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Spectroscopy and Reactivity of Dialkoxy Acenes

Valentina Brega,”™ Sare Nur Kanari,® Connor T. Doherty,”? Dante Che, Seth

Samuel W. Thomas I11*!

Abstract: Photochemical oxidation of acenes can benefit or impede
their function, depending on the application. Although acenes with
alkoxy substituents on reactive sites are important for applications as
diverse as drug delivery and organic optoelectronics, the influence of
chemical structure on their photochemical oxidation remains
unknown. This paper therefore describes the synthesis,
spectroscopic properties, and reactivity with singlet oxygen (102) ofa
series of dialkoxyacenes that vary in the number and types of fused
rings in the (hetero)acene cores. Reductive alkylation of quinone
precursors yielded target dialkoxyacenes with fused backbones
ranging from benzodithiophene to tetracenothiophene. Trends of
their experimental spectroscopic characteristics were consistent with
time-dependent density functional theory (TD-DFT) calculations.
NMR studies show that photochemically generated '0, oxidizes all
but one of these acenes to the corresponding endoperoxides in
organic solvent. The rates of these oxidations correlate with the
number and types of fused arenes, with longer dialkoxyacenes
generally oxidizing faster than shorter derivatives. Finally, irradiation
of these acenes in acidic, oxidizing environments cleaves the €
bonds. This work impacts those working in organic optoelectr;
as well as those interested in harnessing photogenerated reactive
oxygen species in functional materials.

Introduction

Acenes occupy a central position in physical organi
and a wide range of functional materials. Some applic
such as organic field effect transistors (OFETs)" and organ
light emitting devices (OLEDs),” require compounds that
chemical reactivity and unwanted dggradation. Beyond
carbocyclic fused rings, heteroacene
azaacenes offer increased tunabi

heteroacene-based organic
and conjugated polymegs co
heteroacene derivatj such a
anthradithiophene, ha figured
applications.”!
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ond their role as the primary reaction products in
between acenes and 'O, the reactions of
themselves present unique opportunities.®
cycloreversion can occur in some cases to
reconstitute acenes,® which not only enables recovery from
oxidation-induced damage to acene-based optoelectronic
rials, but also presents a novel approach for delivering
ic reactive oxygen species.'"” In contrast to these
sion reactions, alkoxyacene endoperoxides can undergo
-yielding endoperoxide decomposition pathways, in which
e acetal-like linkages cleave to yield quinones and alcohols,
which is useful for photooxidative cleavage of covalent bonds.""!
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Scheme 1. Photooxidation of 9,10-dimethoxyanthracene using methylene
blue (MB) as a photosensitizer.
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Figure 1. Top: Structures of dialkoxyacenes 1-6. Bottom: Example synthesis, here of thienoanthracene 3.

Given the potential utility of alkoxyacenes, a systematic,
quantitative understanding of how their chemical structures
influence spectroscopic properties and reactivity with 'O,
impacts fundamental and applied chemistry. Available literature
reports, to the best of our knowledge, assess these properties
mainly for derivatives of three or fewer fused rings, with few
exceptions. For example, 9,10-dimethoxyanthracene has a
cycloaddition rate constant with 'O, of 1.4x10” M™'s"—about one
order of magnitude larger than the commonly used reactivity
standard  9,10-diphenylanthracene.' Similar oxidations of
naphthalene analogs are relatively slow (k ~ 10*-10° M's™),
while the corresponding endoperoxides fragment at room
temperature.  Aubry and coworkers used a 1
dialkoxynaphthalene core to construct water-soluble,
reactive naphthalenes,!™® while Linker and coworkers is
and characterized the thermally labile endoperoxides of 1,4-
dialkoxynaphthalenes, which form peroxo bridges
dialkoxy ring selectively.'""! With respect to long
Neckers and coworkers described highly
photostable pentacenes and tetracenothiophene
two ethynyl groups on the central ring of these
two methoxy groups on an adjacent ring.l"® Other
included dialkoxytetracene derivatives that underg
photodimerizations U} and  6,13- dialkoxypentacenes

unique influences of alkoxy group
objective here is to understand the rela
chemical structures, spectroscopy,

dialkoxyacenes.

Results and Di

the number (th
fused rings comp
chains. Consistent

re, each with n-alkoxy
ith well-documented trends in acene
at longer acenes would react faster
0 expected that addition of a fused
cene core would have a smaller

1) is higher than that of thiophene (29
e reactivity of most long acenes detracts

prove sensitivity of 'O,-responsive
materials and offer chemical conversion in other
applications that harness cycloaddition reactions. In addition to
her reacti toward singlet oxygen, longer acenes generally
r red-shi@d absorbance and emission spectra.
Syntheses of dialkoxyacenes involved reductive alkylation
corresponding quinones in biphasic mixtures using a
transfer catalyst, an alkylating agent, and sodium
a reducing agent. In almost all cases, we
quinones with 1-bromooctadecane (Figure 1) to
yield octadqCyloxy-substituted acenes 1-5; preparation of 6 from
tetracenomonothiophene (TMT) quinone required the stronger
electrophile dimethyl sulfate. We note that anthradithiophene
5 was isolated as a mixture of syn and anti isomers with
t to the terminal thiophene rings; previous reports indicate
the chemical properties of analogous stereoisomers of other
T derivatives are nearly identical.l'®
ptical Spectroscopy

Figure 2 shows the UV/vis absorbance spectra of
dialkoxyacenes 1-5 in CH.Cl, and 6 in THF, while Table 1
summarizes their photophysical parameters. The absorbance
spectrum of each compound displays an intense absorbance
band in the ultraviolet region and well-resolved vibronic peaks at
longer wavelengths, with molar extinction coefficients between
7000 and 13000 M'cm™. Consistent with the increased
conjugation of longer acenes, the lowest energy absorption
maximum for these compounds (Amax) shifts from 351 nm for
benzodithophene 1 to 560 nm for tetracenomonothiophene
(TMT) 6. Addition of a fused thiophene ring (comparing 2 and 3,
3 and 5, or 4 and 6) yields comparatively small bathochromic
shifts of 55-77 nm compared to addition of a fused benzene ring,
which yields a shift of 120 nm when comparing 2 and 4, and 98
nm when comparing 3 and 6.

of
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Figure 2. UV/Vis absorbance spectra of dialkoxyacenes 1-5 in CH,Cl, and 6
in THF.

The absorbance spectra of each of these molecules are red-
shifted relative to derivatives with identical fused ring cores but
with diaryl substituents on the same positions of the acene, but
blue-shifted relative to analogs with one arylethynyl and one aryl
substituent on those positions.'"” For example, the lowest
energy absorbance maxima of 5,12-dioctyloxytetracene 4 (505

2
nm) lies between that of 5,12-dianisyltetracene (495 nm) and 5- h \ %
anisyl-12-phenylethynyltetracene (523 nm). In fact, the s 85
from the previously reported dianisyl derivatives to the di #

derivatives here is consistently between 9 and 18 nm. Time-
dependent density functional theory calculations f
molecules reflected this same trend, with 1 having
energy absorbance band, and 6 having the lo
absorbance.
Similar to the trend in absorbance
fluorescence emission spectra of these compou
lower energy with increasing number of fused aroma
from 392 nm for benzodithiophene 1 to 577 nm
tetracenothiophene 6. In addition, close correlation to known
analogs also persists in the ﬂuorescerkce spectra, with mo‘st

Normalized Fluorescence Intensity (au)

350 400 450 500 550 600 650 700 750
Wavelength (nm)

Figure 3. Height-normalized emission spectra of dialkoxyacenes 1-5 in
CH,Cl, and 6 in THF.

10.1002/chem.201901258

WILEY-VCH

bathochromic shifts of the spectra of these compounds relative
to dianisyl derivatives, ranging be
for compound 1 (®F = 0.11), dia
fluorophores (®¢ > 0.4), which is impo
applications in fluorescent sensors o
Time resolved fluorescen
monoexponential decays
Together with the trends from

O gap and optical
to the terminus of
If the shift of adding a
fused benzene rin e spectral positions of
compounds 4 and deline. This quantitative
trend of compgking ene addition is similar to
the trends of ed of diaryl, aryl-ethynyl, and
diethynylacene.

vl ' AN

rs of 1-6

Acene Angimabs, €, Amaxfls Stokes (o3 T, NS Amax
I M'em™  nm® Shifts, st
4 nm
\ 351, 13400 392 41 0.11 -9 204

8300 445 60 0.91 102 349

3 Yez,‘a] 9300 475 13 0.56 129 395
278
505,F 8300 522 50 0.49 127 435
284
518,F 11500 527 9 0.74 16.3 420
301

6 560,11 7400°1 577" 17 049" 152 469
303

[a] Wavelength at which extinction coefficient was reported.
[b] For the (0,0) band.

[c] TD-DFT calculated.

[d] 403 nm pulsed LED used for TCSPC does not excite 1
[e] In THF.

Endoperoxide formation

Due to the importance of dialkoxyacenes in photo-cleavable
materials,"""*?'% a5 well as their potential utility in optoelectronic
devices and in materials for luminescent response to 'O, a key
objective is to understand how the structure of dialkoxyacenes
influences their photochemical oxidation by 'O,, To establish the
structures of products formed upon exposure of these
dialkoxyacenes to 'O, we irradiated CDCls solutions of
methylene blue (MB, ~0.6 mM) in the presence acenes (~6 mM)
at A > 630 nm. Under these conditions, the acenes absorb no
light, and any photoproducts occur through photosensitization of
'0, generated upon energy transfer from excited states of MB to
0. We chose CDCl; as a solvent because 'O, has an especially

This article is protected by copyright. All rights reserved.
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long lifetime of 840 us in CDCls and its convenience for direct
NMR analysis of products.”?”

as major products. NMR analysis 0 -irradiated 2, 3, and 5

QCraHar MB QC1ar QC1aHar revealed one endoperoxide product in all cases
OOOO »>5% O@OO + OO@O corresponded  to  selective the
OC1gHg7 © OC1gHg7 OC1gHg7 dialkoxyarene ring. The ce acenes are

a)a generally the most reactive, ulting products have the
largest magnitude of aromatic ion. ®*C NMR spectra

supported the formaj xide across the

electron-rich ring as j ich a resonance at

102-103 ppm cor rbon connected to the

endoperoxide brid 17). In the case of 1,

roxide after one hour of
lity of benzodithiophene
OC1gHa7 ‘ derivatives tha organic electronics.?"

In contrast e other acene cores investigated here,
has two equivalent central rings with

b) 4 + MB + 1h hv (A>630 nm)

OCqgHs7 .
i . Therefore, when the central rings of
-~ JUL, M’ tetracene not identically substituted, the
distribution of observe operoxide regioisomers gives direct
L comparisons of how substituents influence cycloaddition
9 8.5 8 7.5 7 rdactivity. O revious work used this approach to elucidate

ic and4&glectronic substituent effects in endoperoxide
tion.?? Here, exposing 5,12-dioctyloxytetracene 4 to 'O,
h irradiation of methylene blue in CDCI; yielded the
d two endoperoxides, with cycloaddition across the
itufed ring as the major product in a 9:1 molar ratio
Figure S16); the minor regioisomer resulted from
tion across the unsubstituted central ring. We

Chemical Shift (ppm)

Figure 4. Aromatic region of 'H NMR spectra in CDCl; of a)
dialkoxytetracene 4 before and b) after one-hour irradiation at A > 630 in the
presence of MB.

1 1

OCygHa7 [—o0s —0s OCigHa7 . . e .
08 OOO 0 OOO s attribute thI.S selecFlwty to.the electron.-dlonatlng charac.:ter of Fhe
° / ether substituents increasing the reactivity of the substituted ring.
3 . . .
g 06 Oty c 06 OC1sHor ’ i effects occur during analogous oxidations of
€ £ . . L
804 S04 alenes, 1,4-dimethyl and 1,4-dimethoxy derivatives of
o . . . .
< 02 —600s < 02 =i wilh show selective endoperoxidation across the substituted
: : sitions.'¥
0 _ o\
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Wavelenght () Wavelengnt (nm) Kinetics of Oxidation with 'O,

1 1 The reactivity of acenes with 'O, often determines their

—0s

08 0.8 ’ photochemical stability, which is relevant for optoelectronic
g 3 S ‘ 7 applications that require oxidation-resistant materials, as well as
g o8 8 o0 OCigHar their potential for use in 'O,-responsive materials, which require
g s g rapid rates of oxidation. We determined the relative reactivity of
02 these molecules to 'O, by irradiating MB (0.014 mM and Aess ~

. - o X 1.26) in air-equilibrated CHzCIZ. arlwd. mqnitoring acen.e

300 350Wa§2&ngﬁt5?nm)5oo 550 300 350Wa32l?engﬁts?nm)500 550 concentration as a functiot.1 of irradiation time by .UV/VIS

spectrophotometry. As described above for NMR experiments,

Figure 5. UVAis response of 2, 3, 4,m102 produced by W€ used a long-pass optical filter (A > 630 nm) to prevent direct

photosensitization (solvent = CH,Cl,, photosensitizer = methylene blue). irradiation of the acenes. Figure 5 shows representative UV/vis

Y spectra of these acenes (after subtraction of the absorbance
spectrum of the MB sensitizer) as a function of irradiation time.
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Figure 6. Comparison of the relative rate constants for dialkoxyacenes 2-
6 (purple columns) to previously reported’” anisylethynyl (light blue
columns) and anisyl derivatives (red columns). ke = 1 for 9,10-
diphenylanthracene. ANT = Anthracene, AMT = Anthramonothiophene,
TET = Tetracene, ADT = Anthradithiophene, TMT =
Tetracenomonothiophene derivatives.

Using the assumption that the steady-state concentration of
'0, does not change during the irradiation experiment, we fit the
kinetics of acene oxidation to pseudo first-order kinetics. Figure
6 shows rate constants of oxidation of these compounds relative
to a commonly used standard for 'O, reactivity,
diphenylanthracene (DPA). Longer dialkoxyacenes re
faster than shorter analogs, with effects of additional fuse
on kinetics of oxidation similar to those regarding spec;
described above. Using anthracene (ANT) 2 as
comparison, addition of a fused thiophene ring t
resulted in a smaller increase in reaction rate (k
addition of a fused benzene ring (ks = 5k2), while
thiophene rings had approximately the same
benzene ring (ks = 4.5k;). Tetracenomonothioph
derivative 6, which bears both an additional benzene rin
thiophene ring compared to 2, reacted fastest with '0,. In a
effort to build consistent and generally applicable stru
property trends of acene reactivity,
relative rates of dialkoxyacenes
analogs substituted in the same positio
or arylethynyl groups. For each of the fiv
dialkoxy derivative reacted thg fastest,
derivative reacted slowest. M
function of acene cor
these previously repo,

le acene, its

Acid-promoted
endoperoxides of
feature of labile
bridgehgds.  Previo

lkoxytetracene 4. The
t the unique structural
tal-type linkages at endoperoxide
studies have indicated that
linkages in alkoxy-substituted
can fragment, especially under
corresponding quinone and

acidic conditions, to yie
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Figure 7. 'H NMR spectra in CDCl; of a) dialkoxytetracene 4 after 4 hours
irradiation at A > 420 nm, b) tetracenequinone, and c) stearyl alcohol.
s.[""°H' Given that such reactions break the ethereal C-O
the starting acene, these downstream reactions of
as well as other 'O,-cleavabable linkers, have
in degradable materials and linkages, including for
drug delivery 2]

Given the faster endoperoxidation of longer acenes
dergonstrated above, we sought to determine whether acenes
ore than three fused rings—in particular we investigated
xytetracene 4—were susceptible to similar reactions. In
ition to experiment employing an external photosensitizer
scribed, we also irradiated tetracene 4 directly (A > 495 nm in
CDCls in the absence of MB). This direct irradiation gave NMR
spectra indistinguishable from those in which MB was irradiated.
Therefore, at this concentration (6 mM) in aerated CDCl;, we
observed no [4+4] “butterfly” dimerization products.

We found that although the endoperoxide of 4 persisted in
organic solvent, under mildly acidic conditions it fragmented
upon irradiation with violet light. In particular, irradiation of 4 with
A > 420 nm in CDCI; which is known to contain HCI as an
impurity, forms tetracenequinone and stearyl alcohol after 16
hours, as shown in the NMR spectra in Figure 7. The result
bears some similarities to those Briseno and coworkers, who
recently reported an acid-promoted rearrangement of rubrene
endoperoxide in chlorinated solvents.”® Other experiments
indicate that the tetracene endoperoxide of 4 is an intermediate
to this cleavage reaction: i) stopping the direct irradiation after
one hour yields endoperoxide as the only observed product, and
ii) endoperoxide initially formed by irradiation using methylene
blue sensitizer and A > 630 nm could be fragmented to the same
products (quinone and alcohol) by irradiating with A > 420 nm.
Additional experiments underscore the importance of acid in
promoting this photoinduced cleavage: i) identical irradiation
experiments in non-chlorinated solvents such as THF-dg or CsDs

This article is protected by copyright. All rights reserved.
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gave only the endoperoxide as product, while addition of
aqueous HCI to the CgDs solution of 4 caused the photoinduced
cleavage, and ii) addition of solid K,COj3 to the CDClI; solution
prevented photoinduced cleavage under otherwise identical
conditions. These observations suggest that longer, more
oxidatively labile acenes have potential for degradable materials
in acidic environments.

Conclusions

Although acenes hold a central position in organic optoelectronic
materials, substituent patterns of long acenes with more than
three fused rings are generally quite restricted, focusing
primarily on the highly stable ethynyl derivatives. In contrast, this
new family of dialkoxy-substituted acenes and thienoacenes
reacts faster with 'O, than even the corresponding aryl-
substituted analogs of identical acene core structure. The optical
spectra of these dialkoxyacenes is reliably red-shifted compared
to analogous diarylacenes previously reported by our group.!'”!
Moreover, the susceptibility of the acetal-endoperoxide products
of these oxidations to photo-induced cleavage in acidic
conditions and with visible light opens the possibility of using
such acenes as photocleavable linkers for applications in
degradable materials such as payload delivery. Taken together,
this systematic investigation both enhances our fundame
understanding of how structure influences the optical
chemical reactivity properties of long acenes, but also su
that alkoxyacenes are promising candidates for materj
respond to 'O, for applications in either
measurements or selectively degradable materials.

Experimental Section

General Information
"H and "®C NMR experiments were performed on a Bruker AVANC
500 MHz NMR in deuterated solvent at room temperature. Che,
shifts are given in parts per million (ppm).
with Topspin 2.1 (Bruker Biospin). High-res
analyses of new compounds were pe
Institute of Technology mass spectrometry fa
of lllinois at Urbana-Champaign mass spectrom
electrospray ionization in positive mggle.

All reactions were monitored u
plates with UV detection
63 um) and neutral alu
compounds were
. UV-vis absorption
lan Cary-100 spectrophotometer in
ctra were collected with a PTI
W Xe lamp. Fluorescence
to either (i) anthracene in
ii) 9,10-diphenylanthracene in cyclohexane®®®
rin 6 in ethanol® for compound 3 (iv)
compounds 4, 5, and 6. Time-resolved
nder ambient conditions using a time-
instrument with a pulsed LED

measured in solvents of spec
spectra were recorded using a
double beam m orescence
Quantum Master
quantum vyields wer

correlated single-
operating at 403 nm.
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Irradiation experiments were perform
(Newport-Oriel) equipped with a wat
lens, and the appropriate wavelength selec
> 630 nm, a 630 nm long-pass filter was use
density of 50.2 mW/cm?. For irradiation at 2,
pass filters were used in sericgi

with a 200 W Hg/Xe lamp
manual shutter, focusing
s. For irradiation at A
average power

20 nm long-pass filters were
iy of 63 mW/cm?.

mm-Dancoff approximation
ic coordinates derived from
geometry optimized in a planar configuration.
Geometry optimizati on constructed atomic
e 6-31G(d,p) level of theory.

at the 6-311+G(d,p) |

states. Displayed t
calculated molecular
excited
the ex
Gaussian 09 software

Iculations were carried out using the
]

Chemicals

starting mlals and solvents were purchased from Sigma-Aldrich,
Chemicaf®or Fisher Scientific and, unless otherwise specified, were
without further purification. Deuterated solvents were purchased
ambridge Isotope Laboratories.

,3-b]thiophene-5,10-dione,*®  anthra[2,3-b:7,6-b]dithiophene-
nthra[2,3-b:6,7-b'/dithiophene-5,11-dione®" and
iophene-5,12-dione (TMT quinone)?” were synthesized
according erature procedures. Compounds 1-6 were stored in the
dark under argon. Syntheses and handling of 4, 5, and 6 was performed
in the dark.

eroxide Formation

ion at A > 630 nm: ~ 5 mg of acene was dissolved in 1 mL of
3 and a small amount of methylene blue was added. The solution
irradiated at A > 630 nm for one hour. The solution was oxygenated
sparging with air during the irradiation.

irect irradiation of acene 4: ~ 5 mg of acene 4 were dissolved in 1 mL of
CDCl3 and the solution was irradiated at A > 495 nm for one hour. The
solution was oxygenated by sparging with air during the irradiation.

Synthesis of 1

Benzo[1,2-b:4,5-b']dithiophene-4,8-dione (0.20 g, 0.9 mmol), sodium
dithionite (0.32 g, 1.8 mmol) and Adogen 464 (0.3 mL) were dissolved in
a mixture of water (25 mL) and CH.Cl, (25 mL) deoxygenated by
sparging with argon and stirred for 5 minutes. After the addition of NaOH
(0.36 g, 9.1 mmol), the mixture was stirred for ten more minutes. 1-
Bromooctadecane (1.5 g, 4.5 mmol) was added portionwise, and the
reaction mixture was allowed to stir at room temperature overnight. After
separating the organic from the aqueous phase, the aqueous phase was
extracted with CH,Cl, (3 x 20 mL). The organic layers were combined,
washed with water (3 x 20 mL), dried over MgSQO, and filtered through a
plug of silica. The solvent was removed in vacuo and the yellow crude
product obtained was purified by flash column chromatography (SiO,,
gradient from hexanes to hexanes:CH,Cl, = 7:1) to give 0.14 g of a white
solid (yield = 21%).

"H NMR (500 MHz, CDCl3) & 7.48 (d, J = 5.5 Hz, 2H), 7.36 (d, J = 5.5 Hz,
2H), 4.27 (t, J = 6.6 Hz, 4H), 1.90 — 1.84 (m, 4H), 1.59 — 1.52 (m, 4H),
1.41-1.29 (m, 56H), 0.88 (t, J = 6.8 Hz, 6H).
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®C NMR (126 MHz, CDCl3) & 144.7, 131.8, 130.3, 126.1, 120.5, 74.1,
32.1,30.7, 29.9, 29.8, 29.8, 29.6, 29.5, 26.2, 22.9, 14.3.

HRMS (ESI+) m/z: [M+H]" Calcd for CseH790,S, 727.5521; Found
727.5524.

Synthesis of 2

9,10-Anthraquinone (0.13 g, 0.62 mmol), sodium dithionite (0.22 g, 1.2
mmol) and Adogen 464 (0.2 mL) were dissolved in a mixture of water
(7.5 mL) and CH.CI, (7.5 mL) that was deoxygenated by sparging with Ar
and stirred for 5 minutes. After the addition of NaOH (0.25 g, 6.2 mmol),
the mixture was stirred for ten more minutes. 1-Bromooctadecane (1.03 g,
0.31 mmol) was added portionwise, and the reaction mixture was allowed
to stir at room temperature overnight. After separating the organic and
the aqueous phases, the aqueous phase was extracted with CH,Cl, (3 x
20 mL). The organic layers were combined, washed with water (3 x 20
mL), dried over MgSO, and filtered through a plug of silica. The solvent
was removed in vacuo and the yellow crude product obtained was
purified by flash column chromatography (SiO,, gradient from hexanes to
hexanes:CH,Cl, = 7:1) to give 0.12 g of a light yellow solid (yield = 27%).

H NMR (500 MHz, CDCl3) & 8.29 — 8.27 (m, 4H), 7.48 — 7.46 (m, 4H),
415 (t, J = 6.7 Hz, 4H), 2.07 — 2.01 (m, 4H), 1.68 — 1.62 (m, 4H), 1.48 —
1.23 (m, 56H), 0.88 (t, J = 6.9 Hz, 6H).

®C NMR (126 MHz, CDCls) & 147.7, 125.3, 125.2, 122.9, 76.3, 32.1,
30.8, 29.9, 29.8, 29.8, 29.5, 26.4, 22.8, 14.3.

HRMS (ESI+) miz: [M+H]' Calcd for CspHgsO, 715.6393; Foupd
715.6415.

Synthesis of 3
Anthra[2,3-b]thiophene-5,10-dione (0.20 g, 0.76 mmol), sodium
(0.26 g, 1.5 mmol) and Adogen 464 (0.4 mL) were dissolved i
of water (15 mL) and CH,Cl, (15 mL) deoxygenated by
argon and stirred for 5 minutes. After the addition of Na
mmol), the mixture was stirred for ten more minutes. 1-B
(1.3 g, 3.9 mmol) was added portionwise, and the re
allowed to stir at room temperature overnight. A
organic and aqueous phases, the aqueous phase was ex
CH.CI; (3 x 20 mL). The organic layers were combined, washe
water (3 x 20 mL), dried over MgSO, and filtered through a plug of silica¥
The solvent was removed in vacuo and the yellow crude prgduct
obtained was purified by flash column chrgmatography (SiO,, gra
from hexanes to hexanes:CH,Cl, = 4:1) to, 0.12 g of a bright
solid (yield = 21%).

TH NMR (500 MHz, CDCly) 8 8.80 (s, 1H), 8.75 (s, 31 (m,
2H), 7.51 (d, J = 5.7, 1H), 7.46 — 7,41 (m, 3H), 4.21 (q, Hz, 4H),
2.13 - 2.05 (m, 4H), 1.73 — 1.65 ( 151 —1.21 (m, 56M), 0.88 (t, J
= 6.9 Hz, 6H).

3C NMR (126 MHz, C 148.0, 146.6, '3, 129.1, 125.0,
124.8, 124.5, 124.1, 123.9, YR.9, 123.8, 122.9, 2.8, 116.9, 1157,

76.4,76.3, 30.9, 30.9, 29.9, 29.
HRMS (ESI+) m
Synthesis of 4
oxygenated by sparging with argon and
ition of NaOH (0.31 g, 7.7 mmol), the

mixture was stirred for tes. 1-Bromooctadecane (1.3 g, 3.9
mmol) was added portionwise, and the reaction mixture was allowed to

10.1002/chem.201901258
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stir at room temperature overnight. After separating the organic and
aqueous phases, the aqueous phase wgs extracted with CH,Cl, (3 x 20
mL). The organic layers were combine! ed with water (3 x 20 mL),
dried over MgSO, and filtered through a p| ilica. The solvent was
removed in vacuo and the orange crude prod was purified by
flash column chromatography (SiOy,
hexanes:CH,Cl, = 85:15) to gi
48%).

"H NMR (500 MHz, CDC
8.01 (m, 2H), 7.43 - 7. s
4H), 1.75 — 1.68 (m, 4jf#1.52 — 1.22 (m'

T2, 4H), 2.15 - 2.09 (m,
), 0.88 (t, J = 6.9 Hz, 6H).

*C NMR (126 MHz,
124.1,122.9, 121.6,

Cl3) 0 147.7, 131.28128.8, 125.5, 124.9, 124.8,

.8,29.5, 26.5, 22.9, 14.3.

HRMS (ESI+)
765.6563.

r C54H8502 7656550, Found

Synthesj
Anthral; ,11-dione/Anthra[2,3-b:6,7-
b']dithiophene-5,11-dl , 0.31 mmol), sodium dithionite (0.11 g,
0.63 mmol) and Adogen 464 (0.2 mL) were dissolved in a mixture of
water (7.5 mL)aand CH,Cl, (7.5 mL) deoxygenated by sparging with
on and stir[‘or 5 minutes. After the addition of NaOH (0.125 g, 3.1
ol), the mM@Ure was stirred for ten more minutes. 1-Bromooctadecane
3 g, 1.6 mmol) was added portionwise, and the reaction mixture was
to stir at room temperature overnight. After separating the
and aqueous phases, the aqueous phase was extracted with
20 mL). The organic layers were combined, washed with
, dried over MgSO, and filtered through a plug of silica.
The solven s removed in vacuo and the red crude product obtained
was purified” by flash column chromatography (SiO,, gradient from
hexanes to hexanes:CH,Cl, = 4:1) to give 0.054 g of a red solid (yield =
21%).

(500 MHz, CDCl3) & 8.80 (s, 2H), 8.75 (s, 2H) 7.50 — 7.47 (m,
40 (d, J = 5.6 Hz, 2H), 4.26 (quin, J = 6.5 Hz, 4H), 2.18 — 2.09 (m,
. 1.78 — 1.68 (m, 4H), 1.52 — 1.21 (m, 56H), 0.88 (t, J = 6.9 Hz, 6H).

%C NMR (126 MHz, CDCl3) & 148.3, 146.9, 145.5, 139.0, 138.9, 138.1,
137.9, 129.2, 129.1, 123.9, 123.2, 123.1, 122.9, 122.8, 116.8, 116.8,
115.5, 115.5, 76.4, 76.4, 76.3, 32.1, 31.0, 29.9, 29.8, 29.5, 26.5, 22.9,
14.3.

HRMS (ESI+) m/z: [M+H]" Calcd for CssHgs0.S, 827.5834; Found
827.5786.

Synthesis of 6

Tetraceno[2,3-b]thiophene-5,12-dione (0.160 g, 0.51 mmol), sodium
dithionite (0.177 g, 1.0 mmol) and tetrabutylammonium bromide (0.082 g,
0.25 mmol) were dissolved in a mixture of water (10 mL) and THF (20
mL) deoxygenated by sparging with argon and stirred for 5 minutes. After
the addition of KOH (0.285 g, 5.1 mmol), the mixture was stirred for
fifteen more minutes. Dimethyl sulfate (0.24 mL, 2.5 mmol) was added
dropwise, and the reaction mixture was allowed to stir at room
temperature overnight. After separating the organic and aqueous phases,
the aqueous phase was extracted with EtOAc (3 x 20 mL). The organic
layers were combined, washed with water (3 x 20 mL), dried over
Na,SO, and filtered. The solvent was removed in vacuo and the purple
crude product obtained was purified by gravity column chromatography
(Aluminum oxide, hexanes:EtOAc = 95:5) to give 8 mg of a purple solid
(yield = 5%).

This article is protected by copyright. All rights reserved.
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H NMR (500 MHz,) 5 8.96 (s, 2H), 8.85 (s, 1H), 8.79 (s, 1H), 8.05 — 8.03
(m, 2H), 7.61 (d, J = 5.5, 1H), 7.45 (d, J = 5.5, 1H), 7.37 — 7.35 (m, 2H),
4.25(d, J = 4, BH).

®C NMR (126 MHz, CDCls)  149.6, 148.2, 140.2, 139.0, 132.2, 132.1,
130.3, 129.3, 129.2, 126.0, 125.9, 124.3, 124.0, 123.3, 123.2, 121.8,
121.7,117.1,115.7, 63.3, 63.3.

HRMS (ESI+) miz: [M+H]" Caled for CxHi70,S 345.0949; Found
345.0934.
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Dialkoxyacenes with three or more
fused rings react rapidly with singlet
oxygen ('0) to yield endoperoxides,
with potential applications in 'O,
detection or degradable materials.
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