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Abstract

Four new benzamide derivatives iN~(4'-methyl)phenylbenzamide (IN,N-methyl(4-methyl)phenylbenzamide (II)\-benzylbenz-
amide (IIl) andN-(4'-nitro)phenylbenzamide (V) have been spectroscoply studied in hydrocarbon and weak polar solvents. The fluores:
cence studies show that some of those derivatives (I and 1l) in the excited state undergo conformation changes caused by proton trans
reaction or twisted intramolecular charge-transfer processes. Making use from the detesmineiues of the absorption and fluores-
cence spectra the dipole moment of the molecules in ttstee has been evaluated for I, Il and lll. ©1999 Elsevier Science S.A. All rights
reserved.
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1. Introduction substitution and solvent environmental effects [2,3,5] as
well as by time-resolved absorption spectroscopy and fluo-
Benzamides, under study, belong to the class of rescence decay studies [6].
hetero-polar molecules in which chromophores are linked In 1991, Azumaya et al. [7] in a very scrupulous work
by a peptide bridge. For these molecules the peptide linkageon the spectroscopic and fluorescence decay studies of 16
plays a significant role of a ‘spacer’ between two molecular derivatives of benzanilide anl-methylbenzanilide with
structures, the donor (D) and acceptor (A). Such molecules methyl group(s) ortho to the amide bond showed, that the
in the excited state undergo configuration changes: the donoramide bond must be rotated for the &mission. The data
moiety of benzanilide twist to a plane perpendicular with indicate that the f-emission is mainly generated from ex-
the plane describing the acceptor part of the molecule, caus-cited twisted intramolecular charge-transfer (TICT) species
ing an intramolecular electronic energy transfer between D with twisted amide bond.

and A. Thus, in the emission the normal(EE) fluores- In this paper, we report results of spectroscopic stud-
cence, characteristic for the Franck-Condon structure of theies of four benzamide derivatives in which the methyl and

So state, is accompanied by another structurel€g€F) nitro-functional groups are mezo substituted to the amide
emission. This emission takes place at energies lower thanbond in theN-benzene ring. The chemical structures of the

F1(LE) and is originating from the excited state;(ST), molecules under studies are given in Chart 1.The above func-
of a mutually perpendicular chromophore B— A~ struc- tional groups with donating and withdrawing ability influ-

ture reached via the twisted intramolecular charge-transference the amide bond and therefor theiftensity as well.
(TICT) process [1,2,3]. Tang et al. [4] have shown that for Additionally, to underline the importance of the amide bond
benzanilide dissolved in deairate hydrocarbon solvents therotation on the B emission similar spectroscopic studies
F> band is overlaid by an additional transitior, EPT), for N-benzylbenzamide (Ill) have been performed. In Il the
originating from acis-benzanilide tautomer founded in a methylene group inserted between Mphenyl and the pep-
doubly H-bonded dimer. The complicity of the Band of tide linkage change the length and flexibility of the ‘spacer’
benzanilide was confirmed by the dielectric solvents effects between the donor and acceptor braking the conjugation be-
on spectral position, Fband half-width changes, chemical tween the A and D chromophore.
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Chart. 1
R; R;
L. N-(4’-methyl)phenyl-
A benzamide -C6H,(CHs) H
 EEE— II. N,N’-methyl(4 -methyl)
phenylbenzamide -CHy(CHs) CH;
O III. N-benzylbenzamide -(CH,)C¢H4(CHs) H
IV. N-(4 -nitro)phenyl- -CsH4(NO2) H
\\*}J/”I{’ benzamide
Parent molecules
benzamide H H
D benzanilide -CsHs H

2. Experimental details

Benzanilide, methylcyclohexane (MCH), cyclohexane
(CH), hexane (H), butyl ether (BE), ethyl ether (EE), ethyl

Absorption spectra measurements were carried out us-
ing a Shimadzu UV-200 spectrophotometer. The lumi-
nescence spectra at 293 and 77K were recorded on a
Baird-Atomic (Model SFR-100) spectrofluorimeter us-

acetate (EA) and tetrahydrofurane (THF) were purchaseding at low-temperature the sample compartment with a

from Aldrich Chemical Co. The solvents MCH and CH

were distilled before use from a sodium potassium amal-

vacuum-sealed quartz cold finger dewar. The luminescence
radiation was observed perpendicular to the direction of the

gam, to ensure they are pure and free of water. The otherexcitation beam. For the measurements at 293K, a sample

solvents were distilled in the usual way, its purity have

was put into a standard rectangular Suprasil 10 mm cell,

been checked by absorption and fluorescence method. Benwhereas at 77 K in a 2 mm diameter quartz tube placed in

zanilide andN-methylbenzanilide were twice recrystallized
from methanol before use. The compounds I, I, lll and IV
were synthesized friendly by Rachofi [8] and purified by

the dewar containing liquid nitrogen.
The concentration of solutions studied was about
5x 107*M in all types of measurements. Molecule IV

recrystalization from methanol. The chemical structure as is not soluble in hydrocarbon solvents therefor its studies

well as the purity of the compounds were tested by NMR
spectra.
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Fig. 1. The absorption spectrum &-(4'-methyl)phenylbenzamide, I,
curve (1) andN,N’-methyl(4-methyl)phenylbenzamide, II, curve (2) in
CH at 296 K. The absorption spectra of benzanilide (1a) is given for
comparison.

were performed in polar solvents only. The luminescence
spectra have been corrected for the spectral response of the
photomultiplier used.

3. Results and discussion
3.1. Absorption and luminescence spectra

Figs. 1 and 2 show the absorption spectra of compounds
under studies. The absorption spectrum of | in MCH in
the region of 200—350 nm consists two distinct bands: a
strong band around 223 nm£ 14,300 M1 cm1) and an-
other at 275 nmg=15,200 M-t cm™1). Similar as in ben-
zamide we suppose the existence of a third, a very weak
(¢=600M1cm1) nz* absorption band at 295 nm. This
band is overlapped by the second strang*character band
[3]. Its existence reveals the fluorescence excitation spectrum
shown Fig. 3. Comparing the absorption spectrum of | with
that of benzanilide (see Fig. 1) it follows, that the 275 nm
band is shifted by 850 cnt to largeri-values whereas the
position of the 223 nm band is unchanged. The methyl group
substituted at the 4 position of tiéphenyl ring increases
the ey value of both absorption peaks by about 10%.
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Fig. 2. Absorption spectra dfl-benzylbenzamide, Ill, (curves: 1-vapor,

2-CH solution), and ofN-(4'-nitro)phenylbenzamide, 1V, (curve 4 in
MeOH). The absorption spectrum of benzamide (curve 3) is given for
comparison.

The —CH; group replacing the H atom at the nitrogen
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(¢=11,000M1cm~1) and the other, which is very weak

(¢ =500M~1cm1), at about 275 nm. The existence of the
last one is supported by the distinct maximum of the fluo-
rescence excitation spectrum (see Fig. 4 curve 4). The ab-
sorption spectrum of Ill in the gas phase (curve 1 on Fig. 2)
possesses the same shape but is shifted by about 600 cm
to smaller wavelength. On the same figure, the benzamide
absorption spectrum is given for comparison. The absorp-
tion bands of this molecule appear at the same wavelength
than that of lll. It points out that the conjugation between A
and D chromphoric group is destroyed by the -hidging
group additionally introduced between the peptide linkage
and theN-phenyl substituent.

The nitro substituent in IV causes a large shift of the
longwave maximum Xmax=315nm versus 275nm for I),
and increases the molar absorption coefficient by about 65%
(¢315nm= 24,600 M1 cm~1). This behavior is in agreement
with observations of other authors [9] and theoretical pre-
dictions of Murrell [10]. It should be noted that the influ-
ence of the parent benzamide group is reduced compared to
a regular mezo-substituent of nitrobenzene.

(see compound Il) causes a drastic change in the absorption Figs. 3 and 4 show the fluorescence and fluorescence
spectrum (see curve 2 in Fig. 1). The spectrum of Il is under- excitation spectra of the molecules under study. The fluo-
stood if we found that the short wave band (at about 225 nm rescence emission of | (see Fig. 3), as expected from the
in 1) is shifted to longer waves whereas the positions of the molecular structure, consist two bands: the normal fluores-
two other bands, i.e. 275 and 295 nm, remain unchanged.cence band f(onset 310 nnmmax=330 nm in MCH solu-
Also, this substituent leads to a decrease of the longwavetion) and the second more intense band(énset 400 nm

band intensity contributing to the formation of an unstruc-
tured spectrum. The absorption spectrum of Il is similar in
shape to that oN-methylbenzanilide [3]. The absorption
spectrum of Il is shifted to longer wavelengths by 650¢m
in comparison tdN-methylbenzanilide.

Amax=492nm). The k band, if detected in hydrocarbon
solutions, consists of two independent electronic transitions
attributed to the proton-transfer imidole tautomer fluo-
rescence HPT)(S;(PT) — S;(PT)), and to the internal
charge-transfer isomer fluorescencg(®T)((S{(CT) —

Fig. 2 shows the absorption spectra of molecules Ill and Sj(FC)). Fig. 3 shows also the;)fPT) and F(CT) bands of

IV. Molecule Il in CH solution has two bands: one at 228 nm

| in MCH solution which result from decomposition of the
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Fig. 3. Fluorescence spectrum gf(4’-methyl)phenylbenzamide, |, (curve IY,N'-methyl(4-methyl)benzamide, II, (curve 2) and fluorescence excitation
spectrum (curve 3) of | in MCH solution at 293 K. The fluorescence spectrum of benzanilide (curve 4) in MCH is given for comparison only.
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Fig. 4. N-benzylbenzamide (Ill) in EPA solution: (1) the fluorescence spectrum at 296 K, (2) the total luminescence (Fl+Ph) spectrum at 77K, (3) the
phosphorescence spectrum at 77K, (4) the overlapping fluorescence and phosphorescence excitation spectra taken at 296 and 77 K.
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Fig. 5. The half width (FWHM) of the §band of benzanilide, | and Il vs. the LippettD(e, n) function.

total emission into two bands of equal half-width (dashed molecule Il. The spectrum possesses two bands: tfieHy
curves with Avy,, =3300 cntl). They participated in the  with Amax=335nm and the ’f(C'D with Amax=521nm
total F, emission by about 75 and 25%. in MCH solution. The ratio of K/F; intensities for | and
The K, band complexity is clearly shown studying the 1l depends on the kind of solvent, i.e. decreases with an
dependence of thesFband half-width versus the Lippert increasing value of the dielectric constant. Here, it must
D(e, n) function of the solvents used. This dependence, be noted that the molecule | exhibit,@®T) fluorescence
graphically presented in Fig. 5, shows a distinct change in only in hydrocarbon solvents, whereas tHg®T) band is
the A1/ (F2) value going from the hydrocarbon to the observed in all solvents used by us. Thealues of the
weak-polar solutions, i.eAvy/> (F2) =3960 cntlin H ver- band maxima and its half widths are collected in Table 1.
sus 3100cm? in EA. It can be seen that the half-width of molecule | is by about
From the view of the molecular structure the methyl- 300cnT?® smaller than for II.
substituted compound, i.e. molecule 1l, can exhibit the In Fig. 3 curve 3 shows the fluorescence excitation spec-
F1(LE) and the E(CT) emission modes only. In Fig. 3  trum of I. This spectrum possesses one peak Withy at
the curve 2 presents the fluorescence emission spectrum 0295 nm. According to the quantum mechanical calculation



M. Brozis et al./Journal of Photochemistry and Photobiology A: Chemistry 128 (1999) 39-45 43

Table 1
The lang wave absorption and emission band maxirm@n cm™1), the radius of Onsager cavigg(in 10-°m), the permanent dipole moments (in
Debye) of the groundug, and exciteduex states of the benzamide derivatives and half-width of theCF) band

Number  Compound Solvent  Polarity parameterien Dabs Dabs— Vem  AD12(F;)  Onsager cavity Dipole  Moment
D(x 1072) radiusa, Ky Hex
0 N-phenyl- H 0.096 20848 37450 16602 4130 2.80 3.66° 8.86
benzamide MCH 0.101 20973 37400 16427 4161 &.91
CH 0.120 21053 37523 16351 4308 9.2
BE 0.192 19665 38314 17635 3421
EE 0.256 19585 37736 18729 3490
EA 0.293 18297 37023 18826 3514
THF 0.308 19305 37383 18678 3517
| N-(4'-methyl)- H 0.096 20292 36820 16528 3960 292 3.8¢¢ 8.36
phenyl- MCH 0.101 20243 36750 16507 3925 8.25
benzamide CH 0.120 20313 36710 16397 3838
BE 0.192 19978 36820 17342 3485
EE 0.256 19420 36830 17410 3210
EA 0.293 19073 36846 17750 3270
THF 0.308 19120 36950 17830 3385
I N'N'-methyl- H 0.096 19198 2962 341 3.9 8.4d
(4-methyl)- MCH 0.101 19205 3064
phenyl- CH 0.120 19164 3041
benzamide BE 0.192 18776 3069
EE 0.256 18454 3062
n N-benzylbenza  Vapour 45455 313 3.94 6.28¢
mide CH 44642
a8From [15].
b Calculated using HyperChem.
¢From [11].
d From [16].

€Bold letter is our data determined using the ,Us values of the gas phase and CH solution absorption spectra [13].
f Since the absorption spectrum of Il is unstructure we putitfads = 0 in Eq. (1).

N
o

of Belotsvetov et al. [11] it corresponds to the very weak
nz* absorption band which is baried in the very strong
Si(m*) < S absorption withAmax~ 275 nm. The fluo-
rescence excitation spectrum of Il overlaps that of | and for
this reason it is omitted in Fig. 3. Comparing the emission
spectra of | and Il with that of benzanilide [12] it results,
that they are similar in shape, but both are shifted to larger
wavelengths, i.e. by 800 and 1850chirespectively.

Molecule Il in EPA solution shows a very weak fluores-
cence observed in the region 300-450 nm (Fig. 4, curve 1)
which arises from a weak absorption band corresponding to
excitation in a locally excited moiety i.e. benzamide. This is
supported by the likewise absorption band contours to ben-
zamide (see Fig. 2, curve 2 and 3). Molecule IV at room WAVELENGTH [nm]
temperature in EPA and THF SOIU,“ODS qoes not show f,luo_ Fig. 6. The total emission (Fl+Ph) spectra of | in MCH (curve 1), in
rescence. At 77 K a weak fLE) emission is recorded. This  gpa mixture (curve 2) and pure phosphorescence (thin line) spectrum in
spectrum is a mirror image of the absorption and excitation EPA at 77K. The dashed doted liné and 2 results from subtraction:
spectra. 1-(FI+Ph)-1-(Ph) and 2-(FI+ Ph}2-(Ph), respectively.

The molecules under study at 77 K show more intense flu-
orescence emission than at 293 K. Beside thiE) band
| and Il show phosphorescence emission and a weak emis-as a F(LE) band, where as the strong band in the re-
sion from the TICT isomer. Fig. 6 shows the total lumi- gion 400-600 nm comprehends the phosphorescence and the
nescence (FI+Ph) spectrum of I in rigid solution of MCH F;(CT) emission. The band contours of the respective emis-
and EPA mixture at 77 K. From the Figure it is evident sion modes are labeled by (1) and (2). It must be pointed
that the total luminescence intensity curves possesses twaut that long-wavelength bands in the total emission spec-
bands. The emission in the region 300-350 nm is assignedtra (heavy lines) of | and Il differ from those of the pure
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Fig. 8. The total emission (Fl+Ph) spectra of Il in MCH (curve 1) and EPA mixture (curve 2) and corresponding phosphorescence spectra at 77 K. Thi
dashed and dashed-doted lines are obtained from subtraction: 2-(F+24#Bh) and 1-(Fl+ Ph}1-(Ph), respectively.

phosphorescence spectrum (thin lines). Moreover, the F were taken in solvents of different polarities. Determining
fluorescence bands of these two compounds at 293 K showthe differenceAvmax = Vap — Vem between the maxima of
an anomaly i.e. the #band has its maximum at larger the longwave absorption and fluorescence bands as a func-
wavelength than the phosphorescence bang (F2) > Amax tion of the solvent polarity the change of the permanent
(Ph), (compare Fig. 3 with 4 and 6). Its is also distinc- dipole moment of the molecules in the excited state have
tive, that in the EPA and MCH rigid solutions for | and Il  been evaluated. The valuggayx of the absorption and fluo-
Amax(F2 + Ph) >Amax(Ph). Such wavelength dependence is rescence bands and the Lippert's polarity function are col-
comprehensible if one assumes that at 77 K the band com-lected in Table 1 and graphically presented in Fig. 7. As can
prise an intense phosphorescence band and a WHEKTF be seen from the Figure a good linear plot is obtained with
band (Fig. 8). The 1’ and 2’ curves in Fig. 6 give the result correlation factordR=0.92, 0.98 and 0.96 for benzanilide,
of subtraction of the normalized phosphorescence spectramolecule | and I, respectively. Using the relation obtained
from the total luminescence spectra. This procedure gives aby Liptay [14] Mataga and Kubota [15]

band whichimax is in good agreement with that determined

2 _ 2
for the F5(CT) band at 296 K. A¥max= 7(a@bg — V[F4(CT)] = (“e;:—%“g)p(& n) (1)
c
3.2. Solvent effect the dipole momentueyx, of the molecules under study in

the excited state was calculated. In {1 and j.ex refer to
As it has been mentioned, the absorption and fluorescencethe dipole moments of the ground and excited states of the
spectra of | and Il as well as the parent molecule benzanilide molecule,ag is the radius of the Onsager cavity which fits
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the molecule (was calculated using the Hyperchem program) For molecules I, Il and Ill the permanent dipole moment

and of the first singlet excited state has been determined using
e—1 n2-1 the solvent induced shifts of the absorption and fluorescence
D(e,n) = 2 bands. They are calculated using fhey values of the long-

26+1 2:*+1 wave absorption band and f€T) band. As it has been said
where ¢ and n are the bulk solvent permittivity and the the E(CT) band originates from the TICT isomer. Thus the
refractive index, respectively. 1ex data determined in this work proceed to it.
As can be seen from Fig. 7 the variation in thgy5x value
is rather large, ca. 2000 cthversusAD(e, n) = 0.21x 102
from hexane to the tetrahydrofurane. It indicates a reason- Acknowledgements
able big change in dipole moment of molecules under study
in the excited state. The determined data are collected in Ta- The authors like to acknowledge financial support from

ble 1 column 9. Comparing theex values for benzanilide the Pedagogical University of Stupsk and University of

and molecule | obtained by using the method of solvent in- 4 & grant BW 5200-5-0282-9. J.H. is thankful to the
duced shifts of electronic absorption bands [13] with that b ' F oo dation for the feIIOV\./sh.ip.

determined now a difference is noted. The difference equals
0.97 and 0.72 for benzanilide and |, respectively. Thg
value of benzanilide obtained in this work agrees good with
the theoretical result of Belotsvetov et al. [11]. The noted
differences ir_‘\ theu_eX values obtained in [13] and now are [1] W, Rettig. Angew. Chem. Int. Ed. Engl. 25 (1986) 4971.
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