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A large series of functional Substituted anthracenes was synthesized and esdldait the
ability to undergo [4+4Eycloadditions, forming dimers upon irradiation kvitVA, and fo
their dimers to dissociate thermally. This scissabthe dimers was shown to procerd cleal

and efficient wayat temperatures between 90°C and 200°C. It was rstbat the dissociatic
temperature is significantly influenced by the gitbent. The Arrhenius parameters of
scission reactions were determined by fluorescepeetroscopy and correlated to the tgbe
substituent. The absorption and emission maximgénefprepared monomeric anthracenes red-
shift with increasing electron-donating power of ®+substituentrhose results will be appli

in a forthcoming study addressing tailor-made reide polymer systems.

2016 Elsevier Ltd. All rights reserved

1. Introduction

The dimerization of anthracene under the influeat@ear-
UV radiation (UVA) was first reported by Fritzsche in6¥8
when he exposed an anthracene solution to direclightin
(Figure 1)! A crystalline product with very low solubility was
formed, which upon heating formed the starting pobdu
anthracene. This insoluble substance was identifgethe dimer
of anthracene and as both [4+4]-cycloaddition and
cycloreversion are only photochemically allowethe thermal
scission must follow a radical mechanism.
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Figure 1. Reversible dimerization of anthracene.

Thus far, many anthracene derivatives have beewrshm share
the dimer forming properties with their parent comnpd
anthracené provided that there is no significant steric hamire
that could interfere with the formation of a dimsuch as bulky
substituents on the 9- and 10-position of the edmring. For
example, introduction of two phenyl moieties on bthta 9- and
10-position of anthracene leads to a complete loksthe

dimerization ability, However, this substitution pattern also

blocks non-radiative decay of the excited stateaothracene,

leading to very efficient fluorescence and to feewence
quantum yields approximating unityThroughout the years,
anthracene and other reversible [4+4]-cycloaddifgstems have
been studied extensively and several good reviesvaailablé.

The dimerization of anthracene has been used éwe(sible)
polymerizatiof and reversible crosslinking in various fields
ranging from self-healing polymer materfalso surface
patterning® and controlled drug release.The dimerizable
anthracene moieties provide control over polyméitra or
crosslinking degree by the application of UV-lighd form
dimers, while heat or UVC are applied to breakup dinieto the
original anthracene derivatives.

In order to quantify and predict the behavior ofhaacene
derivatives and their corresponding dimer specigb wggard to
UV-exposure and thermal stability, both as bareding blocks
and in crosslinked networks, quantitative data mdigar the
scission of anthracene dimers is required. Unfoteipasuch
data are currently only available for a small stidec of
anthracene derivativé8. Moreover, thermodynamic data are
mostly limited to the dimer dissociation enthaldyaofew non-
functional 9-substituted anthracene dimers thanetie used
for the synthesis of linear or crosslinked polysgstems?

In this paper, the synthesis of a series of anémac
derivatives and their corresponding dimers, sultstit at the 9-
position with moieties having a different degree of
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electronegativity, is described with the aim to wstend the

relationship between the (photo)chemical propertésthese
structures and their chemical structure. Each dtvie is
subsequently spectroscopically characterized withang to
absorption and fluorescence emission in chlorofaaogtonitrile
and ethanol. The kinetic parameters determining ttremal
reversion are then obtained in order to be ablgraglict the
behavior of the prepared derivatives for their pos
application in functional crosslinked polymer méiés.

2. Results and discussion
2.1. Synthesis of anthracene derivatives

As explained in the introductory section, the aintho$ study
is to create a toolbox of well-characterized funwibanthracene
derivatives that can be used in a forthcoming stiadgonstruct
polymer materials with reversible crosslinks. Fois theason,
synthetic efforts and commercial accessibility pldya major role
in the selection of the type of anthracene deneatSince the 9-
position is the most reactive position towards ebgdtilic

aromatic substitutiol, the synthesis of 9-substituted anthracene

compounds is typically more upscalable than foep#ubstituted
anthracenes, making material applications moreleidixamples
of available low-cost anthracene derivatives aneécirsors
include anthracene methant anthrylcarboxylic acidl2, 9-
anthraldehyde4, which can be prepared using the Vilsmeier

reactiod® and anthrone, which can be prepared by partial,

reduction of anthraquinorié.

The first series, consisting of ‘9-GHanthracene derivatives,
i.e. compounds with a methylene unit attached toatitracene
structure, was synthesized either by esterificabmanthracene
methanol 1 with freshly distilled undecenoyl chlorid@ in
pyridine to form ester3 or by a Grignard reaction of 9-
anthraldehyde! with allyilmagnesium chloridé or undecen-10-
en-1-ylmagnesium bromid®, followed by reduction of the
formed benzylic alcohol with triethyl silane andfltroroacetic
acid (Scheme 1) with formation 6fand10, respectively.

OH
0

CI0D » ot
1 2

1%

_0 HO n/
(if)
OO -t —— OO
4 5:n=1;X=Cl 7:n=1
6:n=9; X=Br 8:n=934%
% l(iii)
o, = =
n n
11:n=19;99 % 9:n=1; 56 % ((ii)+(iii))

10:n=9;48 %

Scheme 1. (i) CsHsN, 5 min, 0 °C; overnight, rt, (i) (1) THF, 5 mif,°C; 1 h
rt, (2) NHCI, (iii) CH.Cl,, ESiH, CCOOH, overnight, rt, (iv) (1) CkLl,
C,0O.Cl,, DMSO, 30 min, -78 °C, (2) B

In a second series, consisting of electron-poomar&anyl
anthracene derivatives, an aromatic ketbhevas synthesized in
high yield (99%) by Swern oxidation of the intermegdi8
produced by the Grignard reaction of anthraldehydevith
undecen-10-en-1-ylmagnesium bromi@gScheme 1). Starting
from 9-anthrylcarboxylic acid, aromatic amides asters could
be synthesized. First, 9-anthrylcarboxylic atRlwas converted
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to. the ‘corresponding acid chloridé3 by reaction with
thionylchloride as previously reportédReaction ofl3 with 10-

undecen-1-ol yielded the aromatic esfidr with end-standing
double bond (Scheme 2). Bases such as triethylaonipgridine
could not be used, since steric hindrance of thieorg/ position
by the anthracene moiety leads to the formationstable
quaternary acylammonium salts that are hardly rea¢owards
alcohols, severely lowering the yield when tertiargirees are
added® Similarly, the non-functional aromatic amid®& was
synthesized by adding two equivalents of butylamine3 in

dichloromethane.

Scheme 2. (i) SOCL, 2 h, reflux, (i) 10-undecen-1-ol, GAl,, overnight,
rt, (iii) n-butyl amine, CHCI,, overnight, rt.

A third type of derivative, consisting of anthraceneith an
xygen at the 9-position, was synthesized startiog fanthrone
16. 9-Alkoxyanthracenes were synthesized by acid czddly
etherification of alcohols withl6 as described in literature
(Scheme 3¥° By using an excess of either 1,6-hexanediol or
1,12-dodecanediol, a functionalized anthracenevatve with
either a shortl7 or a long spacel8 was synthesized. Upon
dimerization of17 or 18, diols are created that can be used as
such as building blocks in polyurethanes. Alterretiyv 9-
alkoxyanthracenes such &¥ can be synthesized via base
mediated proton abstraction at the methylene brifidlewed by
alkylation of the formed anion with alkyl halid&By adding
undecenoyl chloride instead of alkyl halides tchamhe16, after
addition of a (strong) base and allowing enol reayeanent, ester
19 was synthesized in good yield (84%).

(o)
oFton 0 SRS
CoO —
84 %
17:n=6;54 % 16 19

18:n=12;75%

Scheme 3. (i) C;Hg, diol, H,SO, (cat.), overnight, reflux, (ii) (1) BN, 1
h, reflux, (2) 10-undecenoyl chlori® 2 h, reflux.

2.2. Functional group modification

In order to implement the synthesized anthracenmwatves
as building blocks for stepgrowth polymers (e.g.ypotthane
synthesis), alcohol groups are desired. Terminaibtio bonds,
present in many derivatives, can be hydrothiolatét alcohol-
containing thiols to form monofunctional or multifctional
alcohols. However, as thiols can also undesirakagtravith the
central anthracene rir‘?@],derivatives were first dimerized under
UVA irradiation prior to reaction. Derivativ@ was dissolved in
THF/hexane and irradiated (using mercury lamps \pitimary
emission at 365 nm) to form dimeB)4, which precipitated
during reaction (Scheme 4). After recrystallizatiomexane, ),
was dissolved in THF and radically reacted with 2-



mercaptoethanol or thioglycerol using DMPA as a pimitiator
to form diol £0),and tetraol Z1),, respectively (Scheme 5).

(0] =
W hv (A=365 nm)

3

THF/hexane

(3)2
Scheme 4. Dimerization of3.
OWS/\/OH OWSMOH
Q Q OH
" DN
3
g 79 % 83 % S OH
oS o oA s Ao
(20), (21),

Scheme 5. (i) 2-mercaptoethanol, THF, DMPA, 1 h, rt, ifii) 1-thioglycerol,
THF, DMPA, 1 h, rt, k.

2.3. UV-vis absorption and fluorescence behavior

The UV-vis and fluorescence properties of anthrasenay
vary depending on the surrounding solvent or (p@gnmatrix.
Therefore, the absorption wavelengths,, and Stokes shifts of
the anthracene derivatives were determined in thlifferent
solvents, respectively chloroform (aprotic), acétda (aprotic)
and ethanol (protic), as shown in Table 1 and TaBle
(Supporting Information). In general, thg,, of the anthracene
chromophore (e.g. at 359 nm in chloroform) shifts higher
wavelengths (e.g. 365 to 372 nm in chloroform) by pihesence

of a substituent, which lowers the HOMO—LUMO gap. This
shift of A, increases as the electron donating power of th

substituent increases. The highest shift is theeefiound for the
strongest electron donating substituents such as %R
alkoxyethersl7 and18.%

The absorption red-shift encountered
anthracenes such as estdr amidel5 and ketonell is not due
to intramolecular charge displacement stabilizaligran electron
withdrawing carbonyl (mesomeric effect), as steriadniince
inhibits the carbonyl to be in plane with the anterse ring®
Instead, the absorption shift should only be asdilio the
inductive effect of the substituents, lowering thergy gap.

Absorption spectra in acetonitrile and ethanol hader

wavelength maxima (2 to 3 nm difference) compared to

chloroform (Table 1). This change in absorption viewgth is
attributed to a different stabilization of the d@rd and ground
state by the solvents.

The relative order in energy gap size is confirnbgdDFT
calculations (basis set 6.311G*) on several antimexéTable 2).
In order to limit the amount of conformers, the yélichain
length was shortened for calculation. This is dopeagsuming
that the influence of the chain length on the auéne rings is
negligible. This assumption is supported by theeolstion that
variation in the absorption wavelengths of similathaacenes is
within the range of experimental uncertainty.

Molar attenuation coefficientg)(in chloroform ath. vary
between ~6.85 x £(q18 and19) and 10.3 x 1DL mol™ cmi* (3),
while that for unsubstituted anthracene was 8.3°¢.1fol™* cnmi

3
..In_acetonitrile, the molar attenuation coeffi¢genvaried
between 2.95 x T0(8) and 12 x 1®L mol™ cm™ (9). Both
absorption wavelength maxima and molar attenuatioe a
important factors in polymer applications when cdesng the
penetration depth of light upon irradiation and tmice of the
UV source.

1

The absorption spectra of several anthracene dimens also
measured (Figure S2, Supporting Information). Caexgbdo the
reported UV-absorption spectrum of the virtually aluble
unsubstituted dianthracef@p significant absorption wavelength
shifts were found. This may be due to the inabiityesonance,
rendering the aromatic systems less electron rich.

Aside from dimerizing (in concentrated solution) npo
irradiation, excited anthracene molecules are latgovn to decay
via fluorescence. As is shown in Table 1 (and Table S
Supporting Information), the formed derivatives @dawmedium
(0.49) to low (0.01) fluorescence quantum yid in dilute
solutions of chloroform, acetonitrile or ethanoherl very low
values of 0.01-0.03 are found for the aromatic ketbl. This
lack of fluorescence at room temperature for 9-amhthalkyl
ketones has been previously observed by Lai andLand
Hirayam&®, and has been ascribed to a very efficient non-
radiative decay. The highest fluorescence quantetd s found
for aromatic estet4, having a similar quantity of radiative and
non-radiative decay. Additionallyl4 has exceptional high
Stokes shifts (97- 106 nm) in comparison to theeotterivatives
(44-52 nm), along with high broadening of the vilmaal bands,
leading to a diffuse emission. Werner and Herélilascribed
this effect for 9-anthroic esters (and 9-anthnfoaaylic acid12)
to rotation of the carbonyl to a coplanar exciteates
configuration with intramolecular hydrogen bondi@honeim et
al?" contradict this conclusion and ascribed this effedwisted
intramolecular charge transfer.

3.4. Dimerization

The kinetics of dimerization (Figure 2) were testby
irradiation of solutions of 10 mM anthracene monomehexane
under inert atmosphere. The samples were irradisiddtwelve

for 9-carbonyl® W standard UVA-lamps with an emission maximum at 866

and were analyzed usifg-NMR.
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Figure 2. Dimerization of anthracenes (10 mM in hexane).

Amide 15 did not properly dissolve in hexane and could
therefore not be tested. Upon irradiation, the atitrketonell
formed more byproducts than dimers. This formatanside
products limits the reversibility of dimerizatioand therefore
anthryl ketones are not deemed useful for the @mes
applications.
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Table 1. Spectroscopic data of anthracene derivatives feddieom low to high\,a in chloroform and acetonitrile.

Chloroform Acetonitrile

Derivative - o Sto'kes Sto'kes - e Sto'kes Stqkes

m) (1M 7em?) r ?r']‘;;‘; (183"(';21) (nm) @micmy @ ?r']‘;;‘; (183"(';21)
Anthracene 359 8.31 0.11 45 3.1 357 8.17 0.19 44 1 3
14 365 7.09 0.49 97 5.8 363 8.2 0.36 100 5.9
15 365 7.10 0.13 52 34 362 7.2 0.12 45 3.0
11 366 7.00 0.02 51 3.4 364 5.61 0.01 44 3.0
19 367 6.86 0.21 45 3.0 364 10.6 0.20 46 3.1
3 368 10.3 0.27 48 3.1 365 8.91 0.24 46 3.1
8 369 7.21 0.25 49 3.2 366 2.95 0.15 49 3.2
9 370 8.72 0.39 48 3.1 368 12 0.40 46 3.0
10 371 7.36 0.40 47 3.0 368 7.97 0.40 46 3.0
17 372 7.08 0.33 51 3.2 369 6.68 0.17 51 3.3
18 372 6.85 0.39 52 3.3 369 8.34 0.15 52 3.3

*The Stokes shift is taken as the difference of temgth or wavenumber between the absorption amdghicence maxima.

As can be seen in Figure 2, 59 to 99% dimerizatios waDissociation occurred without any side reactions foost

acquired after 2 hours of UVA irradiation (~5 mW ®mnThese
dimerization rates are in the same order of thosvigusly
reported in literature for anthracenes in solutionin polymers
having high chain mobility® ***

As expected, the dimerization rate can be increhyedsing
higher concentrations and light intensity. Thissikown by the

derivatives.

As observed in Figure 3, the thermal dissociationtred
derivatives greatly depends on the substituent ead thus
happen over a broad temperature window (from aroutr@ t
180°C). The thermal dissociation results for thexels 8), and
(20), are very similar, which indicates that the furtk&tension

dimerization of3 in the melt, using a photo-DSC equipment with of the chain length and change of the end funclipndoes not

a high intensity UV lamp having 12 W &nintensity. After 25
minutes, 72% conversion was confirmed'ByNMR (Figure S3,
Supporting Information).

Table 2. HOMO, LUMO and energy gap E calculations.

HOMO®  LUMO?® [ Echloroform Eethanol
(eV) (eV) (eV) (eV) (eV)
14 -5.73 -2.22 3.51 3.40 3.42
3 -5.61 -2.11 3.50 3.37 3.40
10 -5.35 -1.86 3.49 3.35 3.37
18 -5.34 -1.86 3.48 3.33 3.36

#HOMO and LUMO are calculated for the derivativesing shorter chain
lengths (3 to 5 carbons), using 6.311G* as a lsstis

PCalculated as E = LUMO — HOMO.
‘Calculated as E = hdynax.

2.5. Thermal dissociation of dianthracene derivatives

The dissociation of dianthracene to anthracene @ecur
either photochemically by using UVC or thermally bsating®®
Photochemical dissociation may give rise to an ldagiim
between anthracene and dianthracene, as anthrdsenabaorbs
UVC wavelengths. Additionally, UV irradiation may causees
reactions, limiting the use of this reversible systwhen many
cycles are desirable. The thermal dissociation, kewealoes not
result in an equilibrium between anthracene andliiiser and
occurs in a clean and complete way.

The purified anthracene dimers were heated at aamnste
(10 K/min) and kept isothermal at different temperas for 10
minutes under inert atmosphere in a thermograviocattanalysis
(TGA) equipment. Afterwards, théH-NMR spectra of the
samples were measured if no mass loss was obseirvaudt;reg
quantitative analysis (Supporting Information, FiguS4).

influence the thermal dimer dissociation in a digant way.
However, the thermal dissociation of the short di(®r greatly
differs from that of the longen(),. Indeed, dimerl(), shows a
gradual dissociation occurring over a large tenipeearange
(110 - 160 °C), while9), remains stable up to 150 °C and is
completely dissociated after 10 minutes at 180If&hould also
be noted that9),, unlike (L0),, becomes liquid around 182 °C
and differential scanning calorimetry shows an enelohic peak
at 193 °C immediately followed by an exothermic sigdue to
scission of the dimer. Either some dissociationuoes first,
forming liquid monomer which dissolves the remaindigper, or
true melting occurs followed by fast dissociationaasesult of
better thermal contact or lower stability as a luThis is in
contrast with 10),, which is liquid at 115 °C, before a significant
amount of dissociation occurs.

100 SRR N e St
; e (3),
80 ‘.-Zi.‘_T ),
> o f ; (10),
g 6o 1 e (14),
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E 400 (19),
. e (20),
20 | B
0 R TR G S U Sy S YU
100 120 140 160 180 200 220

Temperature (°C)

Figure 3. Thermal dissociation of anthracene dimers in ladtr 10
minutes, measured Bi-NMR.



To eliminate the possibly stabilizing effect of stllinity, the
thermal dissociation was also studied in a highitgikolvent
solution (tributyrin). The anthracenes generatednugcission
were detected by fluorescence spectroscopy of thetedi
samples in dichloromethane. As an overnight readgals to
full scission at the measured temperatures, coioreyswere
normalized to the last (overnight) sample. The catestants (k)
of (3)2, (9),, (10),, (14),, (18), and (9), were calculated from the
slopes of In([gD) versus time, in which D is the calculated and
Dy is the original dimer concentration. The In k \eduat
different temperatures are depicted in the Arrherplst in
Figure 4. The reaction rates found fd),(and (0), were
identical, confirming that their difference in butkermal stability
can be ascribed t®), being crystalline and1Q), being liquid
upon scission.

Ink

-10
0.0022

0.0023

0.0024  0.0025
1/T (1/K)

Figure4. Arrhenius plot for the thermal dissociation 8f( (9), (10)z,
(14)., (18), and (9); in tributyrin.

0.0026  0.0027

From the slopes in the Arrhenius plot (Figure 4@, dlativation
energies Efor thermal dissociation were calculated, along with
the corresponding pre-exponential factor A (TableARtivation
energies ranged between ~78 and 176 kJ/mol. Howeker, t
variation in InA is very high (15.5 to 39.7), which wwesumed
would be similar for all derivatives as A depends ihe
frequency of collision and the proper orientatidrihe molecules
upon collision. Therefore, and as the uncertaint®s the
measurements are relatively high, the activatioergias should
be interpreted with care.

Table 3. Activation energies Fand InA-values of thermal
scission of anthracene dimers.

9-substituent E(kJ/mol) InA
3)2 -CH,OCOR 176+8 39.7£2.2
(9)2 -CH:R 87.7+9.0 18.7£2.6
(10), -CH.R 77.8+7.6 15.9+2.2
(14), -COOR 98.7+5.1 20.8£1.5
(18), -OCHR 92.0+£9.5 21.1+£3.1
(29), -OCOR 82.6+8.3 15.5+2.4

Using the Arrhenius parameterg &d A from the thermal
scission in solution, the results from the bulkssimn were
simulated and are shown in Figure 5. The calcul#tedretical
bulk conversions showed good similarity to the dctua
experimental bulk dissociation. The only exceptisrfor (9),,
which is the only derivate having its melting pogthove the
dissociation temperature (as determined using D$giirés S5
to S10, Supporting Information). It can therefoeedssumed that
the thermal dissociation of anthracenes is notu@rfted by
concentration, as long as there is no crystaltraticcurring.

100

f [ [ -
L [N, LR
“m, . e (3
80 - " ™ L) =9
s | ©),
2 60F by (10),
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a 5 (19),
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Figure5. Bulk thermal dissociation simulation with calcedtratios using
the experimentally determined Arrhenius parameters.

3. Conclusion

A range of novel 9-substituted functional anthracene
compounds, with direct applications in polymer sceenas
reversible bonds or crosslinks, was successfullyhggized in
several reaction steps from inexpensive, readilailable
precursors. Synthesis of derivatives with differenbstituents
(methylene, ether, carbonyl, ester, amide) at thgodition
resulted in a variation in absorption and thus dination
wavelengths. The (modest) increase Aip., after substitution
ranged from 6 to 13 nm. Additionally, the absorptwevelength
varies several nanometers when changing the polafitthe
surrounding media. While the influence of the tgpeubstituent
on the dimerization kinetics is modest, the therdiakociation
rates of the dimers in bulk and solution changgdifcantly. By
different substitution at the 9-position only, timal dissociation
temperatures could be varied up to 70°C. This diffee in
thermal stability of anthracene dimers enablesdineelopment
of polymer materials having reversible bonds, wtach formed
by UVA irradiation, and break at a tunable tempemtrhis
research will be presented in a forthcoming paper.

4, Experimental section
4.1. Materials and instruments

All chemicals were purchased from either Sigma-AldritGI
Europe or Acros Organics and were used as such. IRrape
were recorded with a Perkin EImer FTIR SPECTRUM 10080 a
a PIKE Miracle ATR unit. NMR spectra were recordedhwét
Bruker AVANCE 300 (300 MHz), Bruker Avance-IIl (400 MHz
or Bruker DRX500 (500 MHz) NMR spectrometers. LC-MS
analyses were performed on an Agilent Technologi@® Eeries
LC/MSD system with a diode array detector (DAD) andjlgin
quad MS. Analytical reversed phase HPLC-analyses were
performed with a Phenomenex Luna C18 (2) columpni5 250
mm x 46 mm) and a solvent gradient (75 - 100% acetoaitril
H,O in 15 minutes), the eluted compounds were analyizedV
detection (214 nm). A Mettler-Toledo TGA/SDTA 851e unde
nitrogen atmosphere was used as an oven for thendher
dissociation of bulk dimers. The uncertainties lo& tesults were
calculated as the differences between both resiNgled by
2V2.UV dimerization occurred under inert atmosphereain
Metalight Classic from Primotec, with 12 double 36& UV
lamps of 9 W each (intensity measured in the migdienW cm
%). Higher intensity irradiation occurred in a TA tnsnents
Q9000 DSC apparatus, equipped with a PCA Novacure 2100
EXFO. The irradiation source was a 100W mercury laamul a
300-500 nm bandpass filter was used. UV-vis absarptias
measured with a Specord 200 from AnalitykJena frot 2@ to
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600 nm with a speed of 5 ni,sa slit of 2 nm andA= 0.1 nm.
Melting points were determined using the IA9000 meltpoint
apparatus from Electrothermal at a heating ratel 6fC/min.
Differential scanning calorimetry (DSC) was performesing a
DSC1/700 Mettler-Toledo apparatus. The used heatiteywas
10 K/min and all measurements were done under wmitrdlpw.
For fluorescence analysis,
Specrophotometer from Agilent with a Xenon flash lamgas
used. Excitation occurred at the absorption peakimmea (in
choroform and acetonitrile) or at 372 nm (in etHaramd the

mL, 0.11 mol, 1 eq). The reaction mixture was heateceflux
for one hour until the magnesium flakes had disapge To the
grignard reagent (0.11 mol, 1.2 eq) a solution mhealdehyde
(19 g, 0.092 mol, 1 eq) in dry diethyl ether (50)mtas added
until the reaction stopped. The reaction mixture washed with
a saturated ammonium chloride solution (50 mL)erafthich it

a Cary Eclipse Fluorese was extracted with ether. The collected organic phasge dried

with sodium sulfate and concentratedvacuo. Purification by
chromatography over silica (eluent: chloroform) weguired to
obtain the pure 1-(anthracene-9-yl)dodec-11-en-18olas a

fluorescence spectrum was measured between 380 nr60énd yellow oil (11.3 g, 31 mmol, 34%); (RCHCL) 0.5; 'H-NMR

nm with a 2.5 nm slit and a scan rate of 600 nm™niline

(300 MHz, CDCJ): § (ppm) = 1.22-1.76 (m, 14H, GBH,CH,),

concentration of the samples were chosen to ensure 154-1.73 (m, 2H, CKCH,CH,), 2.03 (q, J=7.3 Hz, 2H,

transmission of 95 to 99% at the emission wavelengthO-

CH,CH,CH), 4.90-5.04 (m, 2H, CHCH 5.75-5.87 (m, 1H,

Diphenylanthracene in ethand)(= 0.95) was used as standard CH,CHCH,), 6.27 (dd,J=8.3 Hz, J=6.1 Hz, 1H, CHCHOH),

in the quantum yield calculations using followingiatjon,

Int 1-10"% 7?
Flint, 1-10* n?
where ‘Int” is the integrated area under the fluorescenceeguk
the absorptiony the refractive index of the medium arddthe
fluorescence quantum yield. Subscript “R” is useeémieferring
to the standard. The uncertainties on the actimatioergies and
pre-exponential factors were determined using EXCEINEST
function.

4.2. Anthracen-9-ylmethyl-undec-10-enoate (3)

A solution of 32.3 g 9-anthracene methanol (0.155oinrh
eq) in dry pyridine (300 mL) under inert atmosphesaes cooled
in an ice bath, while adding 50 mL of distilled undeoyl
chloride (0.23 mmol, 1.5 eq). After a night of stig at room
temperature, the reaction mixture was washed with wWaeo
mL) and brine (100 mL). The combined aqueous phasze
extracted with diethyl ether (3 x 50 mL). The condadrorganic
phases were dried over magnesium sulfate and coateshin
vacuo. Chromatography over silica, eluting with a gradiisam
heptane to chloroform, resulted in anthracen-9-tthyleundec-

7.43-7.52 (m, 4H, CHCHCHCH), 7.97-8.04 (m, 2H, CCHCH),
8.38 (s, 1H, CCHC), 8.53-8.83 (m, 2H, CCCHCH):MR, cm
2924, 2852, 1722, 1454, 1382, 1344, 1292, 11564;106-MS
(m/z) 343.2 [M-OH[; HRMS (m/z for [M-OH]): calcd.:
343.2426; found: 343.2427

4.4, 9-(But-3-en-1-yl)anthracene (9)

9-Anthraldehyde (10.8 g, 52.4 mmol, 1 eq) was dissblwn
dry tetrahydrofuran (60 mL), put under inert atnfoese and
cooled with an ice bath. Allylmagnesium chloride $iolu was
slowly added (26.4 mL, 2 M in THF, 52.8 mmol, 1.0f).eThe
reaction mixture stirred at room temperature fore omour.
Ammonium chloride was added and the reaction mixwas
dried using sodium sulfate. The crude 1-(anthré&gi)but-3-
en-1-0l7 was obtained after concentratiorvacuo.

The crude 1-(anthracen-9-yl)but-3-en-1-ol (13 g,na@ol, 1
eq), was dissolved in dichloromethane (60 mL). Te gblution,
triethylsilane (9.75 mL, 61 mmol, 1.15 eq) was addé&te
reaction mixture was cooled with an ice bath andutibacetic
acid (6.5 mL, 83 mmol, 1.6 eq) was added. The readtiixture
was stirred overnight at room temperature and cdretexd in
vacuo. The crude product was purified using chromatogyaph

10-enoate3 as a yellow solid (41.9 g, 71 %); Mp = 49-50.5 °C; over silica (gradient: heptane; heptane:chlorof8r@) to give9

Rr (25% CHClhexane) 0.42!H-NMR (400 MHz, CDC)): 6
(ppm) = 1.15-1.40 (m, 10H, GBH,CH,), 1.62 (quinJ=7.2 Hz,
2H, COCHCH,), 2.02 (q,J=7.3 Hz, 2H, CHCHCH,), 2.34 (t,
J=7.5 Hz, 2H, COCHCH,), 4.90-5.03 (m, 2H, C}CHCH,),
5.73-5.88 (m, 1H, CKCHCH,), 6.17 (s, 2H, CCHD), 7.47-7.54
(m, 2H, CHCCCHCHCH), 7.56-7.61 (m,

2H,

as a yellow solid. Mp = 67-68 °C;.RCHCE) 0.62;'H-NMR
(500 MHz, CDC}): J (ppm) = 2.55-2.61 (m, 2H, CGBH,CH),
3.70-3.75 (m, 2H, CC}CH,CH), 5.10 (ddJ=10.1 Hz,J=1.6 Hz,
1H, CHCHCH,), 5.22 (dq, J= 17.1 Hz, J=1.7 Hz, 1H,
CH,CHCH,), 6.08 (ddt,J=17 Hz, J=10.3 Hz,J=6.6 Hz, 1H,
CH,CHCH,), 7.47-7.50 (m, 2H, CK¥LCCHCH), 7.50-7.55 (m,

CH,CCCHCHCH), 8.05 (dJ=8.4 Hz, 2H, CHCCHCH), 8.35 2H CH,CCCHCHCH), 8.02 (dJ=8.2 Hz, 2H, CHCCHCH),
(dd, J=8.9 Hz,J=0.8 Hz, 2H, CCCHCH), 8.52 (s, 1H, CCHC); 827 (d,J=8.7 Hz, 2H, CHCCCHCH), 8.36 (s, 1H, CCHCjc-

C-NMR (100 MHz, CDCJ): 6 (ppm) = 25.0 (CH), 28.9 (CH),
29.0 (CH), 29.1 (CH), 29.2 (CH), 29.3 (CH), 33.8 (CH), 34.3

NMR (125 MHz, CDCJ): § (ppm) = 27.4 (CH), 35.1 (CH),
115.0 (CH), 124.4 (CH), 124.8 (CH), 125.5 (CH), 125.8 (CH),

(CHy), 58. 7 (CH), 114.1 (CH), 124.0 (CH), 125.1 (CH), 126.4 129.2 (CH), 129. 6 (C), 131.7 (C), 134.2 (C), 138CH);

(C), 126.6 (CH), 129.1 (CH), 131.1 (C), 131.4 (C)9.23(CH),

IR VinaxCMi % 3054, 2896, 1622, 1436, 1350, 1318, 1242, 1154,

174.2 (C); IRvpaCM = 2922, 2848, 1726, 1386, 1318, 1278, 1006; GC-MS (m/z) 232 [M]

1244, 1210, 1158, 1060; LC-MS (m/z) 191.1,44;,]"; GC-MS
(m/z) 191.1 [GH.q]", 374.2 [M]; HRMS (m/z for [MHI):
calcd.: 375.232; found: 375.23dnly traces of the molecular ion
were found in LC-MS and HRMS, probably due to very efficient
fragmentation forming [CisHy] ", In GC-MS both the molecular
ion and fragment product were found. (Supporting Information,
Figures S11 and S12)

4.3. 1-(Anthracene-9-yl)dodec-11-en-1-ol (8)

In a 250 mL flask under inert atmosphere, bromB& (L,
0.064 mol, 0.6 eq) was added to magnesium flakesd50.22
mol, 2 eq). The mixture was heated to reflux fom3@utes, after
which the flask was cooled in an ice bath. Dry diettyler (25
mL) was quickly added, followed by 11-bromo-undeefie (25

4.5. 9-(Dodec-11-en-1-yl)anthracene (10)

Crude8 (9.24 g, 75% pure, 19.2 mmol, 1 eq) was dissolwed i
30 mL dichloromethane. To the solution, triethysié (4.75 mL,
29.4 mmol, 1.5 eq) was added. The reaction mixture eualed
in an ice bath and trifluoroacetic acid (3.2 mL,mgol, 2.2 eq)
was slowly added. The reaction mixture was stirredroght at
room temperature and concentraied/acuo. The crude product
was purified using chromatography over silica (etuen
dichloromethane:hexane). 4.64 g put®@ was obtained as a
yellow oil (53%)."H-NMR (500 MHz, CDC)): § (ppm) = 1.27-
1.47 (12H, CHCH,CH,), 1.6 (quin,J=15.2 Hz,J=7.4 Hz, 2H,
CH,CH,CH,), 1.83 (quin, J=15.8 Hz, J=7.9 Hz, 2H,
CCH,CH,CH,), 2.06 (q,J=7.9 Hz, 2H, CHCH,CH), 3.61 (t,



J=8.2 Hz, 2H, CChCH,), 4.95 (ddtJ=10.2 Hz,J=2.2 Hz,J=1.1
Hz, 1H, CHCHCH,), 5.02 (dq,J=17.1 Hz, J=1.8 Hz, 1H,
CH,CHCH,), 5.84 (ddt,J=17 Hz, J=10.2 Hz, J=6.7 Hz, 1H,
CH,CHCH,), 7.45-7.54 (m, 4H, CCHCHCHCHC), 8.02 (d,
J=7.8 Hz, 2H, CHCCHCH), 8.28 (d,J=8.9 Hz, 2H,
CH,CCCHCH), 8.34 (s, 1H, CCHCYC-NMR (125 MHz,
CDCl): 6 (ppm) = 28.1 (CH), 29.0 (CH), 29.2 (CH), 29.5
(CH,), 29.6 (CH), 29. 7 (CH), 30.4 (CH), 31.4 (CH), 33.8
(CH,), 114.1 (CH), 124.5 (CH), 124.8 (CH), 125.3 (CH), 125.5
(CH), 129.2 (CH), 129.5 (C), 131.7 (C), 135.5 (C)9.B3(CH);
IR VimaxCm = 2920, 2850; GC-MS (m/z) 191 [1,4]", 344 [M]

4.6. 1-(Anthracen-9-yl)dodec-11-en-1-one (11)

Oxalylchloride (0.30 mL, 3 mmol, 1.1 eq) in dry
dichloromethane (5 mL) in a 50 mL flask, was codied78°C,
after which a solution of dimethylsulfoxide (0.50 .1 mmol,
2.2 eq) in dry dichloromethane (5 mL) was added. rAfe
minutes of stirring, a solution of 1-(anthracengh@odec-11-en-
1-0l 8 (1.0 g, 2.8 mmol, 1 eq) in dry dichloromethane (@dD)
was added dropwise over 5 minutes. The reaction neixitas
stirred for 15 minutes, and an excess of triethyire (2 mL)
was added. The mixture was stirred for another 5 tegnand
was warmed up to room temperature. Water (50 mL) wdsdy
and the mixture was extracted with dichlorometharre %8 mL).
The combined organic phases were washed respectivighy
brine (20 mL), water (20 mL), 5% bicarbonate solut{@0 mL)
and water (20 mL). The combined organic phases weéee dn
magnesium sulphate and concentratexhcuo to a red oil (5.8 g,
2.8 mmol, >99%)*H-NMR (500 MHz, CDCJ): § (ppm) = 1.17-
1.70 (m, 12H, CHECH,CH,), 1.89 (quin, J=7.5 Hz, 2H,
CH,CH,CO), 2.04 (qJ=6.8 Hz, 2H, CHCHCH,), 3.07 (t,J=7.5
Hz, 2H, CHCO), 4.92-4.96 (m, 1H, CHCH 4.97-5.04 (m, 1H,
CHCH,), 5.82 (ddtJ=17 Hz,J=10.3 Hz,J=6.7 Hz, 1H, CHCH),
7.47-7.54 (m, 4H, CHCHCHCH), 7.77-7.83 (m, 2H,
CHCHCHCH), 8.02-8.06 (m, 2H, CCCHCH), 8.49 (s, 1H,
CCHC); ®C-NMR (125 MHz, CDC)): 6 (ppm) = 23.9 (CH),
29.0 (CH), 29.1 (CH), 29.3 (CH), 29.5 (CH), 33.8 (CH), 46.5
(CHy), 114.2 (CH), 124.4 (CH), 125.5, (CH), 126.7 (CH), 127.0
(C), 127.2 (CH), 128.1 (CH), 128.8 (CH), 131.1 (C)413
(CH), 136.9 (C), 139.2 (CH), 210.6 (C); WR.cm : 2924,
2852, 1696, 1444, 1160;LC-MS (m/z) 359.2 [MHIRMS (m/z
for [MH]"): calcd.: 359.2371; found: 359.2363

4.7. Undec-10-en-1-yl anthracene-9-carboxylate (14)

9-Anthracenecarboxylic acid (1.50 g, 6.75 mmol, ] wgs
dissolved in thionyl chloride (20 mL). A drop of
dimethylformamide was added and the solution wasedesd
reflux for 2 hours according to literatufeThe excess thionyl
chloride was removed from3 in vacuo after cooling to room
temperature.

Dry dichloromethane (20 mL) and 10-undecen-1-ol (b5
7.5 mmol, 1.1 eq) were added® and the reaction mixture was
stirred for 1 hour in an ice bath. The ice bath e removed
and the reaction mixture was stirred overnight abnro
temperature. Potassium carbonate (1.00 g, 17.5 minbleq)
was added and the reaction was stirred for anotteugs. The
solution was filtered over a silica plug and concatedin vacuo.
After column chromatography over silica (eluent:acbform),
the pure undec-10-en-1-yl anthracene-9-carboxylide was
acquired as a yellow oil (1.13 g, 3.02 mmol, 45 %&){CHCL)
0.66;"H-NMR (500 MHz, CDCJ): 5 (ppm) = 1.24-1.44 (m, 10H,
CH2CH2CH2), 1.50 (quin,J:7.8 HZ, 2H, oclﬁCHzcﬂz), 1.89
(quin, J=7.5 Hz, 2H, OCHKCH,), 2.04 (q, J=6.9 Hz, 2H,
CH,CHCH,), 4.63 (t,J=6.8 Hz, 2H, OCHCH,), 4.94 (dt,J=10.2
Hz, J=1 Hz, 1H, CHCHCH,), 5.00 (dqg,J=17.1 Hz,J=1.7 Hz,

7
1H, CH,CHCH,), 5.84 (ddtJ=17 Hz,J=10.3 Hz,J=6.7 Hz, 1H,
CH,CHCH,), 7.48-7.52 (m, 2H, CHCHCH), 7.53-7.57 (m, 2H,
CHCHCH), 8.05 (t, J=9.9 Hz, 4H, CCCHCH), 8.54 (s, 1H,
CCHC); ®C-NMR (125 MHz, CDC)): 5 (ppm) = 26.1 (CH),
28.8 (CH), 28.9 (CH), 29.1 (CH), 29.2 (CH), 29.4 (CH), 29.5
(CH,), 33.8 (CH), 66.0 (CH), 114.2 (CH), 125.1 (CH), 125.5
(CH), 126.9 (CH), 128.2 (C), 128.4 (C), 128.6 (CH)9.22(CH),
131.0 (C), 139.3 (CH), 169.8 (C); Raucm™ 2922, 2850,
1718, 1446, 1288, 1200; LC-MS (m/z) 375.3 [MHIRMS (m/z
for [MH] ") calcd.: 375.2324; found: 375.2335

4.8. N-Butylanthracene-9-carboxamide (15)

9-Anthracenecarboxylic acid (1.50 g, 6.75 mmol, ] wgs
dissolved in thionyl chloride (20 mL). A drop of
dimethylformamide was added and the solution wasedesd
reflux for 2 hours according to literatufeThe excess thionyl
chloride was removed fror3 in vacuo after cooling to room
temperature.

Dry dichloromethane (30 mL) and butyl amine (1.081.4.,9
mmol, 2.2 eq) are added Tcand the reaction mixture was stirred
for 1 hour in an ice bath. The reaction mixture wees stirred at
room temperature for 3 days. The reaction mixturasw
concentrated in vacuo. The product was purified by
chromatography over silica (eluent: chloroform witt6
methanol), giving produd5 (0.97 g, 3.5 mmol, 52%) as a white
solid; Mp > 250°C (solid became dark brown, signifying
decomposition before melting); 'H-NMR (500 MHz, CDCJ): §
(ppm) = 1.03 (t,J=7.3 Hz, 3H, CH), 1.51 (sxt,J=7.5, 2H,
CH,CH,), 1.74 (quin,J=7.5 Hz, 2H, CHCH,CH,), 3.72 (td,
J=7.2 Hz,J=6 Hz, 2H, NHCH), 6.03 (1H, CONHCH), 7.47-
7.57 (m, 4H, CCHCH), 8.02 (d=8.4 Hz, 2H, CCHCH), 8.09 (d,
J=8.2 Hz, 2H, CCHCH), 8.49 (s, 1H, CCHCJC-NMR (125
MHz, CDCk): & (ppm) = 13.8 (CH), 20.3 (CH), 31.8 (CH),
40.0 (CH), 125.1 (CH), 125.5 (CH), 126.7 (CH), 128.0 (C),
128.2 (CH), 128.5 (CH), 131.1 (C), 132.2 (C), 169G);(
IR VmaxCM - 3212, 3044, 2954, 2930, 2872, 2368, 2160, 2024,
1978, 1612, 1568, 1470, 1376, 1292, 1254, 12266,11680,
1012; LC-MS (m/z) 278.2 [MH]} HRMS (m/z for [MHT) calcd.:
278.1545; found: 278.1552

4.9. 6-(Anthracen-9-yloxy) hexan-1-ol (17)

In a 500 mL flask equipped with a Dean-Stark water
separator, 10.0 g anthrone (51.5 mmol, 1 eq) wasoldisd in
250 mL toluene. 1,6-hexanediol (60.3 g, 515 mm@led) and 2
mL sulfuric acid £ 95 %) were added and the solution was
heated to reflux. The reaction mixture was stirredroight and
the reaction was monitored by thin layer chromatplgya After
cooling, the precipitated excess 1,6-hexanediol rgasved by
filtration and the filtrate was washed with a satedatqueous
sodium bicarbonate solution (300 mL) and water (8Q0. The
combined aqueous phases were extracted with diethgt,ehe
combined organic phases were dried over magnesitfatesand
concentratedin vacuo. To obtain pure 6-(anthracen-9-yloxy)
hexan-1-0l17 (8.2 g, 54 %) as a yellow-orange oil, the dried
mixture was purified via chromatography on silicduéat:
dichloromethane/hexane);  RCH,Cl,/hexane) 0.16;'H-NMR
(400 MHz, CDC)): 3 (ppm) = 1.50-1.60 (m, 2H, GBH,CH,),
1.65-1.77 (m, 4H, CKCH,CH,), 2.08 (quin,J=7.5 Hz, 2H,
CH,CH,0), 3.65 (t,J=6.5 Hz, 2H, CHOH), 4.14 (t,J=6.7 Hz,
2H, AnthrOCH), 7.46-7.53 (m, 4H, CHCHCHCH), 7.98-8.02
(m, 2H, CHCCHCH), 8.12 (s, 1H, CCHC), 8.28-8.32 (m, 2H,
CCCHCH);**C-NMR (100 MHz, CDC)): & (ppm) = 25.8 (CH),
26.1 (CH), 30.7 (CH), 32.8 (CH), 63.0 (CH), 76.0 (CH),
122.0 (CH), 122.4 (CH), 124.8 (C), 125.1 (CH), 1253H]),
128.5 (CH), 132.5 (C), 151.5 (C); MRa.ccm : 3315, 2934,
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2854, 1676, 1590, 1442, 1416, 1338, 1282, 11704,10808;
LC-MS (m/z): 295.1 [MH]; HRMS (m/z for [MHT): calcd.:
295.1693; found: 295.1691

4.10. 12-(Anthracen-9-yloxy) dodecan-1-ol (18)

In a 2 L flask equipped with a Dean-Stark water sdpara
12.0 g anthrone (61.7 mmol, 1 eq) was dissolved lintdluene.
1,12-dodecanediol (125 g, 617 mmol, 10 eq) and.Sulfuric
acid & 95 %) were added and the solution was heated taxrefl
The reaction mixture was stirred overnight and #ection was
monitored by thin layer chromatography. After coglinthe
precipitated excess of 1,12-dodecanediol was remobgd
filtration and the filtrate was washed with a satutasgueous
sodium bicarbonate solution (300 mL) and water (8Q0. The
combined aqueous phases were extracted with dietihgt,ethe
combined organic phases were dried over magnesilfatesand
concentratedn vacuo. To obtain purified 12-(anthracen-9-yloxy)
dodecan-1-ol18 (17.7 g, 753 %) as a yellow-orange oil, the
dried mixture was purified via chromatography oricail(eluent:
CH,Cl,); R; (CH,Cl,) 0.13;'H-NMR (400 MHz, CDC)): & (ppm)
1.26-1.51 (m, 14H, Ci€H,CH,), 1.54-1.62 (m, 2H,
CH,CH,CH,), 1.68 (quin,J=7.5 Hz, 2H, CHCH,CH,), 2.07
(quin, J=7.4 Hz, 2H, CHCH,OH), 3.65 (t, J=6.7 Hz, 2H,
CH,OH), 4.21 (t, J=6.7 Hz, 2H, AnthrOGH 7.45-7.52 (m, 4H,
CHCHCHCH), 7.98-8.03 (m, 2H, CHCCHCH), 8.22 (s, 1H,
CCHC), 8.29-8.34 (m, 2H, CCCHCHJ’C-NMR (100 MHz,
CDCly): 8 (ppm) = 25.8 (CH), 26.3 (CH), 29.5 (CH), 29.6
(CHy), 29.7 (CH), 30.7 (CH), 32.8 (CH), 63.1 (CH), 76.2
(CHy), 122.0 (CH), 122.5 (CH), 124.8 (C), 125.0 (CH), 525.
(CH), 128.4 (CH), 132.5 (C), 151.6 (C); LC-MS (m/Zj9320
[MH]". HRMS (m/z for [MH]) calcd.: 379.2633; found:
379.2633

4.11. Anthracen-9-yl undec-10-enoate (19)

1.0 g of anthrone (3.4 mmol, 1 eq) was dissolve@dnmL
toluene and 0.86 mL of triethyl amine (4.1 mmoR &q). The
solution was heated to reflux for one hour. Afterlo@pto room
temperature, 0.87 mL undecenoyl chloride was addgdnomol,
1.2 eq) and the reaction was heated to reflux forhaars. The
solvent was removedn vacuo, and the crude product was
purified by column chromatography (eluent: CHfiéxane) to a
light yellow oil that crystalized to a white powddr.§2 g, 2.85
mmol, 84%). Mp = 58-60 °C'H-NMR (500 MHz, CDCJ)): 5
(ppm) = 1.24-1.49 (m, 10H, GBH,CH,), 1.59 (quinJ=7.4 Hz,
2H, CH,CH,CHj), 2.00 (quin,J=7.6 Hz, 2H, COCKCH,), 2.09
(q, J=7.2 Hz, 2H, CHCHCH,), 2.95 (t, J=7.6 Hz, 2H,
COCHCH,), 4.96 (ddt,J=10.1 Hz,J=2.1 Hz,J=1.2 Hz, 1H,
CH,CHCH,), 5.03 (dq,J=17.1 Hz,J=1.8 Hz, 1H, CHCHCH,),
5.85 (ddtJ=17 Hz,J=10.3 Hz,J=6.7 Hz, 1H, CHCHCH,), 7.47-
7.54 (m, 4H, CCHCH) 7.94 (d=8.2 Hz, 2H, CHCCHCH), 8.03
(d, J=8.1 Hz, 2H, CCCHCH), 8.38 (s, 1H, CCHCJC-NMR
(125 MHz, CDC)): 6 (ppm) = 25.3 (CH), 28.9 (CH), 29.1
(CHy), 29.3 (CH), 29.4 (CH), 29.4 (CH) 33.8 (CH), 34.3
(CHy), 114.2 (CH), 121.4 (CH), 124.0 (C), 124.7 (CH), 125.6
(CH), 126.2 (CH), 128.5 (CH), 131.9 (C), 139.2 (CH)214(C),
172.4 (C); IRvpaxCmM 5 3326, 2926, 2854, 1454, 1338, 1292,
1254, 1226, 1164, 1118, 1052; LC-MS (m/z) 378.3NM]".
HRMS (m/z for [MNH]"): calcd.: 378.2433; found: 378.2428

4.12. 5,12:6,11-Big([ 1,2] benzeno)dibenzo[ a,€] [ 8] annul ene-
5,11(6H,12H)-diylbis(methylene) bis(11-((2-hydroxyethyl) thio)
undecanoate) ((20),)

A dimer of anthracen-9-ylmethyl undec-10-eno&@p (3.41
g, 45 mmol, 1 eq) was dissolved in a minimal amoaht
tetrahydrofuran (15 mL). 3.14 mL mercaptoethanal (@mol, 5
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eq) and 229 mg DMPA (0.9 mmol, 0.1 eq) was added. The
mixture was irradiatedi(= 365 nm) for 1 h under nitrogen gas
atmosphere and the reaction was monitored with TLBe T
reaction mixture was washed with water (10 mL), afteictvithe
aqueous phases were extracted with diethyl ether 18 mL).
The combined organic phases were dried over magnesiifate
and the filtrate was concentratéu vacuo. Recrystallization in
THF/water was required to obtai20), as a white solid (3.2 g, 79
%); Mp = 121-125 °C; R(CHCL) 0.1; *H-NMR (400 MHz,
CDCl): 8 (ppm) = 1.13-1.62 (m, 28H, GBH,CH,), 1.71-2.04
(m, 4H, CHCH,CH,), 2.13-2.26 (m, 3H, COCiEH,), 2.51 (i,
J=7.3 Hz, 4H, CHCH,S), 2.73 (tJ=5.9 Hz, 4H, SCKCH,0H),
3.72 (t,J=5.9 Hz, 4H, SCKCH,0H), 3.71+4.4 (s, 2H, CCHC),
5.12-528 (m, 4H, CCH), 6.81-7.14 (m, 16H,
CCHCHCHCHC);"*C-NMR (100 MHz, CDCJ): & (ppm) = 24.9
(CH,), 25.1 (CH), 28.1 (CH), 29.0 (CH), 29.1 (CH), 29.3
(CHy), 29.4 (CH), 29.7 (CH), 31.6 (CH), 34.2 (CH), 35.4
(CHy), 55.1 (CH), 59.0 (CH), 60.2 (C), 63.5 (GH 68.9 (CH),
124.7 (CH), 125.8 (CH), 127.7 (CH), 128.0 (CH), 142Q), (
174.5 (C); IRvpaxCM = 3518, 2922, 2852, 2160, 2028, 1978,
1722, 1454, 1384, 1342, 1246, 1210, 1168, 10608;100-MS
(m/z) 887.4 [M-OH], 922.4 [MNH]"; HRMS (m/z for
[M+0OAC]") calcd.: 963.4903; found: 963.4907

4.13. 5,12:6,11-Bis([ 1,2] benzeno)dibenzo[ a,€] [ 8] annulene-5,11
(6H,12H) - diylbis(methylene) bis(11-((2,3 -dihydroxypropyl)
thio) undecanoate ((21),)

A dimer of anthracen-9-ylmethyl undec-10-eno&@p (7.25
g, 9.5 mmol, 1 eq) was dissolved in a minimal amoaht
tetrahydrofuran (20 mL). 8.2 mL thioglycerol (95 min5 eq)
and 487 mg DMPA (0.9 mmol, 0.1 eq) was added. Theumxt
was irradiated =365 nm) for 1 h under nitrogen gas atmosphere
and the reaction was monitored with TLC. The reactioxture
was washed with water (10 mL), after which the aquehase
was extracted with diethyl ether (3 x 10 mL). The bored
organic phases were dried over magnesium sulfat¢henfiltrate
was concentratecth vacuo. Recrystallization in THF/water was
required to obtain2l1), as a white solid (7.88 g, 83 %); Mp =
129.5 — 134.5 °C; RCHCL) 0; 'H-NMR (400 MHz, CDC)): 5
(ppm) = 1.13-1.95 (m, 32H, GBH.,CH,), 2.18 (m, 3H,
CH,CH,CO(t)), 2.53-2.89 (m, 9H, C}$CH,+CH,CH,CO(hh)),
3.57-3.83 (m, 7.5H, CHC}®H+ CCHCHt)), 4.48 (s, 0.5H,
CCHChh), 5.12-5.27 (m, 4H, CCj®), 6.81-7.12 (m, 16H,
CCHCHCHCHC);**C-NMR (100 MHz, CDCJ): & (ppm) = 24.9
(CH,), 28.8 (CH), 29.0 (CH), 29.1 (CH), 29.3 (CH), 29.7
(CH,), 32.3 (CH), 34.2 (CH), 35.9 (CH), 55.1 (CH), 59.0
(CH), 63.5 (CH), 65.5 (CH), 69.7 (CH), 124.7 (CH), 125.8
(CH), 127.7 (CH), 128.0 (CH), 142.1 (C), 1745 (C);
IR VimaxCM : 3378, 2924, 2852, 1726, 1454, 1384, 1344, 1172,
1068, 1026; LC-MS (m/z) 947.4 [M-OH] 982.4 [MNH]".
HRMS (m/z for [M-H]) calcd.: 963.4903; found: 963.4890;
HRMS (m/z for [M-OHT) calcd.: 947.495424; found: 947.4955

4.14. General dimerization method

Anthracene derivatives are dissolved in a minimabam of
hexane and/or THF. The solution is irradiated usL lamps
for several hours under inert atmosphere. Dimers wseparated
from the mixture, either by filtration and recryization or
column chromatography. All were white to slightly ysil
powders. Determined melting points of dimers areeeitly true
melting or liquefaction due to thermal dissociatiqgrossibly
followed by dimers dissolving in formed monomers.

4.15. (3), (head-head (hh) and head-tail (ht) dimer)



Mp = 154.5-157.5 °C*H-NMR (400 MHz, CDCJ): & (ppm)
0.12-1.64 (m, 23H, C}H,CH,, 1.87-1.95 (m, 1H,
CH,CH,CO, hh), 1.98-2.09 (m, 4H, CKCHCH,), 2.15-2.25 (m,
3H, CHCO, ht), 2.74 (tJ=7 Hz, 1H, CHCO, hh), 3.78 (s, 1.5H,
CCHC, ht), 4.48 (s, 0.5H, CCHChh), 4.90-5.04 (m, 4H,
CH,CHCH,), 5.12-5.27 (m, 4H, CC}®), 5.74-5.87 (m, 2H,
CH,CHCH,), 6.81-7.15 (m, 16H, CCHCHCHCHC}’C-NMR
(100 MHz, CDCY): & (ppm) = 24.9 (Ch), 28.9 (CH), 29.0
(CH,), 29.0 (CH), 29.1 (CH), 29.2 (CH), 29.4 (CH), 33.8
(CH,), 34.3 (CH), 59.0 (CH), 63.4 (CH), 68.9 (CH), 114.2
(CH,), 124.7 (CH), 125.8 (CH), 127.7 (CH), 128.0 (CH), 239
(CH), 142.1 (C), 143.9 (C), 174.5 (C); WRaCM = 2926, 2852,
1724, 1640, 1454, 1382, 1344, 1292, 1242, 1176511070

4.16. (9),

Mp = 182-183 °C'H-NMR (500 MHz, CDCJ): 5 (ppm) =
2.13 (q, J=7.3 Hz, 4H, CCHCH,CH), 2.76-2.82 (m, 4H,
CCH,CH,CH), 3.88 (s, 2H, CCHC), 5.10 (d=10.2 Hz, 2H,
CH,CHCH,), 5.15 (d,J=17.1 Hz, 2H, CHLCHCH,), 6.04 (ddt,
J=16.9 Hz,J=10.3 Hz,J=6.5 Hz, 2H, CHCHCH,), 6.79-6.93 (m,
12H, CCHCHCHCHC), 6.99 (d, J=7.5 Hz, 4H, CCHCHG-
NMR (125 MHz, CDCJ): & (ppm) = 29.3 (Ch), 36.2 (CH),
56.5 (C), 64.8 (CH), 114.5 (GH 125.2 (CH), 125.3 (CH),
126.2 (CH), 127.5 (CH), 138.6 (CH), 142.7 (C), 143Q); (

9
CCHC), 6.82-6.90 (m, 8H, CCHCH), 7.00-7.06 (m, 8H,
CCHCH); ®*C-NMR (100 MHz, CDCJ)): 5 (ppm) = 25.8 (CH),
26.0 (CH), 30.5 (CH), 32.8 (CH), 63.0 (CH), 64.0 (CH), 65.0
(CH,), 89.3 (C), 125.1 (CH), 125.6 (CH), 125.8 (CH), 127.6
(CH), 141.0 (C), 142.1 (C); IRmxCM - 3341, 2934, 2858,
1452, 1292, 1254, 1202, 1154, 1118, 1052; HRMS (fofz
[MNH ") calcd.: 606.3583; found: 606.3574

4.20. (18),

Mp = 118-118.5 °CH-NMR (500 MHz, CDC)): 6 (ppm) =
1.24-1.47 (m, 36H), 1.54-1.62 (m, 4H, CO{HH,), 1.85 (quin,
J=7.2 Hz, 4H, CHCH,OH) 3.53 (t,J=7.1 Hz, 4H, COCH), 3.65
(t, J=6.7 Hz, 4H, CHOH), 4.46 (s, 2H, CCHC), 6.82-6.89 (m,
8H, CCHCH), 7.00-7.07 (m, 8H, C_CHCI—f)"C-NMR (125 MHz,
CDCly): 8 (ppm) = 25.3 (CH), 25.8 (CH), 26.2 (CH), 29.5
(CH,), 29.6 (CH), 32.8 (CH), 63.1 (CH), 65.1 (CH), 89.2 (C),
125.1 (CH), 125.8 (CH), 127.5 (CH), 141.0 (C), 1423 §;
IR Vo CM 1 3324, 2920, 2850, 1452, 1290, 1256, 1202, 1154,
1118, 1056; HRMS (m/z for [MH] calcd.: 757.5196; found:
757.5181

4.21. (19),

Mp = 150-151 °C'H-NMR (400 MHz, CDCJ): 5 (ppm) =
1.27-1.62 (20H), 1.78-2.00 (m, 4H, COGEH,), 2.07 (q,J=6.9

IR vmaxcm'l: 3066, 3018, 2930, 2862, 2160, 2032, 1976, 1640HZ, 4H, CHCHCH,), 2.70-2.80 (m, 4H, COCIEH,), 4.57-4.74

1472, 1448, 1122, 1046; GC-MS (m/z) 232 [M/2]
4.17. (10),

Mp = 111.5-114 °C*H-NMR (500 MHz, CDCJ): 5 (ppm) =
1.23-1.43 (m, 28H, C}CH,CH,), 1.47-1.59 (m, 4H, CC}CH,),
2.05 (q,J=7.1 Hz, 4H, CHCHCH,), 2.65 (t,J=7.9 Hz, 4H,
CCH,CH,), 3.84 (s, 2H, CCHC), 4.94 (d}=10.2 Hz, 2H,
CH,CHCH,), 5.00 (d,J=17.1 Hz, 2H, CHLCHCH),), 5.83 (ddt,
J=17.1 Hz,J=10.3 Hz,J=6.7 Hz, 2H, CHCHCH,), 6.77-6.89 (m,
12H, CCHCHCHCHC), 6.96 (dJ=7.5 Hz, 4H, CCHCH)C-
NMR (125 MHz, CDCJ): & (ppm) = 24.9 (Ch), 29.0 (CH),
29.2 (CH), 29.5 (CH), 29.5 (CH), 29.6 (CH), 29.6 (CH), 30.7
(CH,), 33.8 (CH), 37.8 (CH), 56.6 (C), 65.0 (CH), 114.1 (GH
125.1 (CH), 126.2 (CH), 127.4 (CH), 139.3 (CH), 1433), (
143.9 (C); IRVpnaCM s 2924, 2852, 2530, 2478, 2160, 2028,
1978, 1734, 1450, 1364, 1328, 1252, 1166, 1096

4.18. (14),

Mp = 83.5-85 °C;'H-NMR (500 MHz, CDC)): & (ppm) =
1.18-1.39 (m, 20H, C}H,CH,), 1.67 (quin,J=6.7 Hz, 4H,
OCH,CH,), 2.02 (q,J=7.1 Hz, 4H, CHCHCH,), 4.31 (t, 4H,
OCH,CH,) , 4.93 (dt,J=10.1 Hz,J=1.1 Hz, 2H, CHCHCH,),
4.93 (dq,J=17.1 Hz,J=1.8 Hz, 2H, CHCHCH,), 5.74 (s, 2H,
CCHC), 5.74 (ddt,J=17.1 Hz, J=10.3 Hz, J=6.7 Hz, 2H,
CH,CHCH,), 6.65 (ddJ=7.5 Hz,J=1.4 Hz, 2H, CCHCH), 6.79-
6.86 (m, 4H, CCHCH), 7.00 (dd}=7.1 Hz, J=1.6 Hz, 2H,
CCHCH); ®*C-NMR (125 MHz, CDC)): 5 (ppm) = 26.1 (CH),
28.4 (CH), 28.9 (CH), 29.1 (CH), 29.1 (CH), 29.3 (CH), 29.4
(CH,), 33.8 (CH), 55.0 (CH), 66.2 (C), 114.1 (GH 125.5 (CH),
126.1 (CH), 126.5 (CH), 128.2 (CH), 139.2 (CH), 1410, (
142.7 (C), 174.5 (C); IRpaxcm = 3072, 3024, 2922, 2852, 2160,
2030, 1978, 1722, 1640, 1454, 1198, 1104, 1006 MI(m/z)
766.4 [MNH]"; HRMS (m/z for [MNH]") calcd.: 766.4835;
found: 766.4830

4.19. (17),

Mp = 117-119 °C;'H-NMR (400 MHz, CDC)): & (ppm) =
1.42-1.55 (m, 10H, C}CH,CH,), 1.65 (quin,J=6.8 Hz, 4H,
COCH,CH,), 1.87 (quinJ=7 Hz, 4H, CHCH,OH), 3.53 (t,J=7
Hz, 4H, COCH), 3.69 (t,J=6.5 Hz, 4H, CHOH), 4.46 (s, 2H,

(1.35H, CCHC), 4.95 (dJ=10.2 Hz,J=1 Hz, 2H, CHCHCH,),
5.02 (dq,J=17.1 Hz,J=1.7 Hz, 2H, CHCHCH,), 5.09-5.22
(0.65H, CCHC), 5.84 (ddt}=17 Hz,J=10.3 Hz,J=6.6 Hz, 2H,
CH,CHCH,), 6.66-7.33 (16H, CCHCHCHCHC)?’C-NMR (100
MHz, CDCL): & (ppm) = 25.2 (CH), 29.0 (CH), 29.1 (CH),
29.4 (CH), 29.4 (CH), 33.8 (CH), 114.2 (CH), 125.6 (CH),
126.2 (CH), 139.2 (CH); IRy.ccm = 3066, 3032, 2924, 2850,
2160, 2020, 1978, 1744, 1640, 1452, 1376, 1294012154,
1118, 1010; HRMS (m/z for [MNH") calcd.: 738.4522; found:
738.4537

Acknowledgements

JVD would like to thank Flanders Innovation &
Entrepreneurship for a PhD-scholarship. FDP and Otk
the Research Foundation-Flanders (FWO) for findrsu@port.
We would also like to thank Akin Girsoy and Turkam@Glu

for their help during synthesis. Kevin De Bruyckes
acknowledged for computational calculations.

References

1. Fritzsche,). Prakt. Chem. 1867, 101 (1), 333-343.

2. Becker, H. D.Chem. Rev. 1993, 93, 145-172.

3. Breton, G. W.; Vang, XJ. Chem. Educ. 1998, 75, 81.

4, (a) Bratschkov, C.; Karpuzova, P.; Millen, K.; pier,

M.; Schopov, I.Polym. Bull. 2001, 46 (5), 345-349; (b) Bruss, J. M.;
Sahyun, M. R. V.; Schmidt, E.; Sharma, D. K.Polym. <i., Part
A: Polym. Chem. 1993, 31 (4), 987-994; (c) Matsui, J.; Ochi, Y.;
Tamaki, K.,Chem. Lett. 2006, 35 (1), 80-81.

5. Islangulov, R. R.; Kozlov, D. V.; Castellano, F, Shem.
Commun. 2005, (30), 3776-3778.

6. Morris, J. V.; Mahaney, M. A.; Huber, J. Rl Phys.
Chem. 1976, 80, 969-974.

7. (a) Bouas-Laurent, H.; Castellan, A.; Desvergne?.;
Lapouyade, R.Chemical Society Reviews 2000, 29 (1), 43-55; (b)
Ihmels, H.; Luo, J.Journal of Photochemistry and Photobiology A:
Chemistry 2008, 200 (1), 3-9; (c) Bouas-Laurent, H.; Castellan, A.;



10 Tetrahedron

Desvergne, J.-P.; Lapouyade, €hemical Society Reviews 2001,
30 (4), 248-263.
8. (a) De Schryver, F. C.; Anand, L.; Smets, G.;ttenj J.,
Journal of Polymer Science Part B: Polymer Letters 1971, 9 (10),
777-780; (b) Paul, S.; Stein, S.; Knoll, W.; MilleK., Acta
Polymerica 1996, 47 (2-3), 92-98.

9. Froimowicz, P.; Frey, H.; Landfester, Klacromol. Rapid
Commun. 2011, 32, 468-473.
10. (@) Radl, S. V.; Roth, M.; Gassner, M.; Wolfbergk.;

Lang, A.; Hirschmann, B.; Trimmel, G.; Kern, W.; €stser, T.Eur.

Polym. J. 2014, 52, 98-104; (b) Rameshbabu, K.; Kim, Y.; Kwon, T.;

Yoo, J.; Kim, E. Tetrahedron Lett. 2007, 48, 4755-4760.

11. Wells, L. A.; Brook, M. A.; Sheardown, HVlacromol.
Biosci. 2011, 11, 988-998.

12. Guarini, G. G. T.; Spinicci, R.; Carlini, F. MDpnati, D.,
J. Therm. Anal. 1973, 5, 307-314.

13. Donati, D.; Guarini, G. G. T.; Sarti-Fantoni, & Therm.
Anal. 1991, 37, 1917-1922.

14. Gore, P. HJ). Org. Chem. 1957, 22 (2), 135-138.

15. Ali, M. M.; Sana, S.; Tasneem; Rajanna, K. C.;29.
Saiprakash, P. KSynth. Commun. 2002, 32 (9), 1351-1356.

16. Meyer, K. H.Org. Synth. 1941, Coll. Val. 1, 1.

17. Bawa, R. A.; Jones, Setrahedron 2004, 60 (12), 2765-
2770.

18. Bayliss, M. A. J.; Homer, R. B.; Shepherd, MJJChem.

Soc., Chem. Commun. 1990, (4), 305-306.

19. Pirkle, W. H.; Finn, J. MJ. Org. Chem. 1983, 48, 2779—
2780.

20. Wang, Y. X.; Zhang, Y. M.; Liu, Y.J. Am. Chem. Soc.
2015, 137 (13), 4543-4549.

21. Liu, B.; Wang, H.; Zhang, L.; Yang, G.; Liu, Xjm, I.,
Polym. Chem. 2013, 4, 2428-2431.

22. Jones, R. NChem. Rev. 1947, 41 (2), 353-371.

23. Werner, T. C.; Hercules, D. Mrhe Journal of Physical
Chemistry 1969, 73, 2005-2011.

24. Lai, T. I.; Lim, E. C.J. Am. Chem. Soc. 1985, 107 (5),
1134-1137.

25. Hirayama, S.J. Chem. Soc. Faraday Trans. | 1982, 78,
2411-2421.

26. Werner, T. C.; Hercules, D. Ml, Phys. Chem. 1969, 73
(6), 2005-2011.

27. Ghoneim, N.; Scherrer, D.; Suppan, Baurnal of
Luminescence 1993, 55 (5), 271-275.

28. Ebeid, E. Z. M.; Habib, A. F. M.; Azim, S. React Solid

1988, 6 (1), 39-44.

Brouwer Albert, M., Standards for photoluminesee
gquantum yield measurements in solution (IUPAC TecdiriReport).
In Pure and Applied Chemistry, 2011; Vol. 83, p 2213.



