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ABSTRACT: A set of N-substituted benzoperylene monoimide (BPI) fluorophores
was synthesized and characterized structurally and photophysically. Condensation
of benzo[ ghi]perylene-1,2-dicarboxylic anhydride in the presence of “swallow tail”
alkyl amines produced fluorophores that are soluble in a range of organic solvents,
highly absorbing in the near-UV (&334 = 79 000 M 'em "), and fluorescent in the
visible range. Photophysical behavior of the compounds was studied with steady-
state and time-correlated single photon counting. The synthesized BPIs exhibit
positive solvachromatic emission (Ao, (hexane) = 469 nm; Ao, (ethanol) =
550 nm) as a function of solvent polarity with little change in their excited-state
lifetime (9.6—6.5 ns) and fluorescence quantum yield (0.27—0.44) over the
polarity range studied. Solvachromatic shifts were analyzed using the Lippert—
Mataga approach. In nonpolar hydrocarbon solvents evidence of dual emission
from closely spaced (562 cm ™ ') S, and S, excited states is observed. Preliminary
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peak assignments for the anomalous S, emission are made.

B INTRODUCTION

Molecular fluorophores are valuable tools as reporters of local
environment in many biological and macromolecular systems.
Highly conjugated polyaromatic derivatives of perylene and
benzoperylene have received considerable research interest as
vat dyes and versatile molecular fluorophores.' > These com-
pounds exhibit many qualities advantageous to the optical sens-
ing and information recording fields including high quantum
yields,*® photostability,® and inertness to aggressive chemical
reagents. Their application in light harvesting,”® as laser dyes,”*
and supermolecular architectures'>”>* has been promising and
well-documented. In addition, dyes that exhibit these features
coupled with solvachromatic emission have the potential to de-
tect polarity changes in complex environments.

Benzo[ghi]perylene monoimides (BPIs) represent a unique
class of fluorescent perylene dyes. Three variations of BPI
derivatives have been documented; however, their photophys-
ics have not been thoroughly examined.”® *° Specifically,
solvent-dependent absorption and emission properties have
not been previously reported. While their structures suggest
that they retain the chemical and photophysical stability of their
widely studied perylene bisimide and diimide counterparts, we
show that BPIs exhibit strongly positive solvachromatic emis-
sion as a function of solvent polarity, with negligible changes in
the near-UV range absorption maxima. With little hydrogen
bonding and acid—base character, the solvachromatic shifts
observed with changes in solvent polarity are likely general in
nature.

v ACS Publications ©2011 american chemical Society

Functionalization of the fluorophores at the imide nitrogen
with ditert-butyl or “swallow tail” alkyl chains has some distinct
advantages. First, the solubility of the dye is greatly increased in a
range of common organic solvents. Moreover, the perpendicular
geometry of the swallow tail with respect to the rigid aromatic
ring system prevents aggregation from planar st;ickjng.26’27 Most
importantly, modifications with alkyl chains do not affect the
electronic structure of the ring system; thus, their photophysical
properties are not altered.

Solvachromatic dyes are those which exhibit shifts in their ele-
ctronic spectra as a function of solvent interactions.”® Although
broad in scope, the influence of solvents on the excited-state
chemistry of fluorophores can be divided into two types of
effects; general and specific solvent effects. General solvent
effects include the change in energy observed in absorption or
emission resulting from the polarizabilities of the fluorophores
and solvent, respectively. These interactions are, as their name
implies, general in nature and include solvent dielectric (&) and
refractive index (n) terms. Specific solvent effects pertain to hy-
drogen bonding, acid base chemistry, or other particular solvent-
fluorophore interactions that alter the excited-state chemistry.
Fluorophores that do not exhibit substantial specific solvent
effects can therefore be used as reliable indicators of local
environment, such as solvent polarity. In this work, we present
the synthesis and characterization of a set of “swallow tail”
N-substituted benzo[ghi]perylene-1,2-dicarboxylic monoimides
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Scheme 1. Synthesis of BPIs
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Figure 1. (Left) UV—vis absorption spectra of 3b (dash), 3¢ (dot), and 3d (solid) in hexane. (Right) Absorption spectra of 3d in hexane (solid) and

ethanol (dash).

via a two step process. Also, their absorption and solvachromatic
emission behavior are introduced. We analyze their solvachro-
matic behavior with the Lippert—Mataga approach and provide
evidence of anomalous S, — S, emission in nonpolar hydro-
carbon solvents. Together, their simple synthesis, ease of pur-
ification, and photophysical properties suggest they have great
utility in “smart” packaging and optical sensing fields.

B RESULTS

Synthesis of Benzoperylene Monoimides. The synthesis of
benzoperylene monoimides 3a—d was completed via condensa-
tion of “swallow tail” amines 2a—d in the presence of 1 as illus-
trated in Scheme 1. The inclusion of a bulky alkyl chain “swallow
tail” at the imide nitrogen has been shown to greatly improve
solubility of similar fluorophores by sterically hindering
aggregation.3’26 Step (i) shows the formation of 1 via the well-
documented Diels—Alder reaction of perylene and maleic anhy-
dride in the presence of the strongly oxidizing agent p-chloranil,
as developed by Clar.”® ' This reaction was chosen as it exhibits
quantitative yields and short reaction times. Product 1 is readily
crystallized and serves as the precursor for the synthesis of the
new monoimide fluorophores. Target compounds 3a—d were
isolated via reductive amination of ketones a—d (step (ii)) with
sodium cyanoborohydride according to the Borch amine synthesis.>*
The condensation step (iii) was devised by our group according

Table 1. Photophysical Data for 3d in Solvents of Increasing
Polarity

& lmax Emax j«em
solvent  (25°C) (nm)* (M 'km ™)’ (am)* 7 (ns)* @S

hexane 1.882 334 79000 (+1900) 469 9.5 0.32
cydlohexane 2015 335 73700 (£1200) 471 105  0.32
cal, 2228 338 56600 (£3400) 482 87 037
toluene 2379 339 50200(4£900) 491 92 042
ethylether ~ 4329 335 54600 (£1600) 495 96 034
acetone 20.70 336 51600 (£1900)  S14 7.8 027
chloroform  4.806 339 60100 (£900) 522 67 035
acetonitrile  37.50 336 51900 (£800) 527 75 033
DMSO 4670 339 52000 (£1200) 534 77 044
ethanol 2430 336 55200(£1800) 550 65 030

“41nm. " > 0.996.° £0.1 ns.  +0.05. ¢ Emission data obtained at 4,
for each solvent. / Quantum yields measured using quinine sullate in
0.1 M H,SO,.

to similar syntheses of perylene-3,4:9,10-tetracarboxylic bisimide
dyes +=62533

BPIs 3b—d were produced in high yields. These yields
decreased from 89% to 76% for 3b to 3d, respectively. However,
the yield of compound 3a was significantly lower. Product solubility
and melting point ranges also show trends with increasing
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Figure 2. (left) Fluorescence spectra of 12 #M 3d in solvents of increasing polarity. (right) Normalized fluorescence emission of 3d. Spectra recorded at

22 °C. An excitation wavelength of 336 nm was used.
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Figure 3. Time correlated single photon counting decay traces of (top left) 90 #M 3d in hexane; A.,,, = 468 nm (triangles) and ethanol, Ao, = 550 nm
(diamonds), (middle left/bottom left). Weighted residuals plot of decay fit for 3d in hexane and ethanol. (top right) 90 #M 3d in hexane emission at
456 nm (blue) and 468 nm (black), (middle right bottom right). Weighed residuals of 3d in hexane with emission at 456 nm/468 nm. All spectra at

22 °C. An excitation wavelength of 394 nm was used.

“swallow tail” chain length. The solubility of the products
increased with longer tail length, with 3a having very low
solubility in organic solvents, so low in fact that it approaches
the insolubility of compound 1. The melting points of 3a—d
show a systematic decrease from >320 °C to 187 °C as a function
of alkyl side chain length. The low solubility of 3a limits the ability to
fully characterize the compound. Therefore, only 3b—3d were
spectroscopically examined.

The new compounds were characterized using "H and "*C NMR,
FTIR, elemental analysis, and mass spectrometry. Previously

6009

prepared perylene imide dyes maintain a perpendicular geometry
of the imide nitrogen substituent with respect to the aromatic
ring system.>*"*”>*33 This orientation is found in the new BPIs
and supported by the observation of two separate methylene
signals at 1.85 and 2.25 ppm in the "H NMR spectra. It is likely
that this behavior is the result of the nonequivalent interaction
between the two methylene groups of the alkyl tail with the
carboximide oxygens. Changes in the imide alkyl chain length are
confirmed in the different integration values of the "H NMR
signals appearing at 1.30—1.45 ppm while the aromatic and
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Figure 4. Lippert—Mataga plot of the S; — S, Stokes’ shift observed for
3d in. solvents of increasing polarity.

methine ("H at 4.4 ppm) signals remain unchanged. Upon addi-
tion of an alkyl “swallow tail”, some other changes are observed
that are useful for product characterization. FTIR spectra re-
veal the appearance of new C—H stetches between 2850 and
2960 cm ™ and a peak at 1692 cm ™, indicating the formation of
the disubstituted carboxylic imide, all of which are absent in the
starting compound 1. Differences in the swallow tail length can
be monitored by the peak integrations in the 10—30 ppm region
of the ">C NMR spectra.

Absorption Properties. The UV—vis absorption spectra of
the BPIs 3b—d in hexane, as well as 3d in hexane and ethanol, are
shown in Figure 1. The compounds exhibit the same absorbance
features independent of “swallow tail” chain length. In hexane,
each compound shows structured transitions with peaks at 468,
456, 440, 432(shoulder), and 416 nm in the visible region and
389, 369, 355, 334(max), and 320 nm in the UV. The lowest
energy transition is attributed to the S, — S, transition at 468 nm
with a molar absorptivity (¢£) of 15200 M 'cm ™", far lower than
the visible range absorbance of its perylene bisimide counterparts
(£>90000 M 'cm™")."® The strongest absorbance peak of the
BPIs is the 7t — 7t * transition at 334 nm with a molar absorptivity
of 79 000 M~ 'em ™. The absorption peak energies and shapes
are consistent with other structurally similar fluorophores.”*°
Hypsochromic and bathochromic shifts, as well as band broadening,
are observed for the absorbance peaks of the BPIs in more polar
solvents. Some of these trends are outlined in Table 1 for a range
of 10 solvents. The band broadening and red-shift is more
pronounced in the low energy visible range of the spectra. For
example, in ethanol the absorbance maxima red-shifts 3 nm in the
UV, while an 11-nm red-shift is observed for the S, — S; peak
with respect to hexane spectra. The full width half-maximum of
the low energy transition increases from 6 to 40 nm in hexane and
ethanol, respectively. This band broadening suggests there is a
decrease in the vibrational spacing of the excited state surface. A
possible explanation for this is the existence of a mixed n—7* and
" excited state. This is supported by the molar absorptivity
of the transition (15200 M~ ' cm™ ') as it is between the accepted
values for the two independent types of transitions.’

Fluorescence Properties. The excited-state properties of
BPIs were investigated using fluorescence emission spectroscopy.
The emission spectra of 3d in solvents of increasing polarity are
shown in Figure 2 and summarized in Table 1. In hexane and
other alkyl chain hydrocarbon solvents, the BPIs exhibit struc-
tured absorbance and emission in the visible range. Alternating

Table 2. Calculated Dipole Moment Changes and Excited
States Dipole Moments of 3d

n (A) Au (D) to (D)
3.0 42 7.7
3.5 53 8.8
40 6.5 10.0
45 7.7 112

“ Calculated via AMI method.

Figure 5. Combined absorption and emission spectra of 3d in hexane at
22 °C. Peak numbers correspond to assignments in Table 3.

band intensity and a mirror image relationship is observed with
substantial overlap of the most intense band at 469 nm. As the
solvent polarity increases, a Stokes’ shift was observed and the
mirror image relationship lost. Over the polarity range of hexane
to ethanol, the emission maxima increased from 469 to 550 nm,
respectively. Again, band broadening is observed as a function of
solvent polarity and the vibrational structure disappeared in
solvents more polar than diethyl ether. Fluorescence quantum
yields (®y) were determined to be between 0.27 and 0.44 over
the range of solvents studied. Time correlated single photon
counting decay traces of 3d are shown in Figure 3. The excited-
state lifetime (7) of 3d decays as a single exponential in all
solvents and decreases with solvent polarity from 9.6 to 6.5 ns in
hexane and ethanol, respectively. The excited state lifetime of 3d
in hexane maintains a single exponential decay at all emission
wavelengths, but the value of the lifetime is longer (10.7 ns) for
emission at 456 nm than at all other emission wavelengths
(9.6 ns). A statistical analysis of the fits was performed, yielding
relative errors of 0.6% for each within a 95% confidence interval.
This suggests that the lifetimes are indeed statistically different at
the respective emission wavelengths.

In hexane and other hydrocarbon solvents, unique emission
behavior is observed. As mentioned above, under these condi-
tions, there is a clear mirror image relationship between absor-
bance and emission. However, the spacing between adjacent
bands follows an alternating pattern indicative of emission from
multiple excited states. These findings and their peak assign-
ments are presented in subsequent sections.

W DISCUSSION

Synthesis and Chemical Properties of BPIs. The observed
decrease in product yield with longer “swallow tails” is to be
expected from the increased steric bulk of the 13-carbon tail
added and the deviation from the structure of starting material 1.
These trends in solubility and melting point are the result of
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Table 3. Peak Assignments of Electronic Transitions of 3d in Hexane

peak type v =" A (nm) AE (em ™)
1 So— S 02 4160 24038
3 0,1 440.0 22727
6 0,0 458.0 21368
7 S, —So 0,0 459.5 21299
9 0,1 500.0 20000
11 0,2 533.0 18762

“Peak position distorted due to strong self-absorption.

peak type v = A (nm) AE (ecm ™)
2 So— S, 0.1 432.0 23143
4 0.0 456.0 21930
s $,— S, a a a
8 0.1 482.5 20725
10 0.2 510.5 19589
12 0.3 544.0 18382

disrupted planar stacking of the molecules by the longer bulky
alkyl chains. They agree with those observed for similar “swallow
tail” perylene diimides in previous reports.>®

Photophysics and Solvatochromism. The synthesized BPIs
exhibit positive solvachromatic emission as a function of solvent
polarity, a phenomena well documented in the literature.”**’
Analysis of the solvachromatic shifts using the Lippert—Mataga
approach employs eqs 1 and 2, where Av is the observed Stokes’
shift of the lowest energy electronic transition (in cm '), Afis
the solvent polarizability parameter, a is the Onsager cavity radius
of the dipole, 1. and u, are the dipoles of the excited and ground
states, and h and ¢ are Plank’s constant and the speed of light,
respectively. In eq 2, € and n are the solvent dielectric constant
and refractive index values, respectively.*”

28 (e — g+ C W)

Av = —

head
e—1 nt—-1 2)
2e+1 2n2+1

A plot of Af vs Av as observed from the absorbance and
emission spectra of 3d in solvents of increasing polarity is shown
in Figure 4. A linear least-squares fit to eq 1 yields a slope of
6540 cm ™ with an r* of 0.86. With knowledge of ¢, (3.5 D) and
a, U. can be obtained. Due to the contention on the issue of
Onsager radii size, Table 2 presents the calculated Ay values
determined via the AM1 computational method with three es-
timations of the cavity radius between 3.0 and 4.5 A. The positive
slope of the Lippert—Mataga plot in the solvents studied sug-
gests that general solvent effects are responsible for the observed
positive solvatochromic shifts in emission. Due to the fact that
the ground state dipole moments are significantly smaller than
those in the excited state, strong solvatochromism is observed in
emission, but only weakly in absorption. However, its low cor-
relation coeflicient of 0.86 supports the influence of some specific
solvent effects. Most notably, halogenated solvents seem to
increase the red-shift observed in emission and shorten the ex-
cited state lifetime. A more thorough investigation of the nature
of these specific solvent effects is currently underway to ascertain
the influence of hydrogen bonding and halogenations of solvents.

Anomalous S, Fluorescence. In nonpolar hydrocarbon
solvents, the BPIs display unique electronic behavior indicative
of two closely spaced emissive singlet states, S; and S,. The peak
assignments in Figure S and Table 3 are representative of this
two-state model. According to Kasha’s Rule,* the fluorescence
of a molecule in condensed media occurs only from the lowest
vibrational level of the lowest electronic excited state, S;, since
vibrational relaxation proceeds much faster (picoseconds) than
the time scale of fluorescence (nanoseconds). Although this rule
is well-accepted, some exceptions do exist, most notably the S, — S,

Af =

fluorescence of azulene.*""** Also, 1,12-benzoperylene and other
bay-substituted perylene derivatives have shown evidence of dual
S, and S, emission at room temperature in previous studies.** %’
For the most structurally similar fluorophore that exhibits this
dual emission behavior (1,12-benzoperylene), two excited sing-
let states S; ('Ly,) and S, ('L,) are assigned to be separated by less
than 1400 cm™'.*’ At 23 °C, significant thermal population of
S, — S, occurs, and dual emission is observed.

In the case of BPIs 3b—c, spectra indicate that there is even
closer spacing of the S; and S, levels than that observed in the
previously studied compounds, and that their lowest vibrational
states separated by only 562 cm ™ '. The Boltzmann populations
of the two states can be calculated using eq 3 where N are the
populations of the S, and S; states, E is the energy of the states, kg
is the Boltzmann constant, and T is the absolute temperature.

I (N> _ B —Fs) 3)

Ns, ksT

With such small spacing between the S; and S, excited states,
6.4% of the molecules are expected to be able to populate the S,
state at room temperature. Excited-state lifetime measurements
of the samples produced single exponential decays at emission
peaks S and 7—12, with peaks 7—12 yielding identical lifetimes of
9.6 ns. Only peak S produced a different lifetime of 10.7 ns. The
longer lifetime emission at peak 5 is consistent with emission
from the thermally populated S, — S, state, as it occurs
slightly delayed from that of S;. Further low temperature
fluorescence experiments are underway to better characterize
the dual emission.

B CONCLUSIONS

In summary, we present the synthesis and characterization of a
set of benzo[ghi]perylene N-substituted monoimide fluoro-
phores were prepared via condensation of benzo[ghi]perylene-
1,2-dicarboxylic anhydride and various “swallow tail” alkyl chain
amines. The products are soluble in a range of organic solvents
and show positive solvachromatic emission as a function of
solvent polarity. They maintain the properties desirable for
industrial molecular fluorophores including synthetic ease, high
chemical and photochemical stability, and moderately high
fluorescence quantum yields (®¢ > 0.27) in all solvents exam-
ined. Also, they strongly absorb in the near UV range, with much
weaker absorbance in the visible range. This property, coupled
with their solvachromatic emission, suggests that they will be
valuable tools as molecular reporters of local polarity in com-
plex macromolecular systems including polymer matrices and
nanoparticles. As expected, the photophysical properties do not
change as a function of the length of the “swallow tail” chains.
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In hydrocarbon solvents, the BPI fluorophores exhibit spectral
characteristics of two closely spaced excited states (S; and S,),
separated by only 562 cm™'. The vibrational assignments are
tabulated from the electronic spectra and their alternating nature
suggest that a two-state system is operative. Further low tem-
perature fluorescence experiments are being conducted to ana-
lyze the nature of the observed phenomena; the results will be
presented in future work.

B EXPERIMENTAL SECTION

Benzo[ghi]perylene-1,2-dicarboxylic Anhydride (1). A
5.090-g portion of perylene (20.17 mmol) was dissolved in 80.57 g
melted maleic anhydride (0.82 mol) at 240°C in a 250 mL two neck
round-bottom flask equipped with stir bar and condenser. The mixture
was brought to a rolling boil and 11.20 g p-chloranil (recrystallized from
acetone) (45.60 mmol) was added in small portions over 10 min. The re-
action was allowed to reflux for 10 min, after which 100 mL of hot xylenes
was added and the flask brought to room T. Then, the thick red precipitate
was filtered off and washed with xylenes and ether (3 x 100 mL each).
Red solids were collected (99%) and boiled in 2:1 ethyl acetate/chloro-
form for 16 h and filtered hot to afford 5.793 g clean, dry product. (85%
recovered). mp > 320°C FT-IR: 1831 cm_l(m), 1816(m), 1785(w),
1766 (s), 1757 (s), 1330 (w), 1293 (s), 1217 (w), 1181 (s).

1-Butylpentylamine (2b). Portions of S-nonanone (5.01 g, 35.2
mmol) and ammonium acetate (27.76 g, 360.1 mmol) were stirred at
room temperature under N, gas in methanol (150 mL) for 90 min.
Sodium cyanoborohydride (1.56 g, 24.8 mmol) was added and the
solution was stirred for 56 h. The reaction was quenched by adding con-
centrated HCI dropwise (7 mL) and concentrated on a rotary evapora-
tor. The white solid was dispersed in water (500 mL) and adjusted to pH
10.5 with KOH. The solution was extracted with methylene chloride
(400 mL). The pale yellow oil (4.32 g 86%) was obtained by
concentrating the CH,Cl, fractions. '"H NMR (400 MHz, CDCl,):
82.56 (m, 1H), 1.36 (s, 2H), 1.09—1.31 (m, 12H), 0.79 (t, ] = 6.6 Hz,
6H). *C NMR (400 MHz, CDCl;) 013.8, 22.7, 28.2, 37.5, 50.9.

1-Pentylhexylamine (2c). Portions of 6-undecanone (5.03 g,
29.5 mmol) and ammonium acetate (20.06 g, 260.2 mmol) were stirred
at room temperature under N, gas in methanol (150 mL) for 90 min.
NaCNBHj (1.12 g, 17.8 mmol) was added and the solution was stirred
for 56 h. The reaction was quenched by adding concentrated HCI drop-
wise (4 mL) and concentrated on a rotary evaporator. The white solid
was dispersed in water (500 mL) and adjusted to pH 10.5 with KOH.
The solution was extracted with methylene chloride (200 mL, 100 mL,
and 100 mL). The pale yellow oil (4.8556 g, 96%) was obtained by
concentrating the CH,Cl, fractions. "H NMR (400 MHz, CDCL,):
02.48 (m, 1H), 1.00—1.24 (m, 18H), 0.70 (t, J = 6.2 Hz, 6H) *C NMR
(400 MHz, CDCly) 013.7, 22.4, 25.6, 31.8, 38.0, 50.9.

1-Hexylheptylamine (2d). A 5.650-g portion of dihexyl ketone
(28.50 mmol) and a 21.97-g portion ammonium acetate (0.2850 mol)
were dissolved in 85 mL methanol under N, for 30 min. 25 mL MeOH
and 1.250 g sodiumcyanoborohydride (19.90 mmol) added to initiate
reduction. The reaction was allowed to continue at room temperature
with vigorous stirring for 48 h. The mixture was quenched with 3 mL
concentrated HCl added dropwise and concentrated via rotary evapora-
tion. The white solid was taken up in 500 mL H,O and brought to pH 10
with KOH pellets. The solution was extracted with 400 and 200 mL
CHCI;. Organics collected, dried over NaSO,, and evaporated to afford
3.6019 g 1-hexylheptylamine as a light yellow oil. (63%) 'H NMR (400
MHz, CDCl3): 62.48 (m, 1H), 0.93—1.25 (m, 22H), 0.69 (t, ] = 6.6 Hz,
6H). "*C NMR (400 MHz, CDCl;) 13.9,22.6,26.1,29.4,31.8,38.2, S1.1.

2-Isopropyl-1H-peryleno[1,12-efglisoindole-1,3(2H)-
dione (3a). A 1.02-g portion of (1) (2.95 mmol) was dissolved in a
solution of isopropylamine (0.5 g, 2.95 mmol) and 150 mL DMA. The

solution was refluxed overnight at 175°C, and then allowed to reach
room temperature. A 230-mL portion of methanol was added and the
red precipitate collected. The solid was boiled out in 1:1 methanol/water
and collected by filtration to afford a 0.86 g of product. Mp.: >320°C
Due to very low solubility no NMR data could be collected. FT-IR:
2925 cm™ ' (w), 2855(w), 1752 (w), 1696 (s), 1353 (m), 1309 (w), 1189
(w), 1050 (m), 1027 (m), 826 (s). Anal.: C,;H;,NO, Calcd., C (83.70),
H (4.42), N (3.62), O (8.26); Found, C (83.12), H (4.48), N (3.56), O
(8.84).
2-(Nonan-5-yl)-1H-peryleno[1,12-efglisoindole-1,3(2H)-
dione (3b). A 1.73-g portion, 5.00 mmol, of (1) was added to a solution
of (2b) (1.33 g, 9.35 mmol) in DMA (100 mL) and refluxed overnight.
The solution was allowed to cool to room temperature and methanol
(230 mL) was added to complete the crystallization. The obtained solid
was dissolved in hot 4:1 toluene/hexane and purified by column
chromatography (silica, toluene/hexane, R = 0.55), and finally boiled
out in 200 mL methanol, leaving (3b) as an orange powder (2.09 g,
89%). Mp.: 226—228°C "H NMR (400 MHz, CDCL,): 69.30 (d, ] =9.2
Hz,2H), 9.09 (d, 7.8 Hz,2H), 8.27 (d, 7.8 Hz, 2H), 8.24 (d, 8.6 Hz, 2H),
8.13 (t, 7.8 Hz, 2H), 440 (sept, 4.8 Hz, 1H), 2.21—2.31 (m, 2H),
1.81—1.91 (m, 2H), 1.33—1.44 (m, 8H), 0.87 (t, 7.3 Hz, 6H) "*C NMR
(400 MHz, CDCL;) 814.2, 22.7, 29.3, 32.7, 52.3, 121.4, 122.8, 1234,
124.2, 1244, 127.0, 1272, 127.3, 1299, 130.0, 132.0, 170.5. FT-IR:
2956 cm ™' (w), 2927 (w), 2859 (w), 1754 (w), 1694 (s), 1393 (w),
1357 (m), 1309 (w), 830 (s). HRMS (ESI): m/z = 471.22 (M)" Anal.:
C33H,oNO, Caled,, C (84.05), H (6.20), N (2.97), O (6.97); Found,
C (83.88), H (6.19), N (3.07), O (6.86).
2-(Undecan-6-yl)-1H-peryleno[1,12-efglisoindole-1,3(2H)-
dione (3¢). A 1.45-g portion, 4.19 mmol, of (1) was added to a solution
of (2¢) (1.50 g, 8.81 mmol) in DMA (100 mL) and refluxed overnight.
The solution was cooled to room temperature, and methanol (230 mL)
was added to complete crystallization of the imide. The obtained solid
was dissolved in hot S5:6 toluene/hexane and purified by column
chromatography (silica, toluene/hexane, Ry = 0.60), and final-
ly boiled out in 1:1 methanol/water (200 mL), leaving (3c) as a yellow
powder (1.81 g, 86%). Mp.: 221—223°C '"H NMR (400 MHz, CDCL,):
09.17 (d,J = 8.7 Hz, 2H), 8.90 (d, 7.8 Hz,2H), 8.15 (d, 8.2 Hz, 2H), 8.12
(d,9.2 Hz, 2H), 8.02 (t, 7.8 Hz, 2H), 4.40 (sept, 5.0 Hz, 1H), 2.21—2.33
(m,2H), 1.82—1.93 (m, 2H), 1.25—1.48 (m, 12H), 0.86 (t, 7.3 Hz, 6H)
13C NMR (400 MHz, CDCl;) 614.2,22.7, 26.8, 31.8, 32.9, 52.3, 121.3,
122.7,123.3, 124.1, 124.2, 126.8, 127.1, 127.2, 129.7,129.9, 131.9, 170.5.
FT-IR: 2956 cm™ ' (w), 2927 (w), 2859 (w), 1754 (w), 1694 (s), 1393
(w), 1357 (m), 1309 (w), 830 (s). HRMS (ESI): m/z = 499.25 (M)"
Anal.: C35Hy3NO, Caled,, C (84.14), H (6.66), N (2.80), O (6.40);
Found, C (84.11), H (6.66), N (2.79), O (6.44).
2-(Tridecan-7-yl)-1H-peryleno[1,12-efglisoindole-1,3(2H)-
dione (3d). A 1.2416-g portion of (1) (3.59 mmol) was dis-
solved in 75 mL DMA in a 250-mL two-neck, round-bottom equipped
with stir bar and condenser. The solution was brought to 125 °C with
stirring to which 1.5643 g (2d) (7.86 mmol) was added. The reaction
was allowed to stir overnight and an orange precipitate formed upon
cooling back to room temperature. A S0-mL portion of CHCl; was
added and 1.5883 g crude product collected. Crude (3d) was washed
with 2 M HC], followed by 75:25 MeOH/H,O0, and then boiled in hot
hexane for 2 h before filtering hot. Recrystallization from hexane yielded
1.4370 g (3d) as a bright orange powder. (76%) Mp.: 186—188 °C 'H
NMR (400 MHz, CDCls): 09.30 (d, J = 7.5 Hz, 2H), 9.09 (d, 7.4 Hz,
2H),8.25 (d, 6.8 Hz, 2H), 8.20 (d, 8.7 Hz, 2H), 8.12 (t, 5.0 Hz, 2H), 4.40
(sept, 1H), 2.20—2.30 (q, 2H), 1.80—1.90 (q, 2H), 1.20—1.45 (m,
16H), 0.82 (t, 6.9 Hz, 6H). ">*C NMR (400 MHz, CDCl;) 614.2, 22.7,
27.1,29.3,31.9,33.0,52.4, 121.4,122.8, 123.4, 124.2, 124.4, 127.0, 127.3,
127.4, 129.9, 130.0, 132.0, 170.5. FT-IR: 2956 cm '(w), 2927(w),
2859(w), 1754 (w), 1694 (s), 1393 (w), 1357 (m), 1309 (w), 830 (s).
HRMS (ESI): m/z = 52829 (M+1)* Anal.: C5;H;,NO, Calcd, C
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(84.22), H (7.07), N (2.65), O (6.06). Found, C (83.85), H (7.09), N
(2.73), O (6.33).
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