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The ultraviolet absorption spectra of nine N-aryl substituted dodecaneamides were recorded in eight polar
aprotic solvents in the range from 200 nm to 400 nm. The effects of solvent polarity and hydrogen bonding on the ab-
sorption spectra, were interpreted by means of linear solvation energy relationships (LSER) using a general equation:
V= ¥, + sz* + aa + bf, and by two-parameter models presented by the equation: ¥= ¥, + st* + bf. The mode of -
the influence of the polar aprotic solvents on the ultraviolet absorption spectra of the investigated dodecaneamides
are discussed on the basis of the correlation results. These results were compared with the results obtained for the
same dodecaneamides in polar protic solvents
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BIHJAHUE HA PACTBOPYBAY HA ENEKTPOHCKHN AIICOPITOUOHHA CIIEKTPH
HA HEKOH N-APUJI CYIICTUTYHPAHHU TOTEKAHAMHUIN

11 JEN. ITIOJJAPHUA AITPOTUYHH PACTBOPYBAYHA

ATICOPINACHITE CIEKTPR HA leBeT N-apiil CYNCTHTYHPAHH NONEKaHAMIN cC CHUMEHTA BO OCYyM I0-
NApHH AIPOTAYHH PACTEOPYBAYH BO nofpadjero off 200 o 400 nm. Edekrure Ha NOTAPHOCTA Ha PACTBOPY-
BAYOT H CO3JABAILETC Ha BOLOPORHY BPCKH ce MPOYIYBaHH CO MPHMEHA HA METOROT Ha JIHHCAPHA Kopena-
LEja Ha conBaTanuonnTe chekTH (LSER), KopHcTejKH ja TOTAIHATA COABATOXPOMHA PABCHKA (V= V, +sm*+
aa+ bfi) u pponapameraper Mopel (V= ¥, + s2* + bf}). Ba1ujanReTO Ha NOJapHATE APOTHYHA PAaCTROPYBA-
vu Ha ¥YB amcopnuEOHMTE CHEKTPH HA MCHHTYBaHHTE JONCKAHAMEIM ¢ AHCKYTHPAHO Bp3 Oasa Ha Kopeia-
nEoHETE pe3ynTaTd. OBNE PE3YITATH C& CHOPENEHH CO PE3YATaTHTE OGUEHH 33 HCTATE NOACKAHAME/IA BO
IONAPHH MPOTHYHN PACTBOPYBAYH (IPCTXOMHO AACKYTHPAHH).

Knyunu 36opopu: N-apiJi CyNCTHTYHEPAHE OfEKaHAMEE; Y B CIEKTPH; IONAPHH ANPOTHYHE PACTBOPYBAMH,
echeKTH Ha pacTBOpPYBaYH; IMHEAPHA KOpeJanija Ha CONBATAUHOHNATE eexTH

INTRODUCTION

The amide is an important functional group
present in a number of drugs moleculs. It is also
the key linking moiety in proteins and peptide drug
products. In addition, amides and fatty acid amides
derivatives have different properties and have
found wide use in various chemical industries [1-

3]. The influence of solvents on electronic spectra
[4-10] and on organic reactivity [11-16] has al-
ways been a point of particular interest to many
researchers. Therefore, taking into consideration
the importance and the practical application of am-
ides, we consider that it is of interest to investigate
the solvent effect on the UV spectra of some do-
decaneamides.
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In our previous work {17] absorption spectra
of twelve N-aryl substituted dodgcaneamides were
examined. We investigated the UV spectra of
dodecaneamides in seven polar protic solvents and
the correlation of the ultraviolet absorption
frequencies of dodecaneamides with the Kamlet-
Taft solvatochromic parameters: x* (dipolari-
ty/polarizability), a (hydrogen-bond acidity) and f
(hydrogen-bond basicity). Examination of the
obtained data showed that most of the solva-
tochromism can be ascribed to the HBD effects
(solvent acidity) rather than other effects.

In this work we wanted to delineate the
different interactions of polar protic and aprotic
solvents with previously synthesized dodecaneami-
des. To achieve this task, their UV spectra were
recorded in polar aprotic solvents and the position
of the ultraviolet absorption bands was
determined. The effects of solvent polarity and
hydrogen bonding on the absorption spectra were
interpreted by means of linear solvation energy
relationships (LSER). The correlations of three-
and two-parameter models with absorption
frequencies are also presented.

EXPERIMENTAL

All the N-aryl substituted dodecaneamides
(1-9) (Fig. I, Table 1) used in this study were
previously synthesized and identified by their
melting temperature, IR, and UV spectra [17].

Table 1

N-aryl substituted dodecaneamides (1-9)
used in the present study

Comp. No:  Ar

(N —CeHs

@) p-CH;CsH,—

@) p-OHCH,

4) p-CICH—

(5) p-CeHsCsHy-

(6) p-COOC,H;CcHy—
{7) p-COOHCH,—
(8) p-COCH,CH
9) p-NOCeH,—

0

CH3(CHy);o—C—NH—Ar

Fig. 1. N-aryl substituted dodecaneamides (1-9)
The UV spectra were recorded on a Varian

Cary 50 spectrophotometer in the range from 200
nm to 400 nm, at room temperature. The length of

“the quarts cell used for the measurements was 1

cm. All organic solvents used in the present
investigation were of spectral grade (Merck)
products. The spectra were run in spectroquality
solvents using concentrations of 2,5-10"° mol/dm’.

RESULTS AND DISCUSSION

In this work, the ultraviolet absorption
spectra of N-aryl substituted dodecaneamides (1—
9) (Fig. 1, Table 1) were recorded in eight polar
aprotic solvents: dimethylsulfoxide, N,N-dimethyl-
formamide, acetonitrile, dichloromethane, tetrahy-
drofuran, ethylacetate, chloroform, and dioxane.
The absorption maxima are given in Table 2 and
Table 3. To explain the effects of polar aprotic
solvents on the electronic absorption spectra of
these amides, the spectrum of N-phenyl dodecane-
amide (1) was taken as a reference; it has one
absorption band in the range 245-256 nm (two
electronic transitions with overlapping peaks) (Fig.

2).

Fig. 2. UV specira of N-phenyl dodecaneamide (1)
in polar aprotic solvents
1 - DMSQ, 2 — DMF, 3 - acetonitrile, 4 - dichloromethane,
5 — tetrahydrofuran, 6 — ethylacetate, 7 — chloroform,
8 —dioxane

Examination of the data given in Tables 2 and
3 shows that there 1s a similar trend in the UV ab-
sorption data of the investigated compounds in all
used solvents. It can be seen that all of the substi-

Maced. J. Chem, Chem. Eng., 26 (1), 5-15 {2007)
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tuted groups on the benzene ring (electron-
donating or electron-accepting) generally cause
bathochromic shift of the long wavelength absorp-
tion maximum, as compared to that of the refer-

ence system (1). It has been shown that the com-
plementary electronic transitions need lower ener-
gies regardless of whether the substituent with-
draws or accepts electrons [18].

Table 2
Ultraviolet absorption data for N-aryl substituted dodecaneamides (1-3)
Amax f M
Solvent (0 2 3) 4) (5
_CeHs p-CH:CeH— p-OHCH p-CICsH,~ p-CeHsCoH—
DMSO, &' =46.45 2549 256 259 255.06 2839
DMF, & =36.71 255.1 255.2 269.97 259.92 280.45
Acetonitrile, £ = 35.94 245.2 2453 249.79 250 275.06
Dichloromethane, £° = 8.93 245 245.1 249.94 2499 275
Tetrahydrofuran, &* = 7.58 245.1 248 250.25 250.19 279.76
Ethylacetate, g° = 6.02 250 250.1 250.04 250.08 275.96
Chloroform, g =4.89 245 2489 249.25 250 2752
Dioxane, g =2.21 249.9 250 255 250 2774

“Relalive permittivity (“dielectric constant”) of the pure liquid at 25 °C [19].

Table 3
Ultraviolet absorption data for N-aryl substituted dodecaneamides (6-9)
Agax / AM
Solvent (6) 6] (8) 9
p-COOC,H,CeH p-COOHCgH,~  p-COCH:CeHye  p-NO,CoHy
DMSQ, g° =46.45 280 276 292.51 3332
DMF, &' =36.71 27771 275.11 290.2 329
Acetonitrile, £ =35.94 274.54 271.11 285.35 321.27
Dichloromethane, £* = 8.93 270.3 270.1 285 318.23
Tetrahydrofuran, p =58 D 275.75 2738 285.18 32253
Ethylacetate, & = 6.02 274.55 272.55 285.16 3223
Chloroform, & = 4.89 272.65 272.5 287.42 320.5
Dioxane, &' =221 274.7 274.54 285.1 318.25

* Relative permittivity (“dielectric constant™) of the pure liquid at 25 °C [19].

The term solvatochromism is used to describe
the pronounced change in the position of a UV
absorption band that accompanies a change in the
polarity of the medium. A hypsochromic shift with
increasing solvent polarity is usually called nega-
tive solvatochromism. The opposite bathochromic
shift is termed positive solvatochromism. [19]. The

Marced. J. Chem. Chem. Eng., 26 (1), 9-15 (2007)

results presented here generally show bathochro-
mic shifts for all the dodecaneamides (1-9) with
increased polarity (positive solvatochromism).

It is interesting to compare the absorption
bands observed in polar aprotic solvents with those
found in polar protic solvents {17]. The change
from polar protic to aprotic solvents generally
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causes bathochromic shifts of the long wavelength
absorption maximum for the same investigated do-
decaneamides. For example, it can be noticed that
in polar aprotic solvents, the absorption maxima of
N-phenyl dodecaneamide (1) are at longer wave-
lengths (245 — 256 nm) that those registered in
polar protic solvents (229 ~ 250 nm, [17]).

When absorption spectra are measured in
solvents of different polarity, it is found that the
positions of the absorption bands are usually
modified by these solvents [19]. These changes
come as a result of physical intermolecular solute-
solvent interaction forces (such as ion-dipole,
dipole-dipole, hydrogen bonding etc.), all of which
tend to alter the energy difference between ground
and excited state of the absorbing species.

The most extensively applied method of
generating values for intermolecular solute/solvent
interactions is the method of Kamlet and Taft [20].
This method has been widely used to study
dipolarity/polarizability (x*), HB donor acidity
(a), and HB acceptor basicity (f) of many types of
solvents [4--10].

In the present work, the effects of solvent
polarity and hydrogen bonding on the absorption
spectra were interpreted by the linear solvation
energy relationships (LSER) concept developed by
Kamlet and Taft using a general equation (1) of the

type:
V=V, +sn* +aa + bf (D

and by two-parameter models presented by the
equation (2) :

V=V, +st* + bf (2)

where V, is the regression value of the solute
property in the reference solvent cyclohexane, 7*,
a and f are solvatochromic parameters, and s, a
and b are the solvatochromic coefficients.

In Eq. (1), #* is an index of the solvent dipo-
larity/polarizability, which is a measure of the abil-
ity of the solvent to stabilize a charge or a dipole
by its own dielectric effects. The x* scale was se-
lected to run from 0.00 for cyclohexanone to 1.00
for dimethyl sulfoxide {21]. The variable a is a
measure of the solvent hydrogen-bond donor
(HBD) acidity, and describes the ability of a sol-
vent to donate a proton in a solvent-to-solute hy-
drogen bond. The scale a was selected to extend
from 0.00 for non-HBD solvents to about 1.00 for
methanol [22]. The variable £ is a measure of the
solvent hydrogen-bond acceptor (HBA) basicity,

and describes the ability of a solvent to accept a
proton in a solute-to-solvent hydrogen bond. The
scale f was selected to extend from 0.00 for non-
HBD solvents to about 1.00 for hexamethylphos-
phoric acid triamide [23].

For the purpose of exploring the solvent
effects and hydrogen bonding (type-A and type-B
[22, 23] ) on the absorption spectra, the absorption
frequencies (V pax = 1/4,0) were correlated with
the total solvatochromic equation (1). The correla-
tion of the spectroscopic data was carried out by
means of multiple linear regression analysis.

The results of the correlation of the
absorption frequencies with the Kamiet-Taft
solvatochromic parameters (z* a and f [20]) are
given in Table 4. The percentage contribution of
calculated solvatochromic parameters are given in
Table 5. The discussion below is based on the
quantitative values and the sign of the coefficients
in the corresponding equations, and the com-
parison of these coefficients between themselves.

The data in Table 4 and Table 5 show that, in
general, the dominant solvent effect in all
dodecaneamides is the hydrogen bond basicity-
HBA (represented by the higher negative value of
the coefficient b). These negative values can be
explained, most likely, by the ability of polar
aprotic solvents to create an intermolecular
hydrogen bond in the electronic excited state of
dodecaneamides (Fig. 3, 3b), where they act as
proton acceptor (type B).

Exceptions are the compounds (3), (4) and (8)
where the classic solvation effects (represented by
the higher negative value of the coefficient s) are
dominating, which indicates better solvation of the
electronic excited state (Fig. 3, 3b).

The negative signs of s, b, and a coefficients
for the investigated compounds indicate batho-
chromic shifts with increasing solvent dipolar-
ity/polarizability, solvent hydrogen-bond acceptor
basicity, and solvent hydrogen-bond donor acidity.
This suggests stabilization of the electronic excited
state (Fig. 3, 3b) relative to the ground state (Fig.
3, 3a). The positive signs of the s coefficient for
dodecaneamides (1) and (2) and the a coefficient
for compounds (7) and (8) indicate hypsochromic
shifts with increasing solvent dipolarity/polarizabi-
lity of solvent (1, 2) and hydrogen-bond donor
acidity (7, 8). This suggests stabilization of the
ground state (Fig. 3, 3a) relative to the electronic
excited state (Fig. 3, 3b).

Maced. J. Chem. Chem. Eng., 26 (1), 9-15 (2007)
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Table 4

Results of the correlations with Eq. (1) for N-aryl substituted dodecaneamides (1-9)

Comp. Ar n* A 5 b a R® sD*
{1) —CeH; 6 40.981 0.255 —-2.742 -0.692 0.992 0.140
(2) p-CH,CHs— 6 41.079 0.526 -3.358 -2.739 0.992 0.127
(3) p-OHC H,~ 6 41 838 -2.088 -1.341 —0.863 0.950 0.248
(4) p-CICH,— 6 40,013 -1.166 -0.863 -0.741 0.987 0.082
(5) p-CsHsCeHa— 6 37.145 -0.689 -1.634 -0.920 0.965 0.183
(6) p-COOCH;CsHy— 6 37.509 -0.107 2216 -1.732 0.999 0.034
(7) p-COOHCH,- 6 37.239 —0.295 —0.931 0.759 0.997 0.036
(8) p-COCH;CsH,- 6 36.134 -1.612 —0.409 1.295 0.999 0.027
(9) p-NO,CHi— 6 32.698 -1.035 -2.111 -0.721 0.986 0.136

? number of solvents; ® correlation coefficient ; © standard deviation

Table 5

Percentage contribution of calculated
solvatochromic parameters

Comp. Ar 3 b a
(%) (%) (%)
(1) C¢Hs 7 74 19
(2) p-CH,CsHe— 8 51 41
(3) p-OHC H,4— 49 il 20
(4) p-CICeH,- 43 30 27
(5) p-CsHsCeHy— 21 51 28
(6) p-COOC,HCsH,— 3 53 42
(7) p-COOHCH,— 15 47 38
(8) p-COCH,CHy— 49 12 39
(9) p-NO,CcHy— 27 54 19
Vi - "
R—C\ . ~-—» R— C\ N
N-@-X N—@X
él H
a) b}

Fig. 3. Resonance structures of N-aryl substituted
dodecaneamides: a) ground state, b) excited state
(X =H, CH;, OH, Cl, C¢Hs, COOC;H;, COOH, COCH,, NOy)

Maced. J. Chem. Chem. Eng., 26 (1), 9-15 (2007)

The percentage contribution of the calculated
solvatochromic parameters {Table 5) also show
that the HBD solvent effects (acidity) significantly
affects the stabilization of the investigated
compounds, but their influence is generally
smaller than the influence of the HBA effects, with
exception of compound (8).

Taking into consideration that the principal
quality of polar aprotic solvents is the lack of
ability to act as a hydrogen bond donor [5, 13], the
effects of solvent polarity and hydrogen bonding
on the absorption spectra were also interpreted by
the system of a simplified two-parameters equation
(2) (two-parameter model). The results of the
correlations and the percentage contribution of the

calculated solvatochromic parameters are given in
Table 6 and Table 7.

From the results presented in Tables 6 and 7,
it can be concluded that the HBA effects in this
series (represented by the higher value of the coef-
ficient b) play a major role, compared to the clas-
sic solvation effects (1, 2, 5-7, 9). The HBA ef-
fects stabilize the electronic excited state (Fig. 3,
3b) of the amides by formation of type B hydrogen
bonding (negative sign of the coefficient b). The
classic solvation effects are the dominant solvent
effects for dodecaneamides (3), (4) and (8), and
the negative sign of the coefficient s indicates a
better solvation of the electronic excited state.
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Table 6
Results of the correlations with Eq. (2) for N-aryl substituted dodecaneamides (1--9)
Comp. Ar n' Vs s b R® SD¢
(1) -CeHs 6 40914 0.031 -2.333 0.988 0.145
(2) p-CHyCsHam 6 41110 0269 -3.002 0958 0275
(3) p-OHCH,- 6 41667 2247 -0.861 0940 0255
(4) p-CICH,— 6 41.005 -1.185 —0.752 0.973 0.096
(5) p-CeHsCeHy~ 6 36671 0391 -1202 0963  0.154
(6) p-COOC;HsCoHy- 6 37.196 —.644 -1.017 0.979 0.076
(7) p-COOHCH,~ 6 37282 -0.136 -1.187 0991 0051
(8) p-COCH,C¢Hy— 6 36.220 -1.493 -0.670 0.991 0.069
(9) p-NO,CgH,— 6 32.551 -1.309 -1.470 0.973 0.113
* number of solvents; ® correlation coefficient ; © standard deviation
Table 7 and Table 6) show that, in general, most of the

Percentage contribution of calculated
solvatochromic parameters

Comp. Ar 5 b
%) (%)
(1) -CeHs 1 9%
(2) p-CH; CHy— 8 92
(3) p-OHCH,~ 72 28
(4) p-CICsH 4~ 61 39
(5) p-CeHsCoHy— 25 75
(6) p-COOCH:CcHy— 39 61
(7) p-COOHCH~ 10 90
(8) p-COCH,CeHy— 69 31
(9) p-NO,CeHy~ 47 53

The negative signs of s and b coefficients in
Table 6 for N-aryl substituted dodecaneamides (3-
9) indicate bathochromic shifts, with both
increasing solvent polarity and solvent hydrogen-
bond acceptor basicity. The positive signs of
coefficient s and the negative signs of coefficient b
for compounds (1) and (2) indicate hypsochromic
shifts with increasing solvent polarity and a
bathochromic shifts with increasing solvent
hydrogen-bond acceptor basicity.

The results of all correlations for the exam-
ined N-aryl substituted dodecaneamides (Table 4

solvatochromism is due to solvent basicity (HBA
effects). The HBD effects and the classic solvation
effects generally work in the same direction, sta-
bilysing the electronic excited state.

A comparative study of the results (Eq. (1)
and Eq. (2)) for the investigated dodecaneamides
(1-9) leads to the conclusion that the selection of
both models was correct. The model which
includes all three solvatochromic parameters (z*, a
and B ) in the correlations gives an accurate inter-
pretation of the solvating effects on N-aryl sub-
stituted dodecaneamides in polar aprotic solvents,
which allegedly do not possess HBD character.

Taking the investigations in polar protic [17]
and polar aprotic solvents into consideration
together, it can be noticed that the HBD effects
have weaker influence in polar aprotic solvents,
which is contrary to the polar protic solvents
where the HBD effects are dominating (represen-
ted by the higher value of the coefficient a). The
HBD effects and the classic solvation effects can
also be compared and they are generally more
intensive in polar aprotic solvents (taking the value
of the coefficients as a measure of their intensity).

In general, polar protic solvents stabilize the
ground state of the analyzed amides (positive sign
of the coefficient a), by formation of hydrogen
bonding where they act as proton-donors. Polar
aprotic solvents, on the other hand, stabilize the
electronic excited state of the analyzed do-

Maced. J. Chem. Chem. Eng., 26 (1), 9-15 (2007)
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decaneamides (negative sign of the coefficient b),
by creation of hydrogen bonding where they act as
proton-acceptors. Therefore, it can be concluded
that polar aprotic solvents, by stabilization of the
electronic excited state, are more adequate to be
used as solvents in the chemical reactions for the
analyzed dodecaneamides. The basicity of polar
aprotic solvents or the stabilization of the excited
state which increases the reaction rate is the main
factor affecting their reactivity.
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