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In the present contribution, wavelength has been used as a tunable parameter to achieve selective control of
the photophysics of two novel asymmetric bichromophoric dyads composed of naphthalene units, i.e.,
6-methoxynaphthalene (NPX) and 1-methylnaphthalene (NAP) derivatives, with different electronic properties,
connected by an amide space®§ and S,R-NPX-NAP]. As model systems, relevant monochromophoric
compounds (NPX-M and NAP-M) have also been investigated. While upon excitation at 325 nm the light
energy remained in the NPX moiety, at 290 nm an efficient singdetglet energy transfedsser of about

97%) from the NAP unit to the NPX chromophore dominated. A remarkable stereodifferentiation was observed
in the excited-state quenching by triethylamine via exciplex formation. The results demonstrate that it is
possible to control configuration-dependent interactions in the excited state by wavelength tuning. This can
be rationalized through intramolecular interactionstalystems leading to modulation of the redox properties.

Introduction several parameters, such as temperature, pressure, or solvent;
Wavelength has been used as a tunable parameter to gairl the solid phase the chiral information can also be provided

selective control of photophysical and photochemical procésses. PY @ rigid environment™1in this context, it would be highly

Wavelength-dependent photophysics and/or photochemistry haglesirable to control configuration- or conformation-dependent

been clearly demonstrated in a number of exampfe¥ The interactions in the excited state by adequate selection of the

case of bi- (or poly-) chromophoric compounds is of particular €xcitation wavelength. To our knowledge, this possibility has

interest, in connection with the possibility of light absorption been explored only for few examples}103despite its potential

at a specific chromophore, keeping it localized until finishing interest.

the photochemical reaction. This is the origin of so-called  Several factors are known to control the kinetics of excited-

“orthogonal” photochemistr§:> state interactions via electron transfer, exciplex formation,

Recently, asymmetric photochemistry has attracted consider-pyqrogen transfer, or energy transtrl? Extensive investiga-
able attentiort™*2Its control can be achieved by variation of tions have been devoted to stéfi@! or stereoelectronic

* To whom correspondence should be addressed. M.A.M.:+&4 96 effects?~** spin multiplicity #*-2*and _eleCtroniC (_affeCt%l"zs_zs.
3877 807; fax,+34 96 3877 809, e-mail, mmiranda@qim.upv.es. U.P.: In our recent research we became interested in the question of

tel, +351 22 608 2885; fax}-351 22 608 2959; e-mail, upischel@fc.up.pt.  \whether chirality might influence the quenching of excited states.
T Instituto de Tecnolo@ Quimica, Universidad Politnica de Valencia. o tual hincludes the desi f diast .
+ REQUIMTE/Departamento de Quica, Faculdade de Gieias, Uni- ur conceptual approach incluaes the design of diastereomeric

versidade do Porto. dyads, among them benzophenone/hydrogen donor and naph-

10.1021/jp047996a CCC: $30.25 © 2005 American Chemical Society
Published on Web 03/04/2005




2712 J. Phys. Chem. A, Vol. 109, No. 12, 2005

CHART 1
CHs
H (S,R)-NPX-NAP
N R'=CHy; R?=H
H y (S,5)-NPX-NAP
1oy p2 =
CH,0 R'=H; R?=CH,
CHs
; N\/
NPX-M
H
CH;0
NAP-M

thalene/electron donor combinatiof¥s3® For the majority of
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the excitation wavelength was kept around 0-8-Methoxy-
o-methyl-2-naphthaleneacetic aci®fnaproxen] in acetonitrile
was used as the fluorescence standafd € 0.47 under
nitrogen)#

Synthesis of the Dyads and the Model Compoundsihe
synthesis of the dyads was accomplished by reaction of 0.8
mmol (S§)-6-methoxyei-methyl-2-naphthaleneacetic acidSi{
naproxen] with 1 mmol - or (R)-(1-naphthyl)ethylamine in
10 mL of dry dichloromethane. 1-(3-Dimethylaminoprophb-
ethylcarbodiimide hydrochloride (EDC, 1.0 mmol) was used
for the activation of the acid. After standard workup, the
compounds were purified by flash chromatography (ethyl
acetataf-hexane, 7:3).

Model compound NPX-M was synthesized by reaction of 0.8
mmol (S)-6-methoxyei-methyl-2-naphthaleneacetic acid with
1.0 mmol diethylamine in the presence of 1.0 mmol EDC in 10
mL of dry dichloromethane. The preparation of NAP-M was
accomplished by reacting 0.9 mm®&)¢(1-naphthyl)ethylamine
with a slight excess of acetyl chloride (1.1 mmol) in the presence
of 1.2 mmol triethylamine in 10 mL of dry dichloromethane.
After standard workup, the products were purified by flash
chromatography (ethyl acetatdiexane, 7:3). All compounds

the investigated dyads, pronounced diastereodifferentiation has,gre subsequently recrystallized from mixturesidfexane and

been observed, albeit the size of the effect is dependent on thegichioromethane and characterized By and 3C NMR
conformational and thermodynamic requirements of each sys-gpectroscopy and elemental analysis.

tem.

In the present contribution, we report on the photophysics of
two novel asymmetric and bichromophoric dyads (NPX-NAP)
composed of naphthalene units with different electronic proper-
ties, connected by an amide spacer (cf. Chart 1). As model
systems, the relevant monochromophoric compounds NPX-M
and NAP-M (cf. Chart 1) have been investigated. The signifi-
cantly different absorption spectra of both naphthalene units
allow for selective or at least preferential excitation of one or
the other chromophore in the dyads. A remarkable influence of
the chiral information onintermolecular exciplex-induced
guenching by triethylamirfé-44 has been observed.

Experimental Section

Materials. All materials for the synthesis of the dyads and
model compounds were purchased from Aldrich and used
without further purification. n-Hexane as the solvent for

2(S)-(6-Methoxynaphth-2-yl)-N-[(1(S)-naphth-1-yl)ethyl)]pro-
pionamide [(S,S)-NPX-NAPIH NMR (300 MHz, CDC}) &
(ppm): 1.55 (d,J = 6.8 Hz, 3H, CH), 1.57 (d,J = 7.2 Hz,
3H, CHs), 3.68 (q,J = 7.2 Hz, 1H, CH), 3.88 (s, 3H, CiD),
3.68 (s, 1H, NH), 5.84 (q) = 6.8 Hz, 1H, CH), 7.057.13
(m, 2H, arom. CH), 7.1#7.43 (m, 5H, arom. CH), 7.517.63
(m, 3H, arom. CH), 7.68 (d] = 8.1 Hz, 1H, arom. CH), 7.77
(d,J=8.1Hz, 1H, arom. CH), 7.91 (d,= 8.3 Hz, 1H, arom.
CH). 13C NMR (75 MHz, CDC}) 6 (ppm): 18.5 (CH), 20.8
(CHs), 44.9 (CH), 47.1 (CH), 55.3 (C40), 105.6, 118.9, 122.3,
123.4, 125.0, 125.7, 126.0, 126.2, 126.3, 127.4, 128.1, 128.6
(arom. CH), 128.9 (arom. C), 129.2 (arom. CH), 131.0, 133.7,
133.8, 136.3, 138.3, 157.7 (arom. C), 173.1 (CO). Anal. Calcd
for CoeH2sNO2: C, 81.43; H, 6.57; N, 3.65. Found: C, 81.59;
H, 6.60; N, 3.68.
2(S)-(6-Methoxynaphth-2-yl)-N-[(1(R)-naphth-1-yl)ethyl)]pro-
pionamide [(S,R)-NPX-NAPTEH NMR (300 MHz, CDC}) ¢

absorption and fluorescence measurements was of spectroscopiepm): 1.45 (d,J = 6.4 Hz, 3H, CH), 1.52 (d,J = 7.0 Hz,

quality from Merck. Silica gel (236400 mesh) from Scharlau
was used for column chromatography. Ethyl acetate and
n-hexane from Scharlau were the eluting solvents for flash
chromatography. Triethylamine (99%) from Aldrich was used
as received.

Spectroscopic MeasurementdJV/vis absorption measure-

3H, CHs), 3.55 (q,J = 7.0 Hz, 1H, CH), 3.87 (s, 3H, CGiD),
5.79 (s, 1H, NH), 5.86 (q) = 6.4 Hz, 1H, CH), 7.07#7.15
(m, 2H, arom. CH), 7.2#7.51 (m, 5H, arom. CH), 7.57 (s,
1H, arom. CH), 7.62 (dJ = 8.9 Hz, 1H, arom. CH), 7.67 (d,
J=8.5Hz, 1H, arom. CH), 7.72 (dd,= 7.6 Hz,J = 1.5 Hz,
1H, arom. CH), 7.79-7.85 (m, 1H, arom. CH), 8.668.07 (m,

ments were performed on a Shimadzu UV-2101PC spectrometer1H, arom. CH).23C NMR (75 MHz, CDC}) 6 (ppm): 18.6
Fluorescence emission and excitation spectra were recorded ofCHs), 20.4 (CH), 44.8 (CH), 46.9 (CH), 55.3 (C49), 105.7,

a Photon Technology International (PTI) LPS-220B fluorimeter. 119.1, 122.5, 123.4, 125.1, 125.7, 126.0, 126.1, 126.4, 127.4,
All spectra, except for relative measurements of fluorescence 128.2, 128.6 (arom. CH), 128.9 (arom. C), 129.2 (arom. CH),
quenching, are corrected for the instrument response. Lifetimes131.0, 133.6, 133.8, 136.5, 138.3, 157.6 (arom. C), 173.0 (CO).
were measured with a lifetime spectrometer (TimeMaster Anal. Calcd for GeH2sNOz: C, 81.43; H, 6.57; N, 3.65.
fluorescence lifetime spectrometer TM-2/2003) from PTI by Found: C, 80.92; H, 6.74; N, 3.73.

means of the stroboscopic technique, which is a variation of  N,N-Diethyl-2(S)-(6-methoxynaphth-2-yl)propionamide (NPX-
the boxcar technique. As the excitation source, a hydrogen/M). IH NMR (300 MHz, CDC}) 6 (ppm): 0.99 (tJ = 7.2 Hz,
nitrogen flashlamp (1.8 ns pulse width) was used. The kinetic 3H, N—CH,CHs), 1.09 (t,J = 7.2 Hz, 3H, N-CH,CH3), 1.50
traces were fitted by monoexponential decay functions using a(d, J = 6.8 Hz, 3H, CH), 3.10 (dg,J = 14.0 Hz,J = 7.2 Hz,
reconvolution procedure to separate from the lamp pulse profile. 1H, N—CH,), 3.27 (dqJ = 14.0 Hz,J = 7.2 Hz, 1H, N-CHy),

Measurements were done in-dutgassed-hexane at room
temperature (23C) in cuvettes of 1 cm path length. For

3.37 (dg,J = 14.0 Hz,J = 7.2 Hz, 1H, N-CH;), 3.54 (dq,J
= 14.0 Hz,J = 7.2 Hz, 1H, N-CH,), 3.90 (s, 3H, CHO),

fluorescence quantum yield measurements, the absorbance &.94 (q,J = 6.8 Hz, 1H, CH), 7.0#7.15 (m, 2H, arom. CH),
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Figure 1. Absorption spectra of the model compounds NPX-M (full Al nm

line) and NAP-M (dashed line) in-hexane. The arrows indicate the  Figure 2. Normalized absorption (left) and fluorescence spectra (right)
two selected wavelengths for specific excitation of one or the other of (a) NAP-M and (b) NPX-M inn-hexane. The fluorescence spectra
chromophore. The inset shows the summed up spectra of the modelwere obtained withlex, = 290 nm. The inset in panel a shows the
compounds (full line) and the spectrum &%-NPX-NAP (dashed normalized fluorescence spectrum (left) and the forbidden absorption
line), both normalized to 1 at 333 nm. band at 313 nm (right). From the intersection, thedexcitation energy
(Eo-o) was extracted.
7.40 (dd,J = 8.5 Hz,J = 1.9 Hz, 1H, arom. CH), 7.62 (s, 1H,
arom. CH), 7.68 (dJ = 3.2 Hz, 1H, arom. CH), 7.70 (d, =
3.0 Hz, 1H, arom. CH)}*¥C NMR (75 MHz, CDC}) 6 (ppm):
12.9 (N-CH,CHj3), 14.3 (N-CH,CH3), 21.0 (CHy), 40.3 (N—
CHy), 41.7 (N-CHy), 43.1 (CH), 55.4 (ChHO), 105.7, 118.9,
125.5, 126.3, 127.4, 129.2 (arom. CH), 129.3, 133.5, 137.7,
157.6 (arom. C), 172.9 (CO). Anal. Calcd fofg8,3NO,: C,
75.76; H, 8.12; N, 4.91. Found: C, 75.57; H, 8.10; N, 4.90.
N-[(1(R)-Naphth-1-yl)ethylJacetamide (NAP-M}H NMR
(300 MHz, CDC%) 6 (ppm): 1.67 (dJ = 6.6 Hz, 3H, CH),
1.97 (s, 3H, COCH), 5.66 (s, 1H, NH), 5.92 (q) = 6.6 Hz,
1H, CH), 7.42-7.59 (m, 4H, arom. CH), 7.80 (d,= 7.7 Hz,
1H, arom. CH), 7.87 (dJ = 7.7 Hz, 1H, arom. CH), 8.10 (d,
J = 8.3 Hz, 1H, arom. CH)13C NMR (75 MHz, CDC}) ¢ 004
(ppm): 20.7 (CH), 23.4 (COCH), 44.7 (CH), 122.6, 123.5, 300 330 360 390 420 450
125.2, 126.8, 127.7, 128.5, 128.8 (arom. CH), 131.2, 134.0, 2/ nm

138.2-(ar0m. C.Z), 168.9 (CO). A_‘nal' CalCd_ f0ﬁ4615NO: C, Figure 3. Normalized absorption (left) and fluorescenée{= 290
78.84; H, 7.09; N, 6.57. Found: C, 78.35; H, 7.32; N, 6.67. nm, right) spectra of§R)-NPX-NAP in n-hexane.
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Results and Discussion preferentially each of the chromophores. These absorption

UV/Vis Absorption Properties. The absorption spectra of features h_ave consequences for the wavelength-dependent
both model compounds NPX-M and NAP-M mhexane are ~ Photophysics of NPX-NAP.
shown in Figure 1. Both chromophores display fine-structured ~ Fluorescence MeasurementsThe fluorescence spectra
absorption bands, typical for naphthalene and derivafivés.  obtained upon excitation of the model compounds-imexane
The spectrum of the bichromophoric dyz8S)-NPX-NAP is at 290 nm showed typical fine-structured bands, but with
shown in the inset of Figure 1 and compared to the sum of the different maxima (cf. Figure 2>4¢For NAP-M the maximum
spectra of the model compounds. It can be clearly seen that thewas found at 321 nm. On the other hand, the fluorescence
spectra of the bichromophoric dyads are a superposition of themaximum of NPX-M was shifted to 347 nm.
absorption spectra of the respective model compounds NAP-M  Strikingly, upon excitation at 290 and 325 nm the fluores-
and NPX-M. This is indicative of the absence of any ground- cence spectra of the bichromophoric dyads solely displayed an
state interaction between both chromophores. Furthermore, noemission band centered at 347 nm (cf. Figure 3). This
significant differences in the spectra of both diastereomeric fluorescence can be unambiguously identified as originating
dyads were noted,; i.e., chiral information has significant impact from NPX, based on comparison with the model compounds.
on neither the spectral distribution nor the oscillator strength The latter observation indicates that when the major part of the
of the zr,7*-transitions. excitation energy afexc = 290 nm is absorbed by NAP, an

A comparison of the spectra of the naphthalene model efficient singlet-singlet energy transfer from NAP to NPX must
compounds revealed two favorable wavelengths for the excita- happen in the dyads (see below).
tion of the NPX-NAP dyads: 290 and 325 nm (arrows in Figure ~ From the intersection between normalized absorption and
1). At 325 nm, exclusively NPX was excited, since NAP has emission spectra of the dyads NPX-NAP, an excited singlet state
no absorption at this wavelength. On the other hand, at 290 nmenergy Eo-o) of 3.70 eV can be extracted for both diastereo-
NAP absorbed the main fraction of photons (compakg = mers. This value compares favorably with the one determined
4884 and 1058 M! cm! for NAP-M and NPX-M, respec- for the model compound NPX-M (3.70 eV) and the reported
tively). This enabled us to excite specifically or at least value of 3.69 eV for §-naproxert’ The Ey—¢ of the model
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TABLE 1: Photophysical Parameters of the Dyads and the with
Relevant Model Compounds
290
D¢ D /ns i/ns ENAP-M _ >
(Aexc = (/lexc = (/Iexc = (/lexc = 290 + 290 =038
290nm¥y  325nm} 290 nmP 325 nmp ENAP-M T ENPX-M
(S9-NPX-NAP  0.34+0.02 0.59+ 0.03 13.2 13.4 and
(SR-NPX-NAP 0.34+0.02 0.61+ 0.02 13.2 134
NPX-Me 0.35+£0.02 0.62+0.02 14.1 14.4 290
NAP-M¢ 0.18+0.01 52.7 ENPX-M —018
2 Fluorescence quantum yield in deaerated acetonitrile, measured with e,z\,%)p_M + E,%,gp(;(_M
(9-naproxen as the standard; see Experimental Seétfinorescence
lifetime measured at.ps= 347 nm in deaerated acetonitrile; measured Tane =T 1—® 2
with single-photon-counting; 5% errd(S-enantiomer? (R)-enanti- NAP nap-m( ssev )
omer. 1 1
Ksser= - 3)

InaP  TNAP-M
NAP-M, 3.93 eV, is in excellent agreement with the value for

1-methylnaphthalene (3.90 e¥)From these data it becomes .o noounds, the lifetime of NAP-M, and the fluorescence

clear that smglletsmglet energy transfer from NAP to NPX is quantum yield of NPX-M fexc = 290 nm), the following

thermodynamically favored\Gsser= —0.23 eV). lifetime zyap and rate constarksserare calculated for the two
To account for the quantification of radiative processes in diastereomeric dyads NPX-NARnap = 1.8 ns;ksser= (5.3

the dyads, fluorescence quantum yields and lifetimes were £ 0.3) x 10® s™1. These data are the same for both dyads.

measured for both model compounds and bichromophoric dyads.According to eq 1, the quantum yield of energy transfer amounts

The data are compiled in Table 1. to about 97%£3%) indicating a high efficiency of the process.

The photophysical data for NPX-M and NAP-M are in good Due to the almost quantitative energy transfer, no residual
agreement with those reported for their respective parent fluorescence of NAP can be seen in the fluorescence spectra of

_ _ . the dyads.
chromc_)p_horses, €.g., naproxedy(= 0.47 anftf 10.8 ns,_m The calculation of the spectral overlap integrals for singlet
acetonitrilef® and 1-methylnaphthaleneb( = 0.26 andz; = singlet energy transfer in our dyads yielded the following values
67.0 ns; in cyclohexanédy. By comparing the fluorescence g oy yaasy 9

. . . for the application of the Fster Jy; inole) OF Dexter
quantum yields in Table 1, two conclusions can be drawn: (1) bp Gaipole cipole Gexchang

. - mechanism: Jgipole-dipole = 1.23 x 10712 cmf mol™L, Jexchange
the fluorescence quantum yield upon excitation of the dyads at _ 2.07 x 104 cm17 The Faster theory defines a critical

290 nm is ca. 2 times larger than the quantum yield of the yig1ance Ry), where the energy transfer probability is 50% (eq
NAP-M modellcompound apq is practically identical with that 4), which was estimated tB, = 16.9 A for the investigated
of NPX-M, indicating an efficient energy transfer, and (2) the dyads NPX-NAP. Molecular modeling (AM1) of the dyads
fluorescence quantum yields of the dyads and NPX-M are larger resyited in a center-to-center distance of ca. 6.5 A between both
for excitation at 325 nm than for 290 nm, pointing to an paphthalene moieties. For such distance, a rate constaszef
increased contribution of an additional decay channel at shorter= 5.9 « 10° s* would be expected, based on dipelipole
wavelengths. interaction (eq 4). On the other hand, the observed rate constant
Energy Transfer in the Dyads. A detailed analysis of the  for the dyads is 1 order of magnitude lower. Thus, based on
parameters involved in the energy transfer results in the our observations it cannot be decided clearly whether thstéio
following relations (eqs +3), which allow for the extraction ~ Or Dexter mechanism prevails. Due to the rather high flexibility
of the rate constants of intramolecular singlsinglet energy ~ ©Of the spacer in the dyads, also extended conformations with
transfer (SSET) in the dyads. The fluorescence quantum yield larger donor-acceptor distances are expected as local minima.
of NPX in the dyads aflexc = 290 nm breaks up into two For these sﬂua_honﬂz 10 A), clegrly F'(nste_r energy transfer
contributions: the fluorescence which is sensitized by energy Should be dominant, due to the missing orbital overlap between
transfer from NAP (first term in eq 1) and the fluorescence donor and acceptor, as it is reqw_red for Dexter energy transfer.
which results from direct excitation of NPX (second term in eq Howevgr, for the further discussion (see below) related to the
1). The contributions of both pathways are weighted by the quenc_hlng O_f both naphthalene chromophores by_ electron-
relative light absorption of both chromophores at 290 nm. For donating amines, the actual energy transfer mechanism has no

low optical densities (as applies to our experiments), the molar implications.

absorption coefficients can be used to define the respective 1 [Ry\é
fractions of absorbed photons. With the help of eq 1, the kdipme_dipc,.e: ( )

With the known molar absorption coefficients of the model

quantum yield for SSET in both dyads can be calculated. \R )
Equation 2 allows for the determination of the NAP lifetime ) ¢ 9000 In 1@°®y,
Tnap in the dyads, and eq 3 defines the rate constant of SSET with Ry” = 128N, diole-dipole (4)
A
(KssED.
Quenching of the Model Compounds by Triethylamine.
200 El%li?P-M 200 Thermodynamics of Electron Transfer versus Exciplex
Dinex = | 200 200 | Psse@Pinexm T Formation. Typical photoinduced reactions of naphthalene and
€NAP-M T ENpX-M its derivatives are electron transfer (et) or exciplex formation

290
ENPX-M

290 290
€nap-m 1 Enpx-m

250 (ex) with appropriate electron donors such as amified First,
D ipxm (1) the fluorescence of model compounds NPX-M and NAP-M was
guenched by triethylamine (TEA). Since nonpaiarexane was
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Figure 4. Steady-state fluorescence quenching of NAP-M by triethyl- Figure 5. Steady-state fluorescence quenching of §G){NPX-NAP
amine (TEA) inn-hexane. The fluorescence spectra were obtained at and (b) GR)-NPX-NAP by TEA inn-hexane. The fluorescence spectra
Jexe = 290. The inset shows the corresponding Starnimer plot. were obtained atexc = 325 nm. The insets show the development of
the exciplex emission bands.
used as the solvent, exciplex formation should dominate over
photoinduced electron transfer. For the calculation of the free
energy for the formation of the radical ion paiAGe) in
n-hexane, eq 5 was usétl.

-

L

4]
1

2.6eV

AGg = Ep = Eeg— Eg o T —0.13eV  (5)

L©
o
1

7 -1
Wty 1en! 1078

With this equation, the free energy associated with radical
ion pair formation upon photoinduced electron transfer from
triethylamine can be calculated as5¢; = 1.02 and 0.77 eV 7.5
for NPX-M and NAP-M, respectivel§! Thus, this quenching
pathway is characterized by strongly endergonic thermo- 0.0 o1 0.2 03
dynamics and is highly unlikely. For the free energy of exciplex [TEA]/ M
formation AGey, €q 6 applies?

Figure 6. Plots of the inverse lifetime of NPX versus TEA concentra-

2 1 tion. The data were obtained from time-resolved fluorescence quenching
— _ _ _ufe—1 of (S9-NPX-NAP (full circles) and $R)-NPX-NAP (open circles)
AGe = Eo = Brea ™ Boo p3(2€ +1 0'1% +0.38eV by TEA atAexe = 325 nm inn-hexane.

(6)

Using the same electrochemical potentials and excited singletrate constants was observed in both cases [{80.4) x 10°
state energies as in e§&nd an average value of 0.75 eV for M~1s™for NAP-M and (4.7+ 0.2) x 10° M~1 51 for NPX-
w2330 AGe is equal to 0.16 and-0.09 eV for NPX-M and M].

NAP-M, respectively. Strikingly, these estimations are excel-  Fluorescence Quenching of NPX-NAP Dyads by Trieth-
lently verified by the experimental observations. Indeed, for ylamine at Aexc = 325 nm. Excitation of the dyads at 325 nm
NAP-M the quenching is accompanied by a broad and red- leads exclusively to excited states of NPX. Contrary to the
shifted emission band at ca. 435 nm (cf. Figure 4), typical for observations made for the model compound NPX-M (see
a naphthalene-amine exciplex as reported for several relatedabove), the fluorescence of the NPX-chromophore in both dyads
systems’:3940520n the other hand, no quenching was observed is quenched by triethylamine in a dynamic process. The
for NPX-M as predicted by the endergonic thermodynamics for bimolecular quenching rate constants can be simply determined
exciplex formation. by application of the SternVolmer equation:ly/l = o/t = 1

The bimolecular quenching rate constant of NAP-M by + kgto[TEA]. Bimolecular quenching rate constants obtained
triethylamine was obtained in two ways: (i) from the Stern  from steady-state fluorescence measurements were0.1)
Volmer plot shown in the inset of Figure 4 and (ii) by measuring x 18 M~! st and (7.44 0.4) x 10’ Mt s71 for (S9- and
the NAP-M fluorescence lifetimes in the presence of increasing (SR)-NPX-NAP, respectively (cf. Figure 5). The values derived
TEA concentrations. The two values were practically identical from time-resolved measurements were somewhat smaller [(8.5
[(6.54 0.3) x 1® M~1s71. This quenching rate constantis 1 4 0.4) x 10’ M~tstand (4.9+ 0.2) x 10’ M~ts 1 for (S9)-
order of magnitude below diffusion control and accounts very and G§R)-NPX-NAP, respectively, cf. Figure 6], presumably
well for the estimated exergonicity of exciplex formation. due to a small contribution of static quenching in the steady-

To verify our observations, a control experiment was state experiments.
performed, using 1,4-diazabicyclo[2.2.2]octane (DABCO) asa  Evidently, exciplexes are involved in the quenching mech-
stronger electron-donating amingf = 0.68 V versus 0.88 V anism of NPX in the dyads, as can be seen by the typical broad
for triethylamine (saturated calomel electrode (SCE), aceto- and red-shifted emission band (cf. insets in Figure 5). Interest-
nitrile)].53 Now for both model compounds NAP-M and NPX-M ingly, the diastereomeric dyads show significant stereodiffer-
an exergonic thermodynamics for exciplex formation is ex- entiation in the reactivity toward electron-donating triethylamine.
pectec®* And indeed, dynamic quenching accompanied by high The rate constants differ by a factor of 1.7.
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CHART 2

worse electron acceptor than NAP-M
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better electron acceptor than NPX-M

The different behavior of the NPX-chromophore in the model
compound NPX-M and in the dyads (NPX-NAP) implies that
the reduction potential of NPX is increased in the NPX-NAP.
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Figure 7. Steady-state fluorescence quenching of &§)(NPX-NAP
and (b) SR)-NPX-NAP by TEA inn-hexane. The fluorescence spectra
were obtained atexc = 290 nm. The insets show the development of
the exciplex emission bands.

On the other hand, a change of the excited state energy of NPX
cannot be deemed responsible, as clearly can be seen from the
matching absorption spectra of model compounds and dyads
(cf. inset in Figure 1). The increased NPX reduction potential
in the dyads can be explained byma-s interaction of both
chromophores, which shifts electron density from NPX to NAP.
Therefore, NPX acts as a better electron acceptor in the dyads
(cf. Chart 2).

To achieve a favorable interaction betweenAhsystems of
both chromophores, the spacer has to attain a certain conforma-
tion, whose stability might be strongly dependent on the
configuration of both chiral centers. Obviously, this is facilitated
when both asymmetric carbons are in th@ironfiguration, as
indicated by the higher quenching rate constant of NPX in the
(S dyad.

Fluorescence Quenching of NPX-NAP Dyads by Trieth-
ylamine at Adexc = 290 nm. Quenching experiments of dyad
fluorescence by triethylamine were also performed.at =
290 nm, where light is preferentially absorbed by NAP. The
high quenching rate constant of the model compound NAP-M
by triethylamine k; = (6.5 + 0.3) x 10° M~ s71] suggests

0,0 0,1 0,2 0,3
[TEA]/M
Figure 8. Plots of the inverse lifetime of NAP versus TEA concentra-
tion according to eq 8. The data were obtained from fluorescence
quenching of §5)-NPX-NAP (full circles) and §R)-NPX-NAP (open
circles) by TEA atlexe = 290 nm inn-hexane.
was calculated ithé oy = i upxw/Tapk- FUrthermore,
that exciplex formation with excited NAP in the dyads can the lifetime of NPX in the dyads at each triethylamine
compete with singletsinglet energy transfer to NPX (see above) concentrationzyex tea) is known by time-resolved fluorescence
already at amine concentrations of ca. 0.1 M. As for the model quenching of NPX-NAP aleyc = 325 nm. Based on eq 7 the
compound NAP-M, exciplex emission at ca. 435 nm was lifetime of the NAP chromophorezfap 1ea) at each triethy-
observed with increasing fluorescence quenching of the dyadslamine concentration was calculated and then plotted according
at lexe = 290 nm (cf. Figure 7). to eq 8 (cf. Figure 8). The slope of a plot according to eq 8
The determination of the bimolecular rate constant of NAP yields the bimolecular rate constant for quenching by exciplex
quenching in the dyads by triethylamine is based on egs 7 andformation between triethylamine and NAP for each dy&gkiap

8. =(53+£03)x 1M tsland (1.1£0.1) x 1P M 1s?
for (§9-NPX-NAP and E§R)-NPX-NAP, respectively. From
O = the intercept, the lifetime of NAP without added quencher can
T 290 be calculated: tnap = 2.0 ns. This lifetime is in excellent
ENAP-M - Ksse 90 4 agreement with the one derived from the treatment of the SSET
04 2D | VAT TEATSSET PR TEATLEEXM process in the dyads (see above).
290 Similar to the quenching of NPX atexc = 325 nm, a
___NPXM Tamx ealCo s (7) significant stereodifferentiation in the reactivity of NAP was
b+ el observed for both diastereomeric dyads. But now, BR){

diastereomer reacts faster by a factor of 2.1, while for NPX
guenching £9-NPX-NAP is more reactive toward triethyl-
amine. Conclusively, there is an inversion of diastereodiffer-
entiation upon going from NPX to NAP.

Equation 7 describes, similar to eq 1, the two contributions  The observed inverted behavior of NAP compared with NPX
to the fluorescence of NPX in the dyads at each triethylamine in the dyads is not unexpected, following our explanation of a
concentration atexc = 290 nm, i.e., sensitization by SSET and changed reduction potential of the chromophores in the dyads,
direct excitation. The rate constant for radiative decay of NPX mediated by configuration-dependent-r interactions. If, as

1

TNAP,TEA

1
—=— + kel TEA]
NAP

(8)
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shown above (cf. Chart 2), NPX is a better electron acceptor in

the §S dyad, NAP must be a worse acceptor in this
diastereomer compared with th&R) combination. Therefore,
the diastereodifferentiation for NAP is opposite to that for NPX.
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