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Discovery of an all-donor aromatic [2]catenane
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We report herein the first all-donor aromatic [2]catenane formed through dynamic combinatorial chemistry, using single

component libraries. The building block is a benzo[1,2-b:4,5-b’]dithiophene derivative, a t-donor molecule, with cysteine

DOI: 10.1039/x0xx00000x

appendages that allow for disulfide exchange. The hydrophobic effect plays an essential role in the formation of the all-

donor [2]catenane. The design of the building block allows the formation of a quasi-fused pentacyclic core, which enhances

the stacking interactions between the cores. The [2]catenane has chiro-optical and fluorescent properties, being also the

first known DCC-disulphide-based interlocked molecule to be fluorescent.

Introduction

Catenanes have become a curiosity since their advent about
half a century ago.'=3 Two main strategies have been developed
in parallel for their syntheses: metal-templated synthesis*® and
dynamic combinatorial chemistry (DCC).310-16 After the
statistical catenation era (where the interlocked molecules
were produced by statistical threading), Jean-Pierre Sauvage
pioneered the metal-templated synthesis.* This approach takes
advantage of the preorganisation of the ligands around
transition metal cations followed by the catenation step
(mechanical bond formation). The metal ion can then be
removed to obtain a purely organic interlocked molecule.*¢ In
contrast to this, the active metal templation method, which
includes click-chemistry!” and other copper catalysed
reactions,®181% js based on the catalytic properties of some
transition metals that have allowed the synthesis of catenanes.
Another, less common, strategy is using alkali metal cations as
templates.?® The metals can also be part of the macrocycle
forming the catenane.?22 The strategies described above rely
on a template (the metal cation) to bring together the species
involved in the catenation process. In contrast to these, there
are methods that take advantage of hydrogen and halogen
bonding, r-it interactions, and the hydrophobic effect in order
to provide the necessary preorganisation in catenane synthesis
via ring closing metathesis,?3 amide bond formation or DCC. The
Vogtle?* and Hunter?> groups were able to synthesise catenanes
using hydrogen-bonding. Chloride,?® bromide?’:28 and iodide?®
anions allow halogen bonding (anion templation) that has also
led to catenated species. Anion templation was also done via
hydrogen bonding.29:3°
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DCC exploits the reversible nature of certain covalent bonds
(disulphide,3'33 imine,'2343> etc.) and has emerged as an
efficient method for catenane synthesis. In DCC, simple building
blocks are mixed together and react until the thermodynamic
equilibrium is reached. The catenane formation has been driven
by aromatic m-m stacking interactions and hydrophobic
effect.323637 The hydrophobic effect is a non-covalent
interaction that uses the ability of molecules with hydrophobic
cores to “shield” themselves from aqueous media through
stacking. The hydrophobic effect has been used in DCC and non-
DCC syntheses. Highlights of the latter include examples from
the Stoddart group, which have assembled a catenane using the
cavity of a beta-cyclodextrin,®® and Fujita’s group whose
“magical rings” yielded a [2]catenane quantitatively in the
presence of high salt concentration.?!

One of the most common types of catenane is the one in
which four aromatic units are held together by non-covalent
aromatic nt-7 stacking interactions.1221.27,33,37,39-51 Among these,
the studies reported in the literature mostly focus on donor-
acceptor-based catenanes in which electron donor and electron
acceptor aromatics stack to form a DADA (D = donor, A =
acceptor) sequence.*”-52756 Of all the possible combinations of
four aromatic units stacking in a [2]catenane structure, the all-
donor structure has only been reported by Stoddart et al. albeit
with non-aromatic cores (Scheme 1a).1° In that report the all-
donor catenane was synthesised via a 4e reduction of a classical
DADA [2]catenane. The all-donor catenane is peculiar because
of highly unfavourable electronic repulsions of aromatic donor
units. Herein, we report the spontaneous self-assembly of an
all-donor aromatic [2]catenane from a dynamic combinatorial
library (Scheme 1c).
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2 Computational studies on the two cores indicatgd that iBRT
=" g\o is slightly less electron rich that BDT, QQ'=102938/ QaCORIE,

C A respectively. The syntheses of cysteine appended building
QQO Oé \jj _'Ei\) %) blocks are described in Scheme 2. They start with either 1,4-
L dibromo-2,5-dimethylbenzene (for BDT) or 1,5-dibromo-2,4-
dimethylbenzene (for iBDT) which are converted to the
b) corresponding esters of BDT and iBDT over three and four steps,
respectively. The esters are then hydrolysed to give the

@ @ @ @ @ dicarboxylic acids 5 and 9 (Scheme 2). The building blocks for

dynamic combinatorial libraries (DCLs) are generated by the

bboD DADA babp ADDA AADA AAAA NHS (N-hydroxysuccinimide) activation of the acids followed by
9 This work e coupling with L- or D-S(Trt)-Cys-OH and finally trifluoroacetic
D _coon acid deprotection to give the free thiols 1 and 2 (L- enantiomers,
HO:}}O S s’/o HN/ / oo Scheme 2; 1* the D— enantiomer of 1, Scheme S1).
oo m{ﬁ% X The abserptlen profile of the BDT' precursor 6 shows a
o o § 000" athochromic shift compared to that of iBDT 10 (Amax = 393 nm
oo M;’Qfﬁ"icm vs. 350 nm, respectively), suggesting a larger band gap for iBDT

Scheme 1 a) The previously published all-donor [2]catenanes by Stoddard group; s .
b) the arrangement described in this paper along with the other types of compared to BDT and a better electron delocalisation in BDT

[2]catenanes ~ stacking published by Sanders - m-donor, f :
dialkoxyanphthalene, blue - m-acceptor, naphthalenedumlcre) and ¢) the chemical (Fig. 1b). Compound 6 displays a more complex spectrum than

structure of the all-donor aromatic [2]catenane synthesised in the paper. 10, with bands at 333 nm and 282 nm indicating different
electronic properties of the structural isomers. At lower energy,
the BDT has a larger extinction coefficient than iBDT
Results and discussion (€393nm=11400 L molt em, £350,m=4640 L mol! cmL, Fig. S28-
29). The BDT derivatives are more emissive than their iBDT

We have designed two isomeric t-donor building blocks for ) i )
DCC: benzo[1,2-b:4,5-b’]dithiophene (BDT), 1, and benzo[1,2- counterparts — the quantum yield of BDT 6 in CHCl; is 0.075,
b:5,4-b’]dithiophene (iBDT), 2, Scheme 2. The difference whereas that of iBDT 10 is 0.0079 (Fig. 1c). The chirality of the
between the two building blocks is the connectivity of the aminoacid is transferred onto both aromatic cores as indicated
benzodithiophene which changes the symmetry of the core: C,, by their circular dichroism (CD) spectra in CHCI;. The molar
for BDT and Gy, for iBDT ellipticities of BDT 6 and iBDT 10 are comparable above 300 nm,

v .
however below 300 nm, the BDT’s ellipticity is about 7x lower
than that of iBDT. (Fig. 1a)

Br Br
HOOC b (nBu)OOC c de N
—_— Structural proof for BDT precursor 6 came from solving the
COOH COO(nBu) ) i R
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Br Br On 51%) X-ray diffraction pattern of crystals grown from a solution of

3 4(89%) acetone and trifluoroethanol. In the X-ray crystal structure (Fig.
‘fg 2) a hydrogen bond between the amide NH and methoxy O

(N0 2.771 A, AN-H-O 138°) is observed. This enables the

HS—}_NH o~ s o o T"S_';—NH o~ . system to adopt a pseudopentacyclic structure (three aromatic

Hooe /S Van W Hooc” /S )X _eoon cores from benzodithiophene and two cycles held together by

0 “—SH _o “—sTrt hydrogen bonding between amide and one of the methoxy

E 1(81%) 6 (78%) groups), which makes the amide coplanar with the aromatic

core, thus providing a larger 1t surface.

I:( ab (nBu)OOCIjCOO(nBuE de HO
= PR
Br Br Br Br o S S (0]

S\e]
-0
o
T
o
8 &
z

E
%n 08
7 8 (67%) 9 (21%) gs 0 o
Se-20 e —6 —10
2840 —6 —10 <04
f.g 5 60 02
=
-80 + 0
250 300 350 400 450 500 250 300 350 400 450 500
HoOC HO o- COOH A (nm) A (nm)
N HN " NH
Hs—> SH ™S “—sTit )
° Eo.oa TS —, -
z 6= ooc‘ﬁNH 4 ya COOH
2 (50%) 10 (91%) 2 0.06 Hooe s Vanww,
g . s
Scheme 2 Synthesis of 1 (top) and 2 (bottom) starting from 1,4- '3 0.04 —e—10 o
dibromoterephthalic acid and 1,5-dibromo-2,4-dimethylbenzene, respectlvely H
The yields under products are over the steps reported in each case. Experimental %002 Hoog NH\ W
conditions: (a) KMnO,4 (2 2 eqqu tBUOH/H,0 (1:1), 120 °C, 12 hr; (b) n-BuOH, H = mf s
H,S0,4, 120 °C, 12 hr; (c) (i) Pd,dbas (0.05 equiv), ppf (0.1 equw) 2-ethylhex i = J o
thioglycolate (2.4 eguw), 'PrzEtN (5 equiv), 100 °C, 15 hr; (ii) ‘BuOK (2.9 equiv), 360 410 460 510 560
gl;\/lﬂF '\%O(());C 3f{1r ( /M(eg) él equw? (4KZCO3 (? ?\lql—l|JSN84DMF )NZI5I(/ItF o/n; (7) l\ta)();-l A (nm)
e reflux, o/n; equiv), equiv), r.t., o/n; (g) S- :
trltyl L-cystelne @. ) equiv), Ny, 1-t. o/n; (h) TFA, ELSIH, r.t., 30 min, Slfgpl}eizj:—s}:)erscg%ur:gr dichroism (CD), b) the UV-vis and c) the fluorescence spectra
2| J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx
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Fig. 2 a) Top view of the X-ray structure of 6 showing the Fresence of the quasi-
pentacyclic core through the hydrogen bonding (dashed line) between NH and
OMe. b) side view and c) solid state packing structure of 6 viewed along the crystal
a-axis. All H atoms, except NH, have been removed for clarity. (C—grey, H— white,
O —red, N —blue, S —yellow) — CCDC: 2006236.

The solid state supramolecular packing is dominated by the
trityl interdigitation and an off-centred aromatic stacking
between the BDT cores. Carboxylic acid dimerization is
observed between two neighbouring molecules, organising the
BDTSs in two anti-parallel -tapes separated by 3.2 A on average.

Individual DCLs of 1 and 2 were prepared by dissolving the
building blocks in water at pH 8. The libraries were stirred in
closed capped vials, allowing for atmospheric oxidation for at
least three days before analysis. The DCL of 1 contained only a
homodimer based on HPLC and LC-MS studies. Increasing the
ionic strength of the DCL by adding 1 M NaNO; led to the
formation of a new species. LC-MS analysis of this DCL (Fig. 3)
indicated that the new compound has a shorter retention time
despite having double m/z compared to the homodimer, which
suggested an interlocked nature for the species.

The MS and isotope pattern analyses of the peak
corresponding to this new compound have indicated that it
contains four BDT units, while the MS/MS analysis supports the
assumption of an interlocked (catenated) structure of the
molecule (i.e. no fragment with m/z higher than a dimer — Fig.
S33 and S34 for LC-MS characterisation). The species (a
[2]catenane) was isolated for further characterisation.
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H Vijgw Article Online
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Fig. 4 Partial 2D NOESY (red) spectrum (500 MHz, 298 K) of all-donor L-
[2]catenane. The solvent (H,0) was referenced at 4.79 ppm.

Yo COOH
o s HN—/
TiS—, Q D “—sTrt
/—NH s o© 5 mM (total concentration)
HooC o
pH 8
o 1M NaNO,
15%

| LA S B B B B BB B N BB BB B B B R B B R B B R BN B R R |
5.0 6.0 7.0 8.0 9.0

Time (min)
Fig. 3 Reverse-phase HPLC analysis of 1 (5 mM concentration) in the presence of
1 M NaNO;, showing the formation of an all-donor catenane in 15% vyield (based
on 'H NMR integration).

This journal is © The Royal Society of Chemistry 20xx

In the 'H NMR spectrum we observe that the two signals
corresponding to the aromatic cores are more shielded than the
analogous ones of the homodimer (Fig. S35-36). This indicates
that in the [2]catenane the aromatic protons are shielded due
to the close proximity of the m surfaces in structure. The 2D
NOESY analysis shows cross peaks between the protons in the
aromatic region, suggesting an offset parallel arrangement of
the aromatic cores (Fig. 4 and Fig. S37-38). All the analytical data
for this species allows us to designate it as the first ever all-
donor catenane obtained through DCC. Attempts to enhance
the yield of this [2]catenane by increasing the salt content
(NaNOs3) to 5 and 10 M had a minor influence on its formation,
with a maximum vyield of 15% being obtained at all salt
concentrations (Fig. S39). The yield was determined by
integration of the *H NMR spectrum of a static DCL; the yield
determined by integrating the HPLC chromatogram was 12%,
the discrepancy is likely due to the broadening of the HPLC
peaks. As expected, the enantiomeric library (starting from D-
BDT, 1*) gave a quasi-identical distribution with the formation
of the enantiomeric all-donor [2]catenane.

The [2]catenane and 1 homodimer have similar absorption
spectra with both compounds displaying Amax at 407 nm (Fig.
5a). The bands in the spectrum of interlocked molecule are
broader than those in homodimer spectrum due to a lower
symmetry of the former. The CD spectra of 1 and 1*
homodimers are mirror images, as expected, as the compounds
are enantiomers. On the other hand, the CD spectrum of the
catenane has a different signature with lower ellipticity than the
dimers (Fig. 5b). We also took advantage of the fluorescent
properties of the building blocks and recorded the emission
spectra of the dimer and catenane, in which we observed Stoke
shifts of 51 and 66 nm, respectively. The quantum yields of both
catenane and homodimer 1 have been calculated using
fluorescein as standard.

J. Name., 2013, 00, 1-3 | 3
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Fig. 5 a) The UV-vis spectra (solid lines) of the 1* homodimer (blue) and all-donor
[2]catenane (red) and their respective fluorescence spectra (dotted lines) and b)
the CD spectra of 1* homodimer (blue), 1 homodimer (green) and all-donor
[2]catenane (red). The UV-vis and CD spectra are normalised.
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been detected and a gradual increase of the haseline with
increasing MeOH content of mobile Phast the/Has0béeeh
observed.

Hoog Yo 0—  cooH
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Hs— »_(/‘II\S_:{N_&SH 5 mM (total concentration)
o s s o
pH 8
e

\ | /=

T
60 65 70 75 80 85 90 9 5
Time (min)

T T T T T T 1
100 105 11.0 115 120 125 13.0

Fig. 6 Reverse-phase HPLC analysis of 2 (5 mM concentration) without any
additives (the compound with the triangle contains three extra methyl groups).

The results indicated that the catenane is almost five times
(Dear= 0.033, Dyimer= 0.007) more fluorescent than the dimer
(quantum yields). To the best of our knowledge, this is the first
example of an interlocked molecule made via disulphide DCC
that fluoresces.

A 1:1 mixed library containing 1 and 1%, in the absence of
the salt, formed at equilibrium three species: 1 homodimer, 1*
homodimer and the heterodimer (Fig. S46). The equilibrated
library in which the hydrophobic effect was augmented by
adding 1 M NaNOs, contains the heterodimer, the enantiomeric
homodimers, a heterotetramer, and a hetero all-donor
[2]catenane (Fig. S47). The hetero all-donor mixed chirality
[2]catenane was formed in slightly higher proportion than the
homochiral [2]catenanes from enantiopure libraries (18% vs.
12%, respectively).

Analysis of DCLs prepared by dissolving building block 2 (L-
iBDT) in water at basic pH (8), followed by oxidation in
atmospheric conditions revealed a very different speciation
when compared to the analogous DCLs of 1 (Fig. 6). At
equilibrium, the library contained two main species: a dimer
and a tetramer. The minor species in the DCL consisted of a
pentamer, a trimer and two methylated impurities of the dimer
and the tetramer, respectively. The tetramer (as well as the
pentamer) is a macrocycle and not an interlocked molecule as
indicated by the MS/MS analysis where fragments with masses
higher than a dimer were present (Fig. S54 and S57).

Addition of 1 M NaNOs; changes the library distribution
significantly (Fig. S52). The HPLC analysis of this DCL indicates
the formation of oligomeric species as no major peaks have

4| J. Name., 2012, 00, 1-3

In order to understand the stark difference in behaviour for
DCLs of 1 and 2 we turned our attention to molecular modelling.

The self-complementary stacking interactions between the
cores of the isomer building blocks is influenced by the
electronic properties of their m systems. The electron
delocalisation in the two monomer cores has been analysed by
ACID (anisotropy of the current -induced- density) calculations,
(Fig. 7 e,f), which show the flux of delocalised electrons in wt-rich
molecules. Both cores result to be conjugated and aromatic as
shown by a diatropic (clockwise) ring current. Therefore, the
electron delocalisation in the BDT and iBDT cores does not yield
itself as a decisive reason for the different behaviour of DCL of
1and 2.

COOH
a) JL R b)
HOOC )

2 s

% |

s
|
s

d—ﬁt( paves oo

HoOC el

Homodimer of 1

s

Fig. 7 Chemical structures (a,b) and overlapping spheres optimized geometries of
homodimers of 1 and 2 (c g ). Anisotropy induced current densities (ACID) plots
(isovalue 0.05 e/bohr3) of the BDT and iBDT cores (e,f).

Furthermore, the geometry optimisation (MO06-2X/6-
311G/H,0) of the stacked homodimeric aromatic cores
(without any linkage between them and omitting the OMe
substituents) reveals that both core pairs stack in a similar

This journal is © The Royal Society of Chemistry 20xx
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fashion with an average distance between the two cores being
3.256 A (iBDT) and 3.311 A (BDT) (Fig. S59), leading to the
conclusion that the interaction between them (at this level of
theory) is comparable. The relaxed geometries of the
homodimers of 1 and 2 (M06-2X/6-31G/H,0) shown in Fig. 7 c,d
demonstrate the different conformation adopted by the two
systems: the BDT structure possesses a cavity in which another
aromatic core can be threaded through while the iBDT dimer
adopts a self-complementary geometry which closes the gap
between the m surfaces. In the case of the latter, we postulate
that the presence of the methoxy groups on the same side of
the fused tricyclic system imposes steric demands that prevent
aromatic stacking in aqueous media. Furthermore, calculations
at the same theory level of the enthalpy of formation for each
dimer from its constituent building blocks indicates that the
energy release in the formation of the dimer of 1 is 28.6
kcal/mol larger than the corresponding value for the
homodimer of 2. The difference in the enthalpies of formation
and in the geometries adopted by the two dimers could be the
reason why the all-donor [2]catenane forms in the DCL of 1 and
is not present in the DCL of 2.

The different outcomes of the DCLs of these isomers show
the powerful nature of DCC, how selective it can be, and how
narrow the barrier between interlocked and non-interlocked
molecules is.

Conclusions

In conclusion, report herein the synthesis and
characterisation of the first aromatic all-donor [2]catenane
based on a benzodithiophene core using the DCC approach. The
key structural feature is the formation of an extended aromatic
core, quasi-pentacyclic, through a set of strong NH:--OMe
hydrogen bonds. The catenation of two BDT dimers happens
only when the hydrophobic effect is increased by the addition
of an inorganic salt. The isomeric iBDT, despite having the same
quasi-pentacyclic fused core does not form [2]catenane due to
the relative position of the two sulphur atoms which change the
stacking geometry of the cores. The all donor [2]catenane is the
first chiral emissive interlocked molecule synthesised via DCC
that can be used in chiroptical applications, which we
endeavour to investigate.

we

Conflicts of interest

There are no conflicts to declare.

Acknowledgements

This work was funded by the EPSRC (DTA TMG, AT) and the
University of Bath (AT). X-ray diffraction, NMR and HRMS
facilities were provided through the Materials and Chemical
Characterisation Facility (MC2), at the University of Bath.

Notes and references

1 E. Wasserman, J. Am. Chem. Soc., 1960, 82, 4433-4434.
2 E. Wasserman, Sci. Am., 1962, 13.

This journal is © The Royal Society of Chemistry 20xx

Chemical Science

3 G. Gil-Ramirez, D. A. Leigh and A. J. Stephens, Angew, Chem, .
Int. Ed., 2015, 54, 6110-6150. DOI: 10.1039/D0SC04317F

4 C. Dietrich-Buchecker and J.-P. Sauvage, Tetrahedron, 46, 503—
512.

5 J. Pierre. Sauvage and Michael. Ward, Inorg. Chem., 1991, 30,
3869-3874.

6 S. M. Goldup, D. A. Leigh, T. Long, P. R. McGonigal, M. D.
Symes and J. Wu, J. Am. Chem. Soc., 2009, 131, 15924-15929.

7 K. Wang, C.-C. Yee and H. Y. Au-Yeung, Chem. Sci., 2016, 7,
2787-2792.

8 D. A. Leigh, P. J. Lusby, R. T. McBurney, A. Morelli, A. M. Z.
Slawin, A. R. Thomson and D. B. Walker, J. Am. Chem. Soc.,
2009, 131, 3762-3771.

9 C. S. Wood, T. K. Ronson, A. M. Belenguer, J. J. Holstein and J.
R. Nitschke, Nat. Chem., 2015, 7, 354-358.

10 F. Stoddart, W. A. Goddardlll and I. R. Fernando, J Am Chem
Soc, 2016, 10214-10225.

11 D. B. Amabilino, P. R. Ashton, A. S. Reder, N. Spencer and J. F.
Stoddart, Angew. Chem. Int. Ed. Engl., 1994, 33, 433—437.

12 K. Caprice, M. Pupier, A. Kruve, C. A. Schalley and F. B. L.
Cougnon, Chem. Sci., 2018, 9, 1317-1322.

13 P.T. Corbett, J. Leclaire, L. Vial, K. R. West, J.-L. Wietor, J. K.
M. Sanders and S. Otto, Chem. Rev., 2006, 106, 3652-3711.

14 J. Li, P. Nowak, H. Fanlo-Virgos and S. Otto, Chem Sci, 2014, 5,
4968-4974.

15 K. R. West, R. F. Ludlow, P. T. Corbett, P. Besenius, F. M.
Mansfeld, P. A. G. Cormack, D. C. Sherrington, J. M. Goodman,
M. C. A. Stuart and S. Otto, J. Am. Chem. Soc., 2008, 130, 10834—
10835.

16 D. G. Hamilton, N. Feeder, S. J. Teat and J. K. M. Sanders, New
J. Chem., 1998, 22, 1019-1021.

17 K. D. Hénni and D. A. Leigh, Chem Soc Rev, 2010, 39, 1240—
1251.

18 M. J. Langton, J. D. Matichak, A. L. Thompson and H. L.
Anderson, Chem. Sci., 2011, 2, 1897.

19 Y. Sato, R. Yamasaki and S. Saito, Angew. Chem. Int. Ed., 2009,
48, 504-507.

20 A. Inthasot, S.-T. Tung and S.-H. Chiu, Acc. Chem. Res., 2018,
51, 1324-1337.

21 M. Fuyjita, F. Ibukuro, K. Ogura and H. Hagihara, Nature, 1994,
367, 720-723.

22 D. M. P. Mingos, J. Yau, S. Menzer and D. J. Williams, Angew.
Chem. Int. Ed. Engl., 1995, 34, 1894—1895.

23 D. Quaglio, G. Zappia, E. De Paolis, S. Balducci, B. Botta and F.
Ghirga, Org. Chem. Front., 2018, 5, 3022-3055.

24 F. Vogtle, T. Diinnwald and T. Schmidt, Acc Chem Res, 1996,
29, 451-460.

25 C. A. Hunter, J. Am. Chem. Soc., 1992, 114, 5303-5311.

26 J. M. Mercurio, A. Caballero, J. Cookson and P. D. Beer, RSC
Adv., 2015, 5, 9298-9306.

27 A. Caballero, F. Zapata, N. G. White, P. J. Costa, V. Félix and P.
D. Beer, Angew. Chem. Int. Ed., 2012, 51, 1876-1880.

28 L. C. Gilday and P. D. Beer, Chem. - Eur. J., 2014, 20, 8379—
8385.

29 N. H. Evans, C. J. Serpell and P. D. Beer, Angew. Chem. Int.
Ed., 2011, 50,2507-2510.

30 M. R. Sambrook, P. D. Beer, J. A. Wisner, R. L. Paul and A. R.
Cowley, J. Am. Chem. Soc., 2004, 126, 15364—15365.

31 N. Ponnuswamy, F. B. L. Cougnon, J. M. Clough, G. D. Pantos
and J. K. M. Sanders, Science, 2012, 338, 783-785.

32 H.Y. Au-Yeung, G. D. Pantos and J. K. Sanders, Proc. Natl.
Acad. Sci., 2009, 106, 10466-10470.

33 F.B. L. Cougnon, N. A. Jenkins, G. D. Pantos and J. K. M.
Sanders, Angew. Chem. Int. Ed., 2012, 51, 1443—-1447.

34 T. Hasell, X. Wu, J. T. A. Jones, J. Bacsa, A. Steiner, T. Mitra,

J. Name., 2013, 00, 1-3 | 5


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0sc04317f

=515 -Chemicat Sciencel= 121

ARTICLE Journal Name

A. Trewin, D. J. Adams and A. 1. Cooper, Nat. Chem., 2010, 2, View Article Online
750-755. DOI: 10.1039/D0SC04317F

35 F.B. L. Cougnon, K. Caprice, M. Pupier, A. Bauza and A.
Frontera, J. Am. Chem. Soc., 2018, 140, 12442—-12450.

36 H.Y. Au-Yeung, F. B. L. Cougnon, S. Otto, G. D. Pantos and J.
K. M. Sanders, Chem. Sci., 2010, 1, 567.

37 H.Y. Au-Yeung, G. D. Pantos and J. K. M. Sanders, Angew.
Chem. Int. Ed., 2010, 49, 5331-5334.

38 D. Armspach, P. R. Ashton, C. P. Moore, N. Spencer, J. F.
Stoddart, T. J. Wear and D. J. Williams, Angew. Chem. Int. Ed.
Engl., 1993, 32, 854-858.

39 H.Y. Au-Yeung, G. D. Pantos and J. K. M. Sanders, J. Am.
Chem. Soc., 2009, 131, 16030-16032.

40 F. B. L. Cougnon, N. Ponnuswamy, G. D. Pantos and J. K. M.
Sanders, Org Biomol Chem, 2015, 13, 2927-2930.

41 F.B. L. Cougnon and J. K. M. Sanders, Acc. Chem. Res., 2012,
45,2211-2221.

42 M. A. Aleman Garcia and N. Bampos, Org. Biomol. Chem.,
2013, 11, 27-30.

43 S. P. Black, A. R. Stefankiewicz, M. M. J. Smulders, D. Sattler,
C. A. Schalley, J. R. Nitschke and J. K. M. Sanders, Angew. Chem.
Int. Ed., 2013, 52, 5749-5752.

44 A. Coskun, S. Saha, I. Aprahamian and J. Fraser. Stoddart, Org.
Lett., 2008, 10, 3187-3190.

45 D. Cao, M. Amelia, L. M. Klivansky, G. Koshkakaryan, S. L.
Khan, M. Semeraro, S. Silvi, M. Venturi, A. Credi and Y. Liu, J.
Am. Chem. Soc., 2009, 132, 1110-1122.

46 P.R. Ashton, A. M. Heiss, D. Pasini, F. M. Raymo, A. N.
Shipway, J. F. Stoddart and N. Spencer, Eur. J. Org. Chem., 1999,
1999, 995-1004.

47 P.R. Ashton, T. T. Goodnow, A. E. Kaifer, M. V. Reddington,
A. M. Z. Slawin, N. Spencer, J. F. Stoddart, C. Vicent and D. J.
Williams, Angew. Chem. Int. Ed. Engl., 1989, 28, 1396-1399.

48 H. Li, H. Zhang, A. D. Lammer, M. Wang, X. Li, V. M. Lynch
and J. L. Sessler, Nat. Chem., 2015, 7, 1003—-1008.

49 V. Blanco, M. Chas, D. Abella, C. Peinador and J. M. Quintela,
J. Am. Chem. Soc., 2007, 129, 13978-13986.

50 A. Hori, K. Kumazawa, T. Kusukawa, D. K. Chand, M. Fujita,
S. Sakamoto and K. Yamaguchi, Chem Eur J, 2001, 7, 8.

51 T.-M. Gianga and G. D. Pantos, Nat. Commun., 2020, 11, 3528.

52 F.B. L. Cougnon, H. Y. Au-Yeung, G. D. Pantos and J. K. M.
Sanders, J. Am. Chem. Soc., 2011, 133, 3198-3207.

53 M. E. Dehkordi, V. Luxami and G. D. Pantos, J. Org. Chem.,
2018, 83, 11654-11660.

54 0. S. Miljanic and J. F. Stoddart, Proc. Natl. Acad. Sci., 2007,
104, 12966-12970.

55 L. Fang, S. Basu, C.-H. Sue, A. C. Fahrenbach and J. F.
Stoddart, J. Am. Chem. Soc., 2010, 133, 396-399.

56 D.Liu, Y. Lu, Y. Lin and G. Jin, Chem. — Eur. J., 2019, 25,
14785-14789.

This articleislicensed under a Creative Commons Attribution 3.0 Unported Licence.

Open Access Article. Published on 24 August 2020. Downloaded on 8/25/2020 10:51:10 AM.

6 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins


http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d0sc04317f

Page 7 of 7 Chemical Science

. View Article Online
GA teXt DOI: 10.1039/D0SC04317F

An all-donor [2]catenane has been synthesised via dynamic combinatorial chemistry.
It features stacked benzodithiopnenes which are quasi-pentacyclic through hydrogen

bonding.
GA figure:
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