 92%) was obtained as an orange oil. 'H NMR (CDCI,): 

6 = 2.79 (t, 4H;  CH,CN), 3.13 (m, 8H;  SCH,), 3.67 (s, 4H; OCH,CH,O). 3.75 (t, 
4H;  SCH,CH,O); MS (EI): m/z (%): 616 (100) [MIt; C,,H,,N,O,S,, (617.0): 
calcd C 35.04, H 3.27, N 4.54; found C 35.13, H 3.26, N 4.67. 

1,2-Bis[2-(4-(2-eyaethyl)thio-l,~ithiole-2~ne-5-tbio~thoxy~ethane (12): A mix- 
ture of 11 (1.85 g, 3.0 mmol) and Hg(OAc), (5.0 g, 16 mmol) in CHCIJAcOH (3:1, 
100 mL) was stirred at room temperature for 24 h. The resulting white precipitate 
was filtered through Celite and washed thoroughly with CHCI,. The organic phase 
was then washed with aqueous NaHCO, solution (2%). water, saturated aqueous 
NaCl solution, and dried (MgSO,). After removal of the solvent in vacuo, the oily 
residue was subjected to column chromatography (silica gel, CH,CI,/EtOAc, 15: 1 j .  
12(1.58 g.90%)wasobtainedasanorangeoil. 'HNMR(CDC1,): 6 = 2.78(t,4H; 
CH,CN), 3.12 (m, 8H; SCH,), 3.66 (s, 4H;  OCH,CH,O), 3.74 (s, 4H;  
SCff,CH,O); MS (€1): m/z (%): 584 (100) [MI'; C,,H,,,N,O,S, (584.9): calcd C 
36.96; H 3.45; N 4.19; found C 37.30; H 3.42; N 4.65. 

I,4,5,8-Tetrahydro-2,7(6)-bis(2'-cyanoethylthio)-3,~7)-(4,7-dioxa-l,lOdi~iadecane- 
1,10diyl)-1,4,5,8-tetrathiafulvalene (13, cisjtruns): A solution of 12 (1.17 g, 
2.0 mmol), P(OEt), (freshly distilled, 2 mL) in toluene (30 mL) was refluxed with 
stirring for 30 min and then allowed to cool to room temperature. After removal of 
the solvent in vacuo, the oily residue was directly subjected to column chromatogra- 
phy (silica gel, petroleum ether (60-80 "C)/€tOAc, 2: 1) to give 13 (0.39 g, 35 %) as 
an orange oil. 'HNMR (CDCI,): 6 = 2.65-2.86 (m, 4H; CH,CN), 2.89-3.23 (m, 
8H;  SCH,), 3.43-4.00 (m, 8H; OCH,); MS (EI): m/z (%): 552 (100) [MI';  
C,,H,,N,O,S, (552.9): Calcd C 39.10, H 3.65, N 5.07; found C 39.20H, 3.52, N 
4.76. Under similar conditions, refluxing a solution of I1  and P(OEt), in toluene for 
1 h afforded 13 in 22% yield. 

1,4,5,8 - Tetrahydro - 2,7(6)- 11,4 - bis(2 - (2 - (2 - thioetboxy)etboxy)ethoxy)phenyleue] - 
3,6(7)-(4,7-dioxa-1,l~ditbiadecan~l,l~iyl)-l,4,5~tetrathiaf~vale~ (14, cis/ 
trum): Compound I3 (0.28 g, 0.5 mmol) wasdissolved in DMF(45 mL). A solution 
of CsOH.H,O (0.18g, 1.1 mmol) in methanol (5mLj was added dropwise with 
stirring over 20 min. The solution was stirred for 1 h. Then this solution and a 
solution of 4a (0.25 g, 0.5 mmol) in DMF (50 mL) were added simultaneously, over 
17 h at room temperature, to DMF (100 mL) under high-dilution conditions by 
means of a perfusor pump. Stirring was continued for an additional 5 h, and the 
reaction mixture was then concentrated in vacuo. CH,CI, (50 mL) was added. After 
filtration the organic solution was washed with water, saturated aqueous NaCl 
solution, and dried (MgSO,). After the solvent was evaporated, the oily residue was 
purified by column chromatography (silica gel, EtOAc/cyclohexane 1 : 1) to give 14 
(0.14g,35%)asanorangeoil. 'HNMR(CDCI,):6 = 3.02(m,8H;SCHZ),33.52- 
3.74 (m. 24H; OCH,), 3.80 (m, 4H;  OCH,), 4.07(m, 4H; OCH,), 6.82, 6.90 ( 2 %  
4H;  Ar-HI; MS (EI): m/z (%): 784 (100) [MI'; C,,H,,O,S, (785.2): Calcd C 
45.89, H 5.15; found C 46.02, H 4.93. 

{ 1,4,5,8-Tetrahydro-2,7(6)-bis(methylthio)-3,6(7)-bis~2-(2-(2-(p-(triphenylmethyl)- 
pbenyl)ethoxy)ethoxy~tbylthio~-1,4,5,8-tetrat~afulvalene (cis/~rans)}-{5,12,19,2~ 
Tetrsazoniaheptacycl0[24.2.2.2~~ 5.Z7, 1°.2". 15.216* '9.22'.'4)tetraconta- 
2,4,7,9,12,14,16,18,21,23,26,28,29,31,33,35,37,39-octadecaene Tetrakis(bexa4uoro- 
phosphate)) (rotaxane 17-4PF,): A solution of 3 (0.25 g, 0.2 mmol), 15-2PF6 
(0.42 g, 0.6 mmol) [6b], and 16 (0.18 g, 0.66 mmol) in DMF (1 5 mL) was stirred at 
room temperature for 10 d. The solvent was then removed in vacuo without heating. 
The green residue was extracted with CH,CI, (100 mL). The organic solution, after 
workup, gave 0.21 g (85 %)of unreacted 3. The residue dissolved partly in methanol, 
and the undissolved solid was filtered off. The solution was concentrated in vacuo 
to give a residue, which was subjected to column chromatography on silica gel with 
MeOH/aqueous NH,C1 solution (2hi)/MeNO, (7 :2:1) as the eluent. Collection of 
the green fraction afforded a green solid after evaporation of the solvent in vacuo. 
The solid was partially dissolved in methanol and filtered, and the solvent evaporat- 
ed in vacuo. The solid residue was then redissolved in a minimum amount of water 
(about 4 mL), and a saturated aqueous NH,PF, solution was added until precipita- 
tion was complete. After filtration and drying in vacuo, rotaxane 17-4PF, (48 mg, 
10%) was obtained as a dark blue solid. The 'HNMR spectrum indicated this 
rotaxane to be a mixture of cis and trans isomers. M.p. 153 "C (decom.); 'H NMR 
(CD,CN): 6 = 2.64 (s, 6H;  SCH,) ,  3.15 (t, 4H;  SCH,), 3.87-3.97 (m, 20H; 
OCH,), 5.68 (m, 8H), 6.55 (d, 4H), 7.12 (d, 4H), 7.21 (m, 30H), 7.72(m, SH), 7.89 
(d,SH),9.0O(m,SH);MS(ES):m/z: 1429[2M- 3PF,I3+, 1426[3M -4PF6I4', 

C,,,H,,,N,O,F,,P,S, (2362.2): calcd C 53.89, H 4.28, N 2.37; found C 53.61, H 
4.39, N 2.48. The reactions of the two isomers of 3 gave the same result. 

{ 1,4~,8-Tetrahydro-~7(6)-bis(methylt6io)-3,~~-~1,4-bs(z-(2-(2-txy~~xy)- 
ethoxy)phenylenej-l,4,5,8-tetratbiafulvalene (cis/trans)}-{5,12,19,26TetraazoniP- 
heptacyclo124.2.2.2*~ '.Z". 10.2'2. '5.Z'6.  19.22'~Z4jtetraconta- 
2,4,7,9,12,14,16,18,21,23,26,28,29,31,33,35,37,39~ctad~aene Tetrakis(hexafluoro- 
phosphate)} ([2]catenane 18a-4PF6): A solution of5a (350 mg, 0.5 mmol), 15-2PF6 
(106 mg, 0.15 mmol), and 16 (55 mg, 0.2 mmol) in DMF (10 mL) was stirred at 
room temperature for 7 d. After workup as described above, [2]catenane 18a-4PF6 
(32 mg, 12%) was obtained as a brown solid. M.p. 146°C (decomp.); *H NMR 
(CD,CN): 6 = 2.32-3.20 (m, 10H; CH,, SCH,), 3.34-4.56 (m, 20H; OCH,), 
5.40-6.24 (m. 12H), 7.42-7.68 (m, 16H), 8.94-9.05 (m, 8H); MS (FAB): m / z :  
1363 [M - 3PF,]+, 698 [5a]+; C,,H,,N,O,F,,P,S, (1799.4): calcdC 41.38, H 3.70, 
N 3.11; found: C 41.09, H 3.52, N 2.90. 

1272 [3 M - 5PFJ5+, 1036 [M - 2PF6IZf, 642 [M - 3PF,I3+, 445 [M - 4PFJ4' ; 
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{ 1,4,5,8 - Tetrahydro - 2,7(6) - his(methy1thio) - 3,6(7)- [9,10- his(2 -(2- (2 - thioethoxy) - 
ethoxy)ethoxy)anthrylene~-1,4,5,8-tetrathiafulvalene (cis/truns)}-{S,l2,19,26-Tetra- 
azoniaheptacyclo124.2.2.22~ '.Z1, 10.212. ".ZL6* 1y.221.24~tetraconta-2,4,7,9,12,14,16, 
18,21,23,26,28,29,31,33,35,37,39-octadecaene Tetrakis@exafluorophosphate)} 
([zlcatenane 18b-4 PF,): This compond was prepared as described for 18a-4PF6. 
18b-4PF6 was obtained as a blue solid in 14% yield from Sb, 15-2PF6, and 16 in 
DMF after 12d. M.p. 178°C (decomp.); 'HNMR (CD,CN): 6 = 2.68-3.25 (m, 
l0H;CH3,SCH,),3.54-4.67(m,20H;OCH,), 5.62-5.83(m,SH), 7.10-7.82(m, 
20H),8.04-9.12(m, 12H);MS(ES):m/z: 1754[M - PF6]+,1280[3M - 4PFJ4+, 
1121[2M- 3PF6]",994[3M- 5PF6]5t,804(M-2PF6]Zt,488[M-3PF,]3+, 
330 [M - 4PF6],+; C,,H,,N,O,F,,P,S, (1899.5): calcd C 44.26, H 3.72, N 2.95; 
found: C 43.96, H 3.54, N 2.87. 

{1,4,5,8 -Tetrahydro -2,6 : 3,7- bisll,5 - bis(2- (2 -(2- thioethoxy)ethoxy)ethoxy)naph - 
thylenej- 1,4,5,8-tetrathiafulvalene(truns)}-{5,12,19,26-Tetraazoniaheptacyclo-~24.2. 
2.2'. '2'. 10.212. 1s.216. '9.22'~24]tetraconta-2,4,7,9,12,14,16,18,2l,23,26,28,29,3l, 
33,35,37,39-octadecaene (circum TTF) Tetrakis-(hexafluorophosphate)} (13lpseudo- 
catenane 19 c-4 PF,), { 1,4,5,8-Tetrahydro-2,7(6):3,~7~bis[l,~b~2~2~2-thi~thoxy)- 
ethoxy)ethoxy)naphthylenej-l,4,5,&tetra-thiafulvalene (cis/truns)}-{5,12,19,26-Te- 
traazoniaheptacyclo-[24.2.2.Z2~ '2'. 10.2'2. 15.Z16. '9.22'.24~tetraconta-2,4,7,9,12,14, 
16,18,21,23,26,28,29,31,33,35,37,39-octadecaene (cireum naphthalene) Tetrakis- 
(hexafluorophosphate)} ([3]pseudocatenane 21 c-~PF,),  and { 1,4,5,8-Tetrahydro- 
2,7(6): 3,6(7)-his~1,5-his(2-(2-(2-thioethoxy)ethoxy)ethoxy)naphthylene~-l,4,5,8- 
tetrathiafulvalene ( ~ i s / t r a n s ) } - 2 { 5 , 1 2 , 1 9 , 2 6 - T e t r a a z o n i a h e p ~ ~ . 2 ~ ~ ~ ~ .  
Z1', 15.216, 19.2''~241tetraconta-2,4,7,9,12,14,16,18,21 ,23,26,28,29,31,33,35,37,39- 
octadecaene (circum naphthalene) Tetrakis(hexafluorophosphate)} ([4]pseudocate- 
nane 22c-8PF6): Compounds 8c (222 mg, 0.2 mmol), 15-2PF6 (425 mg, 0.6 mmol), 
and 16 (175 mg, 0.66 mmol) were dissolved in dry DMF (40 mL), and the solution 
was stirred at room temperature for 36 h. TLC indicated that all 8c had been 
consumed. The solvent was then removed in vacuo without heating. The dark blue 
residue was dissolved partly in methanol, and the undissolved solid removed by 
filtration. The solution was concentrated in vacuo, giving a residue, which was 
subjected to column chromatography (silica gel, MeOH/NH,CI solution ( 2 ~ ) /  
MeNO, (7:2: 1)). One blue and two purple bands were developed from the column. 
After the first two colored bands were washed down, the last band was eluted with 
MeOH/NH,CI solution (2w)/DMF (4:s: 1). The first fraction afforded a dark blue 
solid after removal of the solvent in vacuo. This residue was partially dissolved in 
methanol and filtered, and the solvent was removed in vacuo. The residue was then 
dissolved in a minimum amount of water (about 20 mL), and saturated aqueous 
NH,PF6 solution added until precipitation was complete. After filtration and dry- 
ing in vacuo, [3]pseudocatenane 19c-4PF6 (213 mg, 48%) was obtained as a dark 
blue solid. 
19c-4PF6: M.p. 230'~C (decomp.); 'H NMR (CD,CN): 6 = 2.81 (4H. m, SCH,). 
3.12 (m, 4H; SCH,), 3.63 (m, 4H; OCH,), 3.85-4.16 (m. 36H; OCH,), 5.54 (s, 
8H; C6H4CH2), 6.58 (d, 4H; 2-H (naph)), 7.27 (dd, 4H;  b-H (py)), 7.40-7.55 (m. 
12H;3,4-H(naph),p-H(py)),7.63(s,8H;CH2C,H,),8.66(d,4H; a-H(py)),8.85 
(d, 4H;  a-H (py)); 13C NMR (CD,CN): 6 = 36.02,65.47,68.44,70.24,70.56,70.66, 
106,85, 115.16, 118.33, 125.43, 126.58, 126.86, 130.72, 131.66, 136.95, 143.97, 
144.92, 154.43; MS (ES): mjz: 1512 [3M-4PFJ4+,  1328 (2M-  3PF,]", 
1108 [8c]+, 960 [M - 2PF612+, 591 [M - 3PF6I3+, 407 [M- 4PF6I4'; 
C,,H,,N,O,,F,,P,S, (2209.9): calcd C 46.74, H 4.20, N 2.54; found: C 46.63, H 
3.99, N 2.73. 
After workup in a similar way, the second and third bands gave, after counterion 
exchange, [3]pseudocatenane 21 c-4PF6 (80 mg, 18 %) and (4]pscudocatenane 22c- 
8PF, (172 mg, 26%) both as purple solids. The 'H NMR spectra of 21c-4PF6 and 
22c-8 PF, could not be assigned because they are mixtures of cis and trans isomers. 
21c-4PF6: M.p. 198°C (decomp.); MS (ES): mjz: 1512 [3M-4PF,I4+, 1328 
(2M - 3PF,13+,1108 [Sc]', 960 [M - 2PFJ2+, 591 [M - 3PF,]'+, 407 
[M - 4PFJ4+; C,,H,,N,O,,F,,P,S, (2209.9): calcd C 46.74, H 4.20, N 2.54; 
found: C 46.42, H 4.09, N 2.49. 
22c-8PF6: M.p. 215°C (decornp.); MS (ES): mjz: 1509 [M-2PF6]*+, 1179 
[2M - 5PF,I5', 1108 [Sc]', 958 [M - 3PF,]", 682 [M - 4PF,I4', 517 
[ M -  5PF,I5'; Cl,,Hl,,N,0,,F4,P,S, (3310.2): calcd C 44.26, H 3.78, N 3.39; 
found: C 43.85, H 3.87, N 3.25. 
When the reaction time was extended to 72 h, 2lc-4PF6 was transformed to 22c- 
8PF, completely, as detected by TLC. After workup as described above, 19c-4PF6 
and 22c-8PF6 were isolated in 48 and 46% yields, respectivly. 

{ 1,4,5,&Tetrahydro-2,6: 3,7-bis~l,4-bis(2-(2-(2-thioethowy)ethoxy)ethoxy)phenylene~- 
l,4$,8-tetrathiafulv~ene(truns)}-{5,l2,l9,26-Tetraazo~~eptacyclo-~~.2.2.22~ '.Z7, lo. 

Z1'* 15.216. 19.221~Z4]tetraconta-2,4,7,9,l2,14,16,18,21,23,26,28,29,31,33,35,37,39- 
octadecaene (circum TTF) Tetrakis(hexafluorophosphate)] ([3]pseudocatenane 19 a- 
4PF6), {1,4,5,8-Tetrahydro-2,7:3,6-bis11,4-his(2-(2-(2-thioethoxy)ethoxy)ethoxy) 
phenylene~-1,4,5,&tetrathiafulvalene(cis)}-{5,12,19,26-Tetra~oni~eptacyc1o-[~.2.2. 
2'. '.Z7, 10.21*, 1s.216, 'y.221~'~~tetraconta-2,4,7,9,l2,l4,16,18,2l,23,26,28,29,3l,33, 
35,37,39- octadecaene (circum TTF) Tetrakis(hexaflnorophosphateff ((3]pseudo- 
catenane 20 a-4PF6), and {1,4,5,8-Tetrahydro-2,7(6):3,6(7)-bis11,4-his(2-(2-(2-thio- 
ethoxy)ethoxy)-ethoxy)phenylenej-l,4,5,8-tetrathiaf~v~ene (eis/truns)}-{ 5,12,19,26- 
Tetraazoniaheptacycl0-[24.2.2.2~~ 5.213 ".2". 1'.216. '9.2'1~'4~tetraconta-2,4,7,9,12, 
14,16,18,21, 23,26,28,29,31,33,35,37,39-octadecaene (circum benzene) Tetrakis- 

(hexafluorophosphate)} ([4]pseudocatenane 21 a-4PF6) were prepared in 15,10, and 
4 %  yields, respectively, from 8a, 15-2PF6, and 16 after 10 d. 
19a-4PF6: dark solid; m.p. 220°C (decomp.); 'HNMR (CD,CN): 6 = 2.80 (m, 
4H;SCH,),3.21(m,4H;SCH,),3.71-4.12(m,40H;OCH,),5.66(s,8H;NC~,), 
6.32 (s, 8 H; OC6H4), 7.63 (d, 4H; p-CH (py)), 7.68 (s, 8 H;  CH,C,H,). 7.80 (d, 4H;  
B-CH (py)), 8.82 (d, 4H; a-CH (py)). 9.01 (d, 4H; er-CH (py)); MS (ES): m j z :  1437 
[3M -4PF6I4', 1261 [2M-  3PF6]", 1008 [8a]+, 909 [ M -  2PFJ2+, 558 
[M - 3PFJ3+, 382 [M - 4PFJ4+; C,,H,,N,0,,F,,P4S8 (2109.8): C 44.40, H 
4.21, N 2.66; found: C 43.74, H 4.51, N 3.05. 
20a-4PF6: dark blue solid; m.p. 185°C (decornp.); 'HNMR (CD,CN): 6 = 3.01 
(t. 8H;  SCH,), 3.77-3.92 (m, 40H; OCH,), 5.62 (s, 8H;  NCH,), 6.41 (s, 8H;  
OC,H,), 7.63 (s,8H; C,H4CH,),7.82(s, 8H,P-CH (py)),8.95 (s ,4H; m-CH (py)); 
MS (ES): m/z: 1964 [ M  - PF,]', 1437 (3M - 4PF6I4'. 1261 [ 2 M  - 3PF6I3+, 909 

(2109.8): calcd C 44.40, H 4.21, N 2.66; found: C 43.88, H 4.19, N 2.67. 
21a-4PF6: brown solid; m.p. 200°C (decornp.); MS (ES): mjz: 1964 [M - PF,]', 

[ M  - 2PF,I2+, 558 [ M  - 3PFJ3+, 382 [M - 4PFJ4+; C78H88N40,2F,4P4S, 

1437 [3M-  4PF6I4+, 1261 [2M - 3PF,13+, 909 [M- 2PF6]'+, 558 
[ M  - 3PFJ'+, 382 [M - 4PFJ4+; C78H,sN,01,F,,P,S, (2109.8): C 44.40, H 
4.21, N 2.66; found: C 44.42, H 4.52, N 2.73. 21a-4PF6 is a mixture of rransjcis 
isomers and it is difficult to assign its 'HNMR spectrum. 

{ 1,4,5,&Tetrahydro-2,6: 3,7-bis~9,10-bis(2-(2(2lhioethoxy)ethoxy)ethoxy)anthyl-ene~- 
1 , 4 , 5 , & t e t r a t h i a f u l v ~ e n e ( t r u n s ) } - { 5 , 1 2 , . 2 . 2 . 2 ' ~  '.Z7. lo. 

21Z~'5.216~'9.221~24~tetrac~nta-2,4,7,9,12,14,16,18,21,23,26,28,29,31,33,35,37,39- 
octadecaene (circum TTF) Tetrakis(hexafluorophosphate)} ([3]pseudocatenane 19 b- 
4PFJ was prepared in 4 %  yield from 8h, 15-2PF6, and 16 after 21 d. Under 
10 kbar, 19 h-4PF6 could be prepared in 27 % yield after 3 d. Dark solid; m.p. 250 "C 
(decornp.); 'HNMR (CD,CN): 6 = 2.70 (m, 4H; SCH,), 3.13 (m, 4H;  SCH,), 
3.55 (m, 8H; OCH,), 4.04 (s. 8H;  OCH,), 4.13 (m. 4H; OCH,), 3.82 (m. 16H; 
OCH,),4.47(m,4H;OCH,),5.59(d,d,8H;NCHz),6.95(d,4H; 1-H(anth)),7.32 
(d,4H; l-H(anth)),7.35 (t ,4H;2-H (anth)),7.50(t,4H;2-H (anth)),7.60(s,8H; 
C,H,CH2),7.86(d,4H;B-CH(py)),8.13(d,4H;B-CH(py)),8.50(d,d,4H;1-CH 
(py)), 8.87 (d, d, 4H; a-CH (py)); MS (ES): mjz: 1587 [3M- 4PF,I4', 1395 
(2M - 3PFJ3+, 1009 [M - 2PF6]'+, 625 [M - 3PFJ3+, and 432 [M - 4PFJ4+; 
C,,H9,N,01,F,,PaS8 (2310.0): calcd C 48.87, H 4.20, N 2.43; found: C 49.00, H 
3.99, N 2.27. 

{1,4,5,8-Tetrahydro-2,6:3,7-his~2,6-bis(Z-(2-(2-thioethoxy)ethoxy)ethoxy)naphthyl- 
ene~-l,4,5,&tetrathiafulvalene(tvans)}-{5,l2,l9,26-Tetraazoniaheptacyclo-~24.2.2.22~ '. 
Z7, ".2", 15.Z163 1y.Z21~~4]tetraconta-2,4,7,9,l2,l4,16,l8,2l,23,26,28,29,3l,33,35,37,3~ 
octadecaene (circum l T F )  Tetrakis(hexafluorophosphate)} ([3]pseudocatenane 19d- 
4 PF,) and { 1,4$,8-Tetrahydro-2,7: 3,6-bis~~,6-bis(2-(2-(2-thioethoxy)ethoxy)ethoxy) 
naphthylene]-1,4,5,&tetrathiafulvalene(cis)}-{5,12,19,26-Tetraazoniaheptacyc1o- 

31,33,35,37,39dctadecaene (circum l T F )  Tetrakis@exafluorophosphate)} ([3]pseudo- 
catenane 20d-4PF6) were prepared in 10% and 18% yields, respectively, both as 
darkbluesolidsfrom8d,15-2PF,,andl6inDMFafter7 d. 19d-4PF6:M.p.205"C 
(decomp.); 'HNMR (CD,CN): S = 2.80 (m. 4H; SCH,), 3.16 (m. 4H;  SCH,), 
3.65 (m, 4H; OCH,), 3.83 -4.12 (m, 36H; OCH,), 5.67 (s, 8 H; C6H,CH,), 6.47 (d, 
4H;  1-H (naph)), 6.86 (dd, 4H; 3-H (naph)), 7.39 (d, 4H; p-CH (py)), 7.42 (d, 4H;  
P-CH (py)), 7.59 (d94H;4-H (naph)), 7.66(s, 8H;  CH,C,H,), 8.76 (d, 4H; a-CH 
(py)), 8.95 (d, 4H; a-CH (py)); MS (ES): mjz: 1108 [8d]+, 960 [M - 2PF,I2+, 591 
[ M -  3PFJ3+; C,,H,,N,O,,F,,P,S, (2209.9): calcd C 46.74, H 4.20, N 2.54; 
found: C 46.58, H 4.64, N 2.63. 
20d-4PF6: M.p. 195°C (decomp.); 'HNMR (CD,CN): 6 = 3.02 (t, SH; SCH,), 
3.89 (m, 24H; OCH,), 3.96 (t. 8 H ;  OCH,), 4.14 (t, 8H; OCH,), 5.61 (s, 8 H ;  
C,H,CH,), 6.61 (d, 4H; I-H (naph)), 6.91(dd, 4H; 3-H (naph)), 7.56 (d, 4H;  4-H 
(ndph)), 7.60 (s, 8H;  CH,C,H,), 7.62 (d, 8H;  b-CH (py)), 8.84(d, 8H; or-CH (py)); 
MS (ES): mjz: 1108 [8d]+, 960 [M-2PFJ2+.  591 [M-3PF6]3f;  
C,,H92N,01,F,,P4S, (2209.9): calcd C 46.74, H 4.20, N 2.54; found: C 46.56, H 
4.53, N 2.69. 

[u.2.2,22.5 .Z 7.10 . 212.15 . 216.19 . 221.24 Itetraconta-2,4,7,9,12,14,16,18,21,23,26,28,29, 
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