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Electronic Interactions betweena-Stacked Chromophores in Nonsymmetric Tertiary
Naphthyl Di- and Polyarylureas
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The synthesis, structure, and spectroscopy of a family of tertiary di- and polyarylureas possessing a naphthyl
and several different arene end groups separated by a variable number of internal phenylenediamine linking
groups are reported. Molecular modeling 8kdNMR chemical shift data are consistent with the formation

of compact, folded structures in which the arene groups adopt a splayed face-to-face geometry. The structure
and solvent dependence of the electronic absorption and emission spectra have been determined and are
interpreted with the aid of ZINDO calculations. The electronic absorption spectra are relatively insensitive to
the choice of arene end group, the number of linking groups, and the solvent polarity. In contrast, the solution
fluorescence is highly dependent upon the structure and solvent polarity. These observations are attributed to
a small change in polarity upon excitation of the ground state to a naphthalene-localized-+andon

singlet state, which can undergo relaxation to a highly polar emissive state with extensive charge-transfer
character.

Introduction CHART 1

. . _ o]
Electronic interactions between thestacked aromatic rings j\ Me Me j\ Me /u\ Me
of chromophore arrays are of interest in studies of both natural )

and synthetic systems. Examples of natural systems include the Me
light harvesting antennae of green plants and photosynthetic ©

bacterid and the z-stacked base pairs of duplex DNA.

Examples of synthetic systems include self-aggregating chro- \ﬂ/ “Me
mophores such as perylenediimitleligomers such as oligo- o
fluorenes}® aromatic foldamer§, and tertiary oligophenyl- N-Me N)L _Me /U\ _Me

ureas)® and multilayered cyclophané&dlost of these examples
involve either repetitive use of a single chromophore or “ @ “
alternating donor and acceptor chromophores. Exceptions
include some multilayer cyclophari®sand DNA conjugates

with donor and acceptor groups at either éhd.

We have investigated ground- and excited-state electronic
interactions in a number of symmetrical tertiary diarylureas and )J\ Me )l\ .Me

oligomeric phenyl ureas containing one to four urea linkéfs!4
These molecules adopt compact folded structures in which the “ C
arenes are loosely-stacked, in preference to extended unfolded

structures. Excitonic interactions between thsetacked chro-

mophores result in blue-shifted absorption and fluorescence \ﬂ/ “Me
spectra. We recently reported the synthesis of several nonsym-
metric tertiary arylureas possessing naphthalene and nitroben- )J\ .Me Me. )J\ .Me

zene end groups in which excitation of the naphthalene
chromophore results in efficient energy transfer to nitroben- “ “
zene!® Our search for urea-basedstacked donerbridge—

acceptor (DBA) systems that might undergo efficient long-range

electron transfer led us to investigate nonsymmetric tertiary ureas \r( “Me

with naphthyl and arene end groups separated by zero, one, or

two internal phenylenediamines (Chart 1). The room-temperature

fluorescence of these systems is strongly dependent upon thepbserved when the end group is an electron donor but not when
choice of end group, the number of arene rings, and the solvent't IS @n electron acceptor.

polarity. The formation of highly polar CT singlet states is Experimental Section

*To whom correspondence should be addressed. E-mail: lewis@ CGeneral.'H NMR spectra for methylated compounds were
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internal standard. Chemical shift§)(are quoted in parts per
million. J values are given in hertz. UWis spectra were
measured on a Perkin-Elmer Lambda 2 Y\Ws spectrometer
using a 1 cmpath length quartz cell. Total emission spectra
were measured on a SPEX Fluoromax spectrometer. Low-
temperature spectra were measured in a Suprasil quartz EPR
tube (i.d.= 3.3 mm) using a quartz liquid nitrogen coldfinger
Dewar at 77 K. Total emission quantum yields were measured
by comparing the integrated area under the total emission curve
at an equal absorbency and the same excitation wavelength as
those of an external standard, 9,10-diphenyl anthrac®ne=(
0.9 at 298 K)!® Emission spectra are uncorrected, and the
estimated error for the quantum yieldsti4 0%. Fluorescence
decays were measured on a PTI Timemaster fluorescence time-
based detection instrument excited with a gated nitrogen-filled
lamp as the excitation source. Nonlinear least-squares fitting
of the decay curves employed the Levenbtikarquardt
algorithm as described by James et’ahnd implemented by
the Photon Technologies International Timemaster (version 1.2)
software. Goodness of fit was determined by judging jthe 4
(<1.2 in all cases), the residuals, and the Durbiatson Figure 1. AM1 minimized structures for naphthylaryluredas-4.
parameter 1.6 in all cases).

INDO/S-CIS-SCF (ZINDO) calculations (26 occupied and J= 9.0, 1H), 7.63 (dJ = 7.5, 1H). MS calcd for ggH2672N4O>
26 unoccupied frontier orbitals) were performed on a PC with Mz 488.5; found, 488.2.
the ZINDO Hamiltonian as implemented by CAChe, release  1,3-Dimethyl-1-naphthalen-1-yl-3-pentafluorophenyl-
6.1.10%8 Calculated absorption spectra @9 are provided  urea (7).*H NMR (CDCls, 500 MHz): 6 3.12 (s, 3H), 3.33 (s,
as Supporting Information. All molecular models used in the 3H), 7.19 (d,J = 8.5, 1H), 7.33 (ddJ = 8.5,J = 8.5, 1H),
semiempirical calculations were based on AM1 optimized 7-45(d,J= 8.5, 1H), 7.48 (dJ = 8.5, 1H), 7.64 (dJ = 8.5,
ground-state geometries by using the MOPAC suite of programs 1H), 7.69 (dJ = 8.5, 1H), 7.75 (dJ = 8.5, 1H). MS calcd for

as implemented under CAChe, release 6.181&ll data-fitting
procedures were carried out by using Origin (version &1).

Materials. The syntheses of 1,1,3-trimethyl-3-naphthalen-1-
ylurea () and 1,3-dimethyl-1-naphthalen-1-yl-3-phenylur2n (
have been previously describ&Procedures for the preparation
of ureas3—9 are provided in Supporting Information.

1-[4-(1,3-Dimethyl-3-naphthalen-1-ylureido)phenyl]-1,3-
dimethyl-3-phenylurea (3).'H NMR (CDClz, 500 MHz): 6
2.75 (s, 3H), 3.04 (m, 6H), 3.24 (s, 3H), 6.11 {d= 8.5, 2H),
6.18 (d,J = 8.5, 2H), 6.61 (d,J = 8.0, 2H), 6.84 (ddJ = 7.5,
J=17.5, 1H), 6.93 (m, 3H), 7.15 (dd, = 7.5,J = 7.5, 1H),
7.31 (m, 2H), 7.48 (dJ = 8.0, 1H), 7.54 (dJ = 7.5, 1H), 7.63
(d, J = 8.0, 1H). MS calcd for ggH»sN4O, m/z 452.5; found,
452.2.

Urea (4).'H NMR (CDCl;, 500 MHz): 6 2.69 (s, 3H), 2.92
(s, 3H), 2.99 (m, 6H), 3.11 (s, 3H), 3.23 (s, 3H), 6.09Jd+
9.0, 2H), 6.18 (dJ = 8.5, 2H), 6.31 (dJ = 8.5, 2H), 6.38 (d,
J=28.5, 2H), 6.70 (dJ = 7.5, 2H), 6.89 (m, 1H), 6.93 (d,=
7.5, 1H), 7.15 (m, 2H), 7.15 (m, 1H), 7.31 (m, 2H), 7.48d,
= 8.0, 1H), 7.53 (dJ = 7.0, 1H), 7.62 (dJ = 7.0, 1H). MS
calcd for G7H3gNsOs mVz 614.7; found, 614.3.

1-(3,4-Difluorophenyl)-1,3-dimethyl-3-naphthalen-1-
ylurea (5). 'H NMR (CDCls, 500 MHz): ¢ 3.09 (s, 3H), 3.32
(s, 3H), 6.21 (d,J = 9.0, 1H), 6.29 (ddd) = 2.0,J=7.5,=
10.0, 1H), 6.49 (ddJ = 18.5,3 = 9.0, 1H), 6.96 (dJJ = 7.5,
1H), 7.22 (ddJ = 7.5, = 7.5, 1H), 7.42 (m, 2H), 7.60 (d
= 8.5, 1H), 7.63 (ddJ = 6.0,J = 1.8, 1H), 7.74 (ddJ = 6.3,
J = 3.5, 1H). MS calcd for @H16FN-O m/z 326.3; found,
326.2.

1-(4-[3-(3,4-Difluorophenyl)-1,3-dimethylureido]phenyl)-
1,3-dimethyl-3-naphthalen-1-ylurea (6)H NMR (CDCl, 500
MHz): 6 2.57 (s, 3H), 2.99 (s, 3H), 3.06 (s, 3H), 3.25 (s, 3H),
6.11 (d,J = 8.5, 2H), 6.27 (dJ = 8.5, 2H), 6.36 (m, 2H), 6.73
(dd,J = 10,3 = 20, 1H), 6.97 (dJ = 7.5, 1H), 7.16 (ddJ =
7.5,J=7.5, 1H), 7.32 (m, 2H), 7.49 (d,= 8.5, 1H), 7.55 (d,

C19H13FsNO m/z 380.3; found, 380.2.

1-[4-(1,3-Dimethyl-3-pentafluorophenylureido)phenyl]-1,3-
dimethyl-3-naphthalen-1-ylurea (8).'H NMR (CDCl;, 500
MHz): 6 2.79 (s, 3H), 2.99 (s, 3H), 3.06 (s, 3H), 3.26 (s, 3H),
6.20 (d,J = 8.5, 2H), 6.33 (dJ = 8.5, 2H), 6.98 (dJ = 7.0,
1H), 7.17 (ddJ = 7.5,3 = 7.5, 1H), 7.32 (m, 2H), 7.49 (d
= 8.0, 1H), 7.54 (dJ = 7.5, 1H), 7.63 (dJ = 7.0, 1H). MS
calcd for GgH23FsN4O, m/z 542.5; found, 542.2.

1-(4-Dimethylaminophenyl)-1,3-dimethyl-3-naphthalen-1-
yl-urea (9). 'H NMR (CDCl;, 400 MHz): 6 2.65 (s, 6H), 3.09
(s, 3H), 3.27 (s, 3H), 6.07 (d = 8.4, 2H), 6.31 (dJ = 8.4,
2H), 6.93 (d,J = 7.2, 1H), 7.20 (m, 1H), 7.35 (m, 2H), 7.52
(m, 1H), 7.67 (m, 2H). MS calcd for £H23N3z0 nV/z 333.4;
found, 333.2.

Results and Discussion

Molecular Structure. The synthesis of the naphthylurehs
and 2 has previously been describ&dDetailed procedures
employed for the synthesis of ure@s-9 are provided as
Supporting Information'H NMR and mass spectral data (see
Experimental Section) are consistent with the assigned struc-
tures.

Gas-phase structures for uredas4 obtained from AM1
calculations are shown in Figure!d The completely folded
conformations are more stable than are conformations in which
the naphthyl ring is in an extended conformation+b§ kcal/
mol. The preference of tertiary di- and polyarylureas for folded
vs extended conformations has previously been observed for
polyphenylureas and polynaphthyluréaghis preference is
steric in origin, nonbonded methymethyl or methyl-aryl
repulsion in the extended conformations being larger than the
face-to-face arytaryl interactions in folded conformations. The
preference for folded vs extended conformations is larger for
the pentafluorophenyr vs phenylure&, and the naphthyt
phenyl plane-to-plane distances are slightly shorterfdihese
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TABLE 1: H NMR Chemical Shifts for Selected Protong
and Calculated Dipole Moment$

0 (ppm)

urea naphthyl K inner phenyl outer phenyl u (D)
1 7.19
2 6.88 6.51,6.66,6.76 3.10
3 6.93 6.11,6.18 6.61,6.93,6.84 261
4 6.93 6.09, 6.18 (6.31, 6.38) 6.70, 6.98,6.89 3.72
5 6.96 6.21,6.29,6.49 1.92
6 6.97 6.11, 6.27 6.34,6.73,6.38 4.28
7 7.19 d 2.08
8 6.98 6.20, 6.33 d 2.48
9 6.93 6.07, 6.31 4.09

aChemical shifts in CBCI solution.? Calculated dipole moment
obtained from ZINDO calculations.Inner phenyl distal from naph-
thalene ® Pentafluorophenyl systems.

Abs Intensity

differences may reflect decreaseetlectron repulsion for the
pentafluorophenyl as a consequence of its inverted electronic
structure, e.g., electron-rich perimeter and electron-poor#ace.
The IH NMR spectra of2—9 in CDsCl are consistent with
folded structures in solution. Chemical shifts for thegtdotons

of the naphthalene and the protons of the phenyl rings are 04

summarized in Table 1. The naphthy} ldrotons are shifted E

downfield in the serie§ > 5 > 2, in order of the electron- 02+

withdrawing abilities of the phenyl, difluorophenyl, and penta- 0.0-.

fluorophenyl groups. The intervening phenyl group$ iand8 T =
insulate the naphthyl group from this shielding effect. Upfield 240 260 280 300 320 340 360 380

shifts are also observed for the inner phenyl rings in uggds

6, and8. The protons of the inner rings are nonequivalent, the

ortho protons nearest the point of attachment to naphthylurea

linker occurring upfield of the other protons. The protons on jngicative of similar polarities for the ground state and Fraack

the second inner phenyl ring df are less shielded than are  cgndon singlet state.

those of the first inner phenyl ring, reflecting the greater  The electronic structure and absorption spectra of 2eds

shielding effect of naphthyl vs phenyl rings. Shielding of the yere investigated using ZINDO calculatichsSelected frontier

puter pher!yl rings also decreases as tr_le distance fro_m n?phthybrbitals for ureas2, 7, and 9 are shown in Figure 3. The

increases in urea&-4. The chemical shifts foB are similar in calculated wavelength, molar absorbance, and character of the

CDsCl and CRXCN solutions, indicating that the preference for |\est singlet states for these diarylureas and the triaryl8rea

folded structures is independent of solvent polarity. are reported in Table 3. A complete set of frontier orbitals and
Ground-state dipole moments (Table 1) were calculated using a table summarizing the calculated properties of the singlet states

the semiempirical HartreeFock intermediate neglect of dif-  for 2—9 is provided in Supporting Information.

ferential overlap method (INDO) as parametrized by Zerner and  The HOMO and LUMO orbitals of ure@ are naphthalene-

co-workers (ZINDO) and implemented in CAChe 6.1'80he localized, as are the HOMO @fand the LUMO 0f9. However,

results are consistent with alignment of the dipoles with the the LUMO of 7 is phenyl-localized and the HOMO & is

carbonyl C=O axis, as is the case for other diarylurea delocalized. In all cases the lowest energy allowed transition is

derivatives™ The calculated dipoles for the diarylureas increase dominated by the HOMOLUMO transition (corresponding to

as the phenyl substituent becomes more donafing < 2 < naphthalenell,),'6 with varying extents of configuration

9. The dipole moment of the triaryluredis smaller than that interaction (Cl) but similar energies (28290 nm). Several

of either the diarylure or the tetraarylured, in accord with  weakly allowed transitions lie at lower energies. In most cases,

molecular dipoles that are determined by the vector sum of the the lowest energy transitions have similar calculated energies

carbonyl dipoles in folded conformations (Figure 1). (318-319 nm) and are naphthalene-localized with more exten-
Electronic Absorption Spectra. The electronic absorption  sive Cl (corresponding to naphthaletsy). At slightly higher

spectra of urea$—9 in methylcyclohexane solution are shown energies are found transitions that can be described-astty

in Figure 2. A well-resolved long wavelength band-~a290 (urea-localized to delocalized) with extensive CI involving

nm is observed for the diarylure@s5, 7, and9. In the case of HO-5 and similar filled orbitals and L&#4 and similar vacant

9 a second maximum is observed at 265 nm. The 290 nm bandorbitals (Figure 3). In the case @fthe lowest energy transition

appears as a shoulder on the stronger 260 nm bands of the triis described by ZINDO as having delocalized*hcharacter

and tetraarylureas, 4, 6, and8. The spectra of the tetraarylureas (urea—fluorobenzene delocalized to urefiuorobenzener-an-

can be fit well by the sum of two Gaussians with maxima at tibonding). The 260 nm band present in the spectrur@ ahd

298 and 253 nm. The spectra of di- and triarylureas with phenyl, in the deconvoluted spectra 8f 4, 6, and 8 are assigned to

difluorophenyl, and pentafluorophenyl end groups are similar sz7* transitions localized on the phenyl rings. They have energy

in band shape. Absorption maxima far-9 in the solvents and intensity similar to the corresponding transitions of the

methylcyclohexane (MCH), 2-methyltetrahydrofuran (MTHF), analogous polyphenylureés.

and acetonitrile (MeCN) are summarized in Table 2. Only small ~ ZINDO calculations were also carried out on the extended

solvent-induced shifts in the absorption maxima are observed, conformer of3. The naphthalene-likéL, and 1L, transitions

Wavelength (nm)
Figure 2. UV—vis absorption spectra in MCH for ureds-9.
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TABLE 2: Absorption and Fluorescence Data for the
Naphthylarylureas

urea solverit Aaps(nm) Ag (nmf  ®:¢  7s(nsf ki (107 s 1)d

1 MCH 296 359 0.03 11 2.7
MTHF 296 367 0.09 1.2 7.5
MeCN 294 374 0.016 0.67 2.4
2 MCH 293 358 0.011 1.9 0.58
MTHF 294 406 0.012 3.0 0.40
MeCN 294 441 0.015 6.4 0.23
3 MCH 298 421 0.011 23 0.48
MTHF 262 (297) 485 0.010 538 0.17
MeCN 299 355 0.052 0.6
4 MCH 262 424 0.009 31 0.29
MTHF 263 395 0.004 43
484 0.007 6.3 0.32
MeCN 263 532848 0.002 LU (56)
5 MCH 292 358 0.18 0.80 225
MTHF 290 364 0.024 56 0.43
MeCN 292 376
6 MCH 297 416 0.017 16 1.0
MTHF 297 477 0.011 65 0.17
MeCN 296 527
7 MCH 290 354 0.02 2.7 0.74
MTHF 290 372 0.002 3.0 HO (55) HO (70)
MeCN 289 372 3.6
8 MCH 292 372 0.004 o .
MTHF 298 452 0.005 16 0.31 izl
MeCN 300 355
9 MCH 263 (299 358 0.01 25
458 0.02 54 0.37
MTHF 265 (299 361
543 2.9
MeCN 265 (300) 361 HO-5 (50) HO-4 (66) HO-6 (58)

aMCH = methylcyclohexane, MTHE= 2-methyitetrahydrofuran, Figure 3. Selected ZINDO molecular orbitals for (2) (b) 7, and (c)

MeCN = acetonitrile.” Absorption maxima obtained from the absorp-

tion spectrum of the sum of two Gaussian ban8; > 0.999.  1ap| £ 3: Calculated Properties of Selected Singlet Statés
Fluorescence emission maxima, quantum yields, and decay times

determined for deoxygenated solutions at room temperdtiien- urea state A (nm) A character
rescence decay time = ®¢(rs ). 2 S, 319 1033 Npz,7* 1Lp

S, 316 337 urea m* Cl
are more localized than is the case for the folded transitions. Ss 290 16230 Npz,7* La
Other more delocalized frontier orbitals are confined to the 3 S 318 964 Npr,* Ly
diphenylurea portion of the molecule. Thus, the extended S 314 872 urean>Cl
conformer is expected to display absorption and emission spectra 234 gég ﬁgg ﬁ:ﬁgrvéh%l
characteristic of the parent naphthaléheg state. S 288 17283 Npz,7* La

Room-Temperature Fluorescence SpectraThe fluores- 7 S, 319 1019 ,0% Cl

cence spectra of ure@s-9in MCH, MTH, and MeCN solution S 313 478 Npz,7* Ly
at room temperature are shown in Figure 4, and fluorescence S 301 758 f5 7z, 7" Cl
maxima are summarized in Table 2. The fluorescence spectra Z %gg 12%%)23 NP'E’Z'TL cl
of 1 and2 have been reported previousfy:>Dual fluorescence 9 S 319 1001 Ng_T M Ar 2 CI
is observed in some solvents f& and for the tri- and S, 315 306 urea og* Cl
tetraarylureas, consisting of a short wavelength band having a S 297 1966 aniliner,7*
maximum that is weakly dependent upon solvent polarity and S 290 15030 Npr,* 'La

a long wavelength band that is strongly solvent-dependent. Plots  a sjnglet state energies, molar absorbance, and character based on
of the solvent-dependent emission maxima vs the Lippert ZINDO calculations. See Figure 8Np z,7* L, is a naphthalene-
Mataga solvent polarity parametaf, localized state with CI between twwe,7* transitions. Urea mg* is
dominated by several transitions from delocalized urea nonbonding
2 orbitals to delocalizedr orbitals (e.g., HG-5 to LU+4 for 2) with
A=l _n—1 (1)  extensive Cl. Npzz* 'Lq is the HO-LU transition. 70" Cl is
2+1 gf4+2 dominated by several transitions from bonding to antibonding-tirea

fluorophenyl (e.g., HG-4 to LU+4 for 7). Np-DMA is dominated by
several transitions involving delocalizedbonding and antibonding
orbitals.

are shown in Figure %

The appearance of the fluorescence spectra (Figure 4) is
dependent upon the nature of the aryl substituents, the numbeiis dominated by a long wavelength band, which is significantly
of aryl rings, and the solvent polarity. The spectra of urbas  red-shifted when compared to the spectra of the other diarylureas
2, 5 and 7 in MCH are broadened and red-shifted when (the shorter wavelength band will be discussed later). The
compared to the fluorescence of naphthalehe= 322 nm). emission spectra of the tri- and tetraarylur8ad, 6, and8 in
Weak vibronic structure is observed in MCH solution only for MCH solution have maxima between those9adind the other
the fluorescence d. The fluorescence spectrum ®fn MCH diarylureas. The long wavelength emission maxima in the
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serves as an electron acceptor and dimethylaniline serves in its
usual role as an electron donor. The smaller solvent-induced
shifts observed for the tri- and tetraarylureéadgl, 6, and8 are
consistent with the central phenylenediamine serving as a weaker
electron donor than dimethylaniline. The electron-withdrawing
effect of the urea carbonyl groups on both of the phenylene-
diamine nitrogens should render it a weaker donor than the
dimethylaniline end group d. The fluorinated diarylureas
and7 display very small solvent-induced shifts, similar to those
for 1, in accord with the inability of the fluorinated benzene
derivatives to serve as electron donors. In summary, both the
emission maxima in the nonpolar solvent MCH and the solvent-
induced shifts in the more polar solvents MTHF and MeCN
are consistent with emission from singlet states with varying
degrees of CT character, determined by the electron-donating
ability of the arene ring adjacent to naphthalene which follows
the order aniline> phenylenediamine phenyl> fluorophenyl.

In the case of the tri- and tetraarylureas, the maxima in MCH
and the solvent-induced shifts are similar &r4, and6. The
shorter wavelength for the maximum &fin MCH can be
attributed to the stronger inductive electron-withdrawing effect
of the pentafluorophenyl grou.

The fluorescence spectrum 6fin MCH solution and the
spectra of several of the other diarylureas in MTHF or MeCN
display short wavelength bands with maxima similar to that of
1. In the case oft in MTHF and9 in MeCN, the ratio of these
bands is dependent upon the excitation wavelength, excitation
in the red-edge of the absorption band (2800 nm) favoring
the short wavelength emission and excitation near the absorption
maximum (260 nm) favoring the long wavelength emission. The
excitation wavelength dependence of the ratio of short vs long
wavelength bands is indicative of the presence of two emissive
ground-state species. Similar dual fluorescence has been ob-
served for tertiary dipyrenylureas in MTHF and was attributed
to low populations of extended conformations of the diary-
lureast?

Low-Temperature Emission Spectra.The total lumines-

moderately polar solvent MTHF are red-shifted with respect to cence spectra of ure@sand3 in MTHF glasses at 77 K are
those in MCH, the magnitude of the solvent-induced shifts being shown in Figure 6. The weak structured long wavelength

smaller forl, 5, and7 than for the other ureas (Figure 5). Further

emission observed for all of the arylureas is attributed to

red-shifts are observed in MeCN solution for some of the ureas naphthalene-localized phosphorescence. The shorter wavelength

but not for3, 8, and9.

emission of2 (Figure 6a) is attributed to naphthalene-localized

The large solvent-induced fluorescence shift observed for ureafluorescence. Similar short wavelength spectra are observed for

9 in MTHF is indicative of a fluorescent singlet state having
extensive charge-transfer (CT) charaéfén which naphthalene

1, 5, 7, and 8. The effect of temperature on the fluorescence
spectra of2 is similar to that previously observed for the
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SCHEME 1 The gas-phase ZINDO calculations indicate the presence of a
 Sn(Np m.ms) weaker naphthalene-localized low-energy transition with ex-
tensive Cl for2—9. These transitions are similar in character
ic ) to the naphthalenélL transition. The small solvent-induced
S ' G shifts for 1, 5, and7 in fluid solution (Figure 5) is consistent
T4 (Np m.m+) with fluorescence from &L, state in solution and for all of the
fluor ureas in low-temperature glasses. The short wavelength fluo-
rescence bands & 4, 8, and9 can be attributed to th&.,
phos state of the extended (minor) conformers.
460 nm A naphthalene-localized state cannot, however, account for
the pronounced solvent-induced shifts observed for the other
Y arylureas. Low-energy singlet states such afo69 and S for
3, 4, and 6 (see Supporting Information) appear to be likely
analogous tertiary dinaphthyluréaEvidently the red-shifted  candidates for the fluorescent singlet state (Table 3). On the
emission observed in fluid solution requires a large-amplitude pasis of ZINDO calculations, these states are expected to have
change in the geometry of the locally excited singlet state prior sjgnificant naphthalerearene CT character, in accord with their
to fluorescence. The relaxed singlet presumably has a morejgrge solvent-induced shifts. Their low calculated oscillator
sandwich-like excimer geometry rather than the splayed-ring strengths are consistent with the relatively small valuek; of

geometry of the ground state. The fluorescence specti& of calculated from the fluorescence quantum yields and decay times
(Figure 6b) and (spectrum not shown) at 77 K are broad and (Taple 2).

asymmetric when compared to that 2f This may reflect The low fluorescence quantum yields for the naphthylary-
stronger electronic coupling of naphthalene with the internal |yreas require the presence of a relatively efficient nonradiative
phenylene diamine rings & and6 vs the phenyl group o2. decay pathway for the fluorescent singlet state. The low quantum

_Fluorescence Quantum Yields and Lifetimes Quantum yields for phosphorescence at 77 K suggest that intersystem
yields for room-temperature fluorescence and fluorescence deca%rossing is not a significant decay pathway. The decrease in
times for uread—9 are reported in Table 2. The quantum yields  fjyorescence intensity observed in MeCN solution may reflect
and decay times for both componentsdah MTHF and9in more rapid decay of singlet CT states via charge recombination
MCH are reported. In all other cases data for the_ Major iy polar solven® We have previously reported that tertiary
component are reported. The fluorescence quantum yields fordinaphthylureas undergo intramolecular naphthalene-[2]
the long wavelength fluorescence bar_1ds are generally quite Sma”photodimerizatioﬁ.“ Nonsynchronous G-C; bonding was
(=0.02), whereas larger quantum yields are observed far suggested to yield biradical intermediates that could either
all solvents and for the short wavelength component8 f proceed to products or revert to starting materials. The
MeCN and5 in MCH. The fluorescence decay times are in the pnotochemical behavior of the naphthylarylureas has not been
range 0.6-6.5 ns and display no consistent pattern that can be investigated. However, naphthyaryl bonding might provide

correlated with urea structure or solvent polarity. an efficient singlet state nonradiative decay pathway2fe®.
Fluorescence rate constants can be calculated from the

quantum yields and Iifetime_ d.ata for the long vs{avele.nth Concluding Remarks
fluorescence components if it is assumed that this emission
occurs from folded conformational isomers that absorb most These results provide the first examples of excited state
of the 300 nm excitation used for the quantum yield measure- charge-transfer luminescence from nonsymmetric di- and poly-
ments. The calculated valueskefor 2—9 (excepting the value ~ arylureas. The substituent and solvent dependence of the
for 5in MCH) lie in the range (0.21.0) x 107 s~1. Again, no fluorescence maxima is indicative of luminescence from a CT
consistent correlation with structure or solvent polarity is state in which naphthalene serves as an electron acceptor and
observed. These values are somewhat shorter than the valuéhe arene as an electron donor. We had anticipated that a locally
for 1 or for the tertiary dinaphthyluredéThese differences may ~ excited naphthylurea singlet state might serve as an electron
reflect a change in the character of the emissive singlet state,donor, as is the case for aminonaphthalefidsowever, CT
as discussed below. fluorescence is observed with dimethylaniline and phenylene-
The fluorescence and phosphorescence quantum yiel@s for diamine donors but not with di- or pentafluorobenzene acceptors.
at 77 K in MTHF are 0.31 and 0.02, respectively, and the We previously reported that naphthylureas with nitrobenzene
phosphorescence decay time is 114 Bhe low phosphorescence ~ acceptors are nonfluorescent as a consequence of the presence
quantum yield and long decay time are similar to those of Of nitrobenzene-localized low-energy dark singlet st&teST
unsubstituted naphthalefe. luminescence has been observed in preliminary studies of
Formation and Decay of the Fluorescent Singlet Statélhe naphthylureas with 4-cyanobenzene or 3,4-dicyanobenzene
photophysical behavior of the folded tertiary naphthylarylylureas acceptorg?
can be summarized in the state energy diagram shown in Scheme The luminescence from the tri- and tetraarylureas in this

1. The lowest energy allowed transitions2f9 are identified investigation can be assigned to CT states in which naphthalene
by the ZINDO calculations as a naphthalene-localized* serves as an electron acceptor and the adjacent bridging phenyl
transitions, dominated by the H@ U one-electron configura-  as an electron donor. There is no evidence for more extensive
tion, similar in character to the naphthalefe, transition. charge delocalization in the excited state8@nd4. It would

Excitation near the 300 nm maxima or shoulders in the be interesting to investigate electronic interactions in analogues
absorption spectra (Figure 2) most likely populates this upper of 3 and4 possessing a dimethylaminophenyl donor distal to
singlet state $(n = 3—7, depending upon the number of aryl naphthalene in order to determine if the initially formed CT
groups in2—9). state would relax to a charge-separated state.

The identity of the fluorescent states is less certain and most  Finally, it is noted that the electronic interactions in tertiary
likely depends on the choice of aryl group and solvent polarity. polyarylureas are more complex than thosa-stacked systems
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connected by-bonded linkerd:1°ZINDO calculations indicate

that the molecular orbitals and excited states are not rigorously

Delos Santos and Lewis
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