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Abstract: Densities, viscosities, refractive indices, dielectric constant (¢') and dielectric loss (g") of 2-
chloroaniline (2CA) + 2-methoxyethanol (2ME) and 2-chloroaniline (2CA) + 2-ethoxyethanol (2EE) for
different mole fractions of 2-chloroaniline in binary mixture have been measured at single microwave
frequency 10.985 GHz at 30°C by Surber method using microwave X-band. The values of dielectric
parameters (¢' and €" ) have been used to evaluate the molar polarization (Pyy) loss tangent (tand) viscosity

(n), activation energy (Ea), excess permittivity (Ae'), excess dielectric loss (Ag"), excess viscosities (An),
excess polarization (APyy) and excess activation energy (AE,) have also been estimated. These parameters
have been used to explain the formation of complexes in the system. It is found that dielectric constant (g'),
dielectric loss (g"), loss tangent (tand), molar polarization (P1,) varies non-linearly but activation energy (Ea) ,
viscosity (1) ,density (p), and refractive index (n) varies linearly with increasing mole fraction in binary
mixture of 2-chloroaniline (2-CA) + 2-methoxyethanol (2-ME) and 2-chloroaniline (2-CA) + 2-ethoxyethanol
(2-EE). Hence, solute-solvent molecular associations have been reported.

Keywords: molecular interaction; polar liquids; binary mixture; excess parameters.

1. INTRODUCTION to refractive index of binary mixture glycerol +
_ _ methanol and glycerol + water at 298.15 K and
Effects of molecular orientations are very  3p3.15 K, respectively and Kamble et al. [9] have

sensitive to all kinds of interactions. Experimental g died the excess parameters of binary systems of
investigation of dielectric properties of polar liquids cyclohexane and methyl acetate.
from microwave absorption is of great value in

understanding the nature of complex formation. When : . .
a binary mixture is formed the viscosity, density, 2-EE mixture have not been carried out in the past. As

refractive index, thermodynamic parameters and such it was felt that the present study provides most
dielectric parameters do not vary linearly. The useful information regarding the molecular interaction
deviation from linearity of these parameters is termed and the formation of complexes in the mixture of 2-
as excess parameters which are useful to understand CA +2-ME and 2-CA + 2-EE.

the nature of bonding between the two liquid 2-Methoxyethanol (2-ME) is also called as
mixtures. methyl cellosolve and used as a solvent for mainly

The nature of complex formation between the ~ different purpose, such as varnishes, dyes, resins and
an additive in airplane deicing solutions while 2-

Didlectric study of 2-CA + 2-ME and 2-CA +

molecules may be ascertained by studying apparent ;
molar polarization and is useful in determine the  thoxyethanol (2-EE) commercially known as “Cello

nature of molecular interactionsin the liquid systems, ~ S0IVes’ and widely used as complexes of solvents,

In past, several workers have made dielectric studies coemulsifiers so stabilizers of emulsions, dyes and
of liquid mixtures by taking amines as one of the ~ |cduers.
congtituent components in the binary mixture [1-7].

Vural et al. [8] have studied the excess molar volumes
2. MATERIAL AND METHODS
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2.1. Materials

2-Chloroaniline (GC Grade) from Merck
Schuchardt, Germany. 2-Methoxyethanol and 2-
ethoxyethanol (AR Grade) were obtained from M/S
Sd. Fine chemical, Mumbai, India without further
purification. The two liquids according to their
proportions by volume were mixed well and kept 6h
in well stoppered bottles to ensure good thermal
equilibrium. These liquids used as solute and solvent.

2.2. Measurements

The dielectric constant (¢') and dielectric loss
(g") have been measured using microwave X-band
bench oscillating frequency of 10.985 GHz [10] at
30°C using source of Reflex kystron 2 K 25 (USSR).
The densities and viscosities of the pure components
and their mixtures were measured by using DMA 35
portable vibrating density meter. Anton paar Autria
(Europe) having accuracy of density 0.001 gm/cm®
and viscosity by Oswald viscometer.

Refractive indices for sodium D-line were
measured by using Abbe's refractometer, having
accuracy up to the third place of decimal microwave
power measured by PM-437 (Attest) power meter,
Chennai, India. Rectangular wave guide working TE;
mode, 10 dB, Vidyut Vantra Udyog, India. To hold
the liquid sample in the liquid cell, thin mica window
whose VSWR and attenuation were neglected is
introduced between the cell and rest of microwave
bench.

The values of &' and ¢" for present
investigation, for low loss liquids according to Heston
etal. [11].

g'=(ho/he)?+ (Ao lNg)*" e (D)

g"= 2/ (hg/0a) (Mo /Ag)* (dp/dn)

Where A is the cut-off wavelength, A, is the
free space wavelength, A4 is the wavelength in
dielectric medium and A4 is the wavelength in empty
wave guide parameters p is inverse voltage standing
wave ratio, n is the number of minima

The precison of measurements for the
wavelength with the available X-band microwave test
bench is +0.001 cm corresponding to this accuracy
value, the error in the measurements of €' is estimated.
For simplification, involved errors due to non zero
impedance of the short circuit plunger are ignored.

The errors of measurements are calculated by using
the conventional method of error analysis [12]. Over
all estimated accuracy of measurements for €' and &"
by this method is about +1% and +5%, respectively.

The €' and ¢" were measured by reflectometric
technique by measuring reflection coefficient from
the air dielectric boundary of the liquid [13-18]. The &'
and ¢" for different mole fractions of 2CA in the
binary mixture of 2-CA+2-ME and 2-CA+2-EE are
measured at 30°C.

In order to determine the dielectric wavelength
(Ag), dielectric constant (g'),dielectric loss (g"), loss
tangent (tand) and molar polarization (Pi,), the
movable short of the liquid cell was moved in and out
and corresponding reflection coefficient was
measured using crystal detector in the directional
coupler [19].

The relationship between the reflected power
and depth of liquid columns is given by a damped
sinusoidal curve. The distance between two adjacent
minima of this curve gives A4/2. Thus the knowing the
values of wavelength in dielectric medium A4, free
space wavelength (Lo cut off wavelength (L),
waveguide wavelength (Ag) and molar polarization
(Py2), were determined by Surber relations [10, 19-21]

3. RESULTS AND DISCUSSION

The values of viscosity (1), Refractive index
(n), density (p), dielectric constant (¢'), dielectric loss
(€"), loss tangent (tand) and activation energy (E;) for
viscous flow with increasing mole fraction (X) of 2
CA for the binary mixtures of 2-CA + 2-ME and 2-
CA+2-EE arereported in (Tables 1 and 2).

The variation of the dielectric constant (g')
with mole fraction of (2-CA) in mixture is asin Fig.
la. A pronounced minimais observed in the curve at
X=0.42771 for the (2-CA) + 2-ME, binary system and
at X = 0.35551 for the (2-CA + 2-EE) which indicates
the formation of complex in these binary mixture as
for the amine + alcohol mixture observed by Combs
etal. [22].

3.1. Microwave absor ption

It is seen from Fig.1b that the absorption in the
mixture is greater than that in pure liquids, a maxima
in the tan & curve occurring at X=0.0964 and
X=0.4277 (2-ME and 2-EE) mole fraction of 2-CA in
to our case the formation of complex will increases

Orbital Elec. J. Chem. 5 (1): 1-6, 2013
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the dielectric absorption due to the following
consideration. Inthe complex, the dipole moment can
be taken as, (Mp1+ Hp2), Hp1 and pp, being the dipole
moments of the constituent molecules. For n
molecules of each liquid forming the complex the

absorption would be proportional to n (Up.’: Upz?), for
pure liquids, assuming no interaction. On the other
hand, in the mixture absorption would be proportional
to the greater term n (Up1% Mp22).

Table 1. Values of mole fraction (X) of 2-CA density (p), viscosity (1), refractive index (n),dielectric constant
(¢"),dielectric loss (g"),loss tangent (tand ) and activation energy (E,) for binary liquid system at 30°C.

System 1 (2CA+2ME)

0 0.9569 1.3577 1.391

0.09647  0.9914 1.5502 1417

0.19944  1.0260 1.7984 1.440

0.30959  1.0596 2.0753 1.466

042771  1.0903 21779 1.490

055469  1.1210 3.9268 1511

0.69156 1.1506 4.0572 1.535

0.83953 1.170 4.0727 1547

1 1.2056 2.6800 1575

6.6882 0.5752 0.0806 3.5430

5.9745 0.6942 0.1162 3.6229

5.8212 0.5287 0.0908 3.7123

6.2272 0.6895 0.1107 3.7986

4.1455 0.4037 0.0974 3.8276

6.8956 0.7655 0.1101 4.1826

4.9912 0.4570 0.0916 4.2023

4.4318 0.2975 0.0671 4.2046

4.1455 0.2585 0.0624 3.8931

Table 2. Values of mole fraction (X) of 2-CA density (p), viscosity (), refractive index (n),dielectric constant
(¢"),dielectric loss (g"),loss tangent (tan8) and activation energy (E,) for binary liquid system at 30°C

System 2 (2CA + 2EE)

0 0.9236 1.5462 1.395

0.11609  0.9664 1.8552 1.422

0.23457 1.0007 3.4450 1.445

0.35551 1.0391 3.7185 1472

0.47899 1.0739 3.9080 1.492

0.60510 1.1064 4.0073 1512

0.73391 1.1403 4.1158 1.534

0.86551 1.8056 4.2856 1.554

1 1.2056 2.6800 1575

3.2563 0.1294 0.0397 3.6213

4.9915 0.2929 0.0587 3.7310

4.4318 0.1394 0.0315 4.1038
24142 0.0440 0.0182 4.1498
5.5157 0.5279 0.0951 41797
3.0420 0.1901 0.0625 4.1948
4.0136 0.2387 0.0595 4.2109
4.2848 0.3000 0.0700 4.2353

4.1456 0.2780 0.0671 3.8931

Orbital Elec. J. Chem. 5 (1): 1-6, 2013
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3.2. Maxima in the viscosity curve

When the viscosity (1) is plotted against mole
fraction, the curve shows sharp maximain Fig.1c. The
maxima for the 2-CA+2-ME mixture accuracy at
X=0.691 mole fraction of (2-CA) and for 2-CA+2-EE
mixture it occur curve at X=0.839 mole fraction of (2-
CA) the maxima for the 2-EE is much pronounced
than that for 2-ME. Huyskens et al. [8] have
explained the increases in viscosity for the acid amine
and 2-ME or 2-EE mixture due to the formation of
dissociated ions in the mixture. Which is exothermic
and depends upon the acidic strength of 2-ME and 2-
EE Since in the present case 2-EE react with (2-CA)
by an exothermic reaction, the pronounced maxima
for the 2-ME may be associated with the formation of
dissociated ions in the mixture and due to the more
acidic character of 2-ME than 2-EE. The spectacular
increases in viscosity (1) may also be attributed to the
mutual that viscosity of the alcohols and amine
molecules, as provided by the Andrade’ s theory [20].

3.3. Excess parameters

The excess values of dielectric permittivity
Ag', excess viscosity An , excess square of refractive
index AnD, excess activation energy AE, for 2-
CA+2-ME and 2-CA+2-EE system are presented in
Fig. 2.

The excess value calculated by using the
relation:

AY=Y m- (X 1Y 1+X 2Y 2) ................................. (3)

Where AY any excess parameters and Y is
refers to the above mentioned quantities the subscripts
m, 1 and 2 used in the above equation are respectively
for the mixture, component 1 and component 2. X,
and X, are the mole fraction of two componentsin the
liquids mixture.

The excess viscosities, excess square of
refractive index and excess activation energy are all
positive indicating strong interaction between the
alcohols and amines molecules. For all there excess
parameters the maxima for the 2-CA+2-ME mixture
occur at X=0.55469 mole fraction of 2-CA and for 2-
CA+2-EE mixture maxima occur at about X= 0.35551
mole fraction of 2CA (Fig. 2a, 2b, 2¢).

The dipole moment of 2-ME and 2-EE
calculated by formula[21]:

Hp = 0.0127 x10™ \[(B, =P)T ceveviiiiiiccrneens (4)

The values of dipole moment pp obtained for
2- ME and 2-EE are pp =0.8994 esu and pp =0.5580
esu, respectively. The higher pp value of 2-ME
indicates that dipole-dipole interaction in 2-ME is
stronger than 2-EE. This behavior of 2-ME is
supported by the higher values of activation energy
and excess activation energy of 2-ME as compared to
2-EE. The deviation of excess activation energy of
viscous flow in these systems indicates the increases
the internal energy of viscous flow thus, supporting
the presence of strong interaction in the system of
alcohols and amines (Fig. 2c).

The variation of the sguare of refractive
indices on mixing with the mole fraction of 2-CA it
can be seen that in (Fig. 2b) That the changes in
refractive index of 2-CA+2-ME and 2-CA + 2-EE are
positive throughout the entire composition range, and
that as the hydrogen bonding of the interactions
increases the change in refractive index becomes
more negative.

The excess dielectric constant of the mixture
was plotted against the mole fraction of 2-CA in the
mixture at 30°C and is shown in Fig. 2d from the
figure it can be seen that negative (2-ME ) 0< X<
0.27,0.38< X <0.53 and at 0.78< X < 1. Positive at
X=0.27<X<0.38 and 058<X<0.72. (2-EE)
positive at 0< X <0.28, 0.40< X <0.58 and again at
0.72< X< 1. Negative at 0.28< X <0.40 and 0.58<
X <0.72, respectively and again showing a positive
vaue of 50% of 2-EE and 55% of 2-ME
concentration of 2-CA, for both the systems. At the
concentration for which Ag' is negative indicates that
molecules of the mixtures form multimer structure via
hydrogen bonding in such a way that the effective
dipole movement is reduced where as the
concentrations for which Ag' is positive indicates that
the molecules of the mixture form multimer structure
via hydrogen bonding in such a way that the effective
dipole moments are increased.

4. CONCLUSION

The dielectric constant, dielectric loss, loss
tangent, viscosity, density, refractive index and excess
parameters have been reported for 2-CA+2-ME and 2-
CA+2-EE  binary mixture a the various
concentrations. These suggest the strong interaction
between the acohols and amine molecules. The
excess parameter curves suggest the more acidic

Orbital Elec. J. Chem. 5 (1): 1-6, 2013



Nemmaniwar et al.

Full Paper

character of 2-ME than 2-EE.
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Abstract: Terpene compounds is a magjor class of natural products found in nature, athough having a
relatively simple structure, their *H-NMR spectra and *3C are complex and have many overlapping signals.
The present study aimed to conduct atheoretical and experimental study in order to determine the structure of
different chiral alcohols through the use of theoretical calculations of NMR shielding tensors (8) and their
comparison with the experimental chemica shifts. The results show that the level of theory adopted in our
studies to describe the structure of the alcohol was adequate, with a good theoretical and experimental
correlation assistsin determining what structure.

Keywords: terpenic acohol; correlation study; NMR; ab-initio calculations

1. INTRODUCAO medicamentos, intermedi&rios sintéticos [1, 2]. Dentre
os alcoois terpénicos mais utilizados o mentol
(CyoH200) vem ganhando destaque, pois € 0 maior

congtituinte do 6leo essencial Labiaceae (encontrado

Os compostos terpénicos constituem uma das
maiores classes de produtos naturais encontrados na

natureza, sendo que mais de 55.000 tipos destes
compostos ja foram descritos na literatura [1, 2].
Dentre as inimeras fungdes biolégicas que sfo
atribuidas aos derivados terpénicos podemos citar:
atrair insetos para promover polinizacdo das flores,
repelente natural, protecdo contra doengas, pigmentos
naturais, entre outras. Industrialmente os terpenos

podem ser utilizados como aromatizantes,
CHs; CHj
: |
“'OH @OH
HsC~ “CHa HsC~ “CHs
(+)-Mentol (-)-Mentol

(-)-Plnanodlol

na peppermint e spearmint) [3], e € o mais empregado
no ramo da industria devido a suas propriedades
anestésicas e anti-inflamatérias [4, 5]. O pinanodiol
(C1oH1805), um diol derivado do a-pineno ¢ utilizado
amplamente como reagente quiral na preparagédo de o-
hidroxicetonas, B-hidroxialilsilanos e reagentes
quirais com duplaalilagdo [6, 7].

HsC, CHg

i\ﬁécm

e on
H3C7 %H
H,C CHj,
(+)-Pinanodiol

Figura 1. Estrutura do dcoois quirais (+) e (-)-mentol e (+) e (-)-pinanodiol.

O desenvolvimento e a utilizagdo dos

derivados terpénicos como novos produtos, € baseado

" Corresponding author. E-mail: |csilva@fc.unesp.br

no conhecimento de sua estrutura e de suas
propriedades fisicas e quimicas e, apesar dos alcoois
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mostrados na Figura 1 possuirem uma estrutura
relativamente simples, seus espectros de RMN-'H e
C B complexos e possuem muitos sinais
sobrepostos (multipletos — espectros de segunda
ordem) e muitos acoplamentos. Portanto, o presente
trabalho tem como objetivo realizar um estudo tedrico
e experimental para determinar inequivocamente a
estrutura destes alcoois quirais através da utilizagdo
calculos teoricos de tensores blindagem de RMN (9),
como ferramenta auxiliar que nos permitira uma
atribuicdo correta de todos os sinais de Ressonancia
Magnética Nuclear de Hidrogénio-1 e Carbono-13, e
correlacionando estes dois métodos.

Nos Ultimos anos, a Ressonancia Magnética
Nuclear (RMN) tem sido um dos métodos mais
poderosos em elucidagdo estrutural e vem provando
ser uma técnica versétil para solucdo de muitos tipos
de problemas na Quimica. Os dados obtidos a partir
de espectros de RMN, em particular deslocamentos
quimicos, sdo amplamente utilizados para caracterizar
0 ambiente quimico individual de &omos [8]. No
entanto, a atribuicdo correta do sina do RMN, bem
como a compreensdo da relacdo entre o deslocamento
quimico e estrutura molecular podem ser problemas
dificeis de solucionar e com o desenvolvimento de
célculos ab initio que estéo cada vez mais precisos, é
possivel utiliza-los como ferramenta para auxiliar na
solucdo destes problemas. Assim sendo, 0 uso das
duas técnicas em conjunto pode ser uma ferramenta
bastante Util para fazer atribuicBes corretas e entender
a estrutura quimica de moléculas[8, 9].

2. MATERIAL E METODOS

A estrutura dos alcoois foi otimizada e apds a

minimizacdo de energia, os dados tedricos de RMN-
3C e 'H foram obtidos pelo método Gauge-
Independent Atomic Orbital (GIAO) [10]. Os célculos
foram realizados com o programa Gaussian09 [11]
aplicando-se o funciona de densidade B3LYP [12],
gue vem demonstrando 6timo desempenho na
simulacdo de diferentes tipos de compostos [13-15],
com o conjunto de funcBes de base cc-pvVDZ [16]
para todos os aomos sendo todos sob o efeito do
solvente (cloroférmio) pelo método Polarizable
Continuum Model using the integral equation
(IEFPCM).[17] Ao final, os resultados tedricos e
experimentais foram comparados por um gréfico de
correlacdo, obtendo-se o coeficiente de correlacdo,
gue indica se os valores obtidos teoricamente estéo
em boa concordancia com os dados experimentais.

Os espectros de RMN-'H de 500 MHz e de
RMN-2®C de 125 MHz foram obtidos em um
espectrometro Bruker DRX-500. Os deslocamentos
quimicos (8) estéo relatados em parte por milhdo
(ppm) em relacdo ao tetrametilsilano (TMS), utilizado
como padrdo interno, utilizando CDCl; como
solvente.

Os compostos analisados {(-)-mentol, (+)-
mentol, (-)-pinanodiol e (+)-pinanodiol} foram
adquiridos comercialmente (Sigma-Aldrich Co.).

3. RESULTADOSE DISCUSSAO

Os dados de RMN experimental dos
compostos estudados neste trabalho foram obtidos
através técnicas de RMN 1D (RMN-'H e ©C) e 2D
(COSsY, HSQC e HMBC) e estdo mostrados nas
tabelas 1 a4.

Tabela 1. Deslocamento quimico e acoplamento parao (+) e (-)-Mentol.

Atribuicdo &C (ppm) Atribuicdo | 6H (ppm) Multiplicidade J(H2) \

C1 71,6 H1 3,40 dt Ji=3,=10,4; J;=4,2.

Cc2 50,2 H2 1,10 ddt J;=12,3; J,=10,4; Jz=J,= 2,8.

C6 45,0 HE' 1,95 dddd J1=12,1; J,=4,2; J3= 3,6; J;= 2,0.
H6” 0,95 m -

C4 34,6 H4 1,64 m -
H4” 0,85 m -

C5 31,6 H5 1,43 m -

C8 25,8 H8 2,16 dhege J1=3,=3:=34=35= Je= 7,0; J;=2,8.

C3 232 H3 1,59 ddt J;=11,5; J,= 3,4; J=J,= 3,0.
H3” 1,00 m -

(074 22,2 H7 0,90 d Ji=6,5

C10 21,0 H10 0,92 d Ji=70

C9 16,1 H9 0,80 d Ji=70

Orbital Elec. J. Chem. 5 (1): 7-16, 2013
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Tabela 2. CorrelagBes *H / *H and *H / **C parao (+) e (-)-Mentol.

C HSQC COosy HMBC
C1 H1 H2, H6', HE”’ H2, H3', H3"’, H6', HE'", H8
Cc2 H2 H1, H3', H3"", H8 H1, H3', H3"’, H6', H6'’, H8, HY, H10
C6 HE’ H1, H4', H5, HE’ H1, H2, H4", H5, H7
H6"’ H1, H5, HE'
C4 H4 H3', H3"', H4"’, H5, HE' H2, H3', H3"’, H5, HE', HE"”
H4” H3', H3"", H4', H5,
C5 H5 H4', H4",H6', H6'"’, H7 | H1, H3', H3"’, H4', H4'", HE', HE'', H7
Cc8 H8 H2, H9, H10 H1, H2, H3', H3"", H9, H10
C3 H3' H2, H3'’, H4', H4" H1, H2, H4', H4", H8
H3" H2, H3', H4', H4”
Cc7 H7 H5 H5, HE'
C10 | H10 H8 H2, H8, H9
C9 H9 H8 H2, H8, H10

Tabela 3: Deslocamento quimico e acoplamento para o (+) e (-)-Pinanodiol.

Atribuicdo 8C (ppm) Atribuicdo &H (ppm) Multiplicidade J(H2)

C6 739 - - - -

C1 69,3 H1 3,99 ddd J1=9,4; J,(OH)= 6,5; J:=5,3.

C5 54,0 H5 2,01 t J;=3,=6,0

C3 40,5 H3 1,92 tdd J1=3,= 6,0; J3= 3,6; J,=2,5

C8 389 - - - -

Cc2 38,2 H2 2,45 dddd Ji=14,0; J,= 94; J;= 3,6; J,= 2,5
H2” 1,64 ddd Ji=14,0; J,=53; ;=25

c7 29,6 H7 1,31 S -

c4 28,0 H4 2,20 dtd Ji=10,5; J,=3:= 6,0; J,=2,5
H4” 1,36 J;=10,5

C9 27,8 H9 1,27 -

C10 24,1 H10 0,94 S -

Tabela 4. Correlagdes *H / *H and *H / **C parao (+)
e (-)-Pinanodioal.

C HSQC cosy HMBC
[e3 - - H1, H2', H2", H5, H7
Cl| H1 H2', H2" H2', H2", H6, H7
C5 | H5 H3, H4” H3, H4', H4”, H9, H10
C3 | H3 | H2,H2",H3, | H2,H2' H4, HA4",
H4 H5, H9, H10
c8 - - H3, H5, H9, H10
C2 | H2 | HLH2",H3, H1, H3, H4'
H4
H2" | HL1,H2,H3
C7 | H7 - H1, H5
C4 | H4 | H2,H3 H4", H2', H3,H5
H5
H4" H&
C9 | H9 : H3, H5, H10
C10 | H10 - H3, H5, H9

Os espectros de RMN 1D e 2D dos édcoois
terpénicos foram bastantes (teis na atribuicdo dos
deslocamentos quimicos dos hidrogénios. Parao (+) e
0 (-)-mentol ndo foi possivel determinar todas as
constantes de acoplamento (J) presentes nas
moléculas, devido a alta incidéncia de sobreposicao
entre os sinais no espectro de RMN-'H, mas foi
possivel verificar um acoplamento em W entre os
hidrogénios 4' e 6, verificado pelo espectro de
COSY, apresentando um acoplamento de 2,0 Hz.

Para o (+) e o (-)-pinanodiol, algumas das
constantes de acoplamento medidas mostraram-se
interessantes, como por exemplo, o acoplamento em
W entre H3 e H5 na ordem de 6,0 Hz, também
verificado no espectro de COSY, e a inexisténcia de
acoplamento entre H3 e H4'’, e entre H5 e H4'. Isto
pode ser explicado devido aos angulos diedros
(H3/H4" e H-5/H4’) serem proximos de 90° no

Orbital Elec. J. Chem. 5 (1): 7-16, 2013
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pinanodiol. Todos estes resultados concordam com a
conformagdo obtida por modelagem molecular.

Paralelamente as anadlises experimentais, foi
realizado um estudo de minimizacdo de energia dos
dlcoois quirais estudados, utilizando o programa

Gaussian09 e aplicando-se o funcional de densidade
B3LYP com o conjunto de funcdes de base cc-pvVDZ
para todos os &omos sendo todos sob o efeito do

solvente, as estruturas obtidas estdo mostradas na
Figura 2.

(c)

(d)

Figura 2. Estruturas minimizadas: (a) (+)-mentol, (b) (-) mentol, (c) (+) pinanodiol e (d) (-) pinanodiol.
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Apbés a otimizacdo das estruturas, foram  experimentalmente. Os dados dos deslocamentos
obtidos os dados tedricos dos tensores blindagem de  quimicos tedricos e experimental estdo dispostos nas
RMN (&) para carbono e hidrogénio e comparados  tabelas5a8.
com 0s dedocamentos quimicos  obtidos

Tabela 5. Deslocamento quimico tedrico/experimental parao (-)-Mentol.

Atribuigéo 8C? aCP Desvio Ponderado | Atribuicio SH? oHP Desvio Ponderado
(ppm) (ppm) 8C (ppm) (ppm) oH
C1l
Cc2 60,2 50,2 0,20 H2 1,17 1,10 0,06
C6 54,5 45,0 0,21 HE’ 2,77 1,95 0,42
H6” 1,35 0,95 0,42
C4 42,3 34,6 0,22 H4' 2,40 1,64 0,46
H4” 1,60 0,85 0,88
C5 41,3 31,6 0,31 H5 2,16 1,43 0,51
C8 441 25,8 0,71 H8 2,29 2,16 0,06
C3 37,6 23,2 0,62 H3 2,61 1,59 0,64
H3” 1,74 1,00 0,74
(074 30,8 22,2 0,39 H7 1,48 0,90 0,64
C10 289 21,0 0,38 H10 1,69 0,92 0,84
C9 28,3 16,1 0,76 H9 1,45 0,80 0,81
Desvio 0,40 0,51
Médio

dvalores tedricos
Byalores experimentais

Tabela 6. Deslocamento quimico tedrico/experimental para o (+)-Mental.

Atribuicéo 8C? 8CP Desvio Ponderado | Atribuicio SH? SHP Desvio Ponderado

(ppm) (ppm) 6C (ppm) (Pppm) oH

Cl 84,87 71,6 0,19 H1 4,16 3,40 0,22

Cc2 56,37 50,2 0,12 H2 2,51 1,10 1,28

C6 54,07 45,0 0,20 HE' 2,33 1,95 0,19

H6” 1,83 0,95 0,93

C4 42,23 34,6 0,22 H4' 2,41 1,64 0,46

H4” 1,68 0,85 0,98

C5 40,46 31,6 0,28 H5 2,16 1,43 0,51

C8 43,11 25,8 0,67 H8 2,31 2,16 0,07

C3 36,89 23,2 0,59 H3 2,51 1,59 0,58

H3” 1,77 1,00 0,77

C7 28,70 22,2 0,29 H7 1,53 0,90 0,70

C10 31,45 21,0 0,50 H10 1,44 0,92 0,57

C9 27,39 16,1 0,70 H9 151 0,80 0,89

Desvio 0,38 0,82
Médio

4valores tedricos
Byal ores experimentais
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Tabela 7. Deslocamento quimico tedrico/experimental para o (-)-pinanodiol.

Atribuicéo 8C? 8CP Desvio Ponderado | Atribuicio SH? SHP Desvio Ponderado
(ppm)  (ppm) 8C (ppm)  (ppm) H
C6 80,1 739 0,08 - - - -
Cl 76,7 69,3 011 H1 47 3,99 0,18
C5 61,7 54,0 0,14 H5 2,8 2,01 0,33
C3 49,7 40,5 0,23 H3 2,7 1,92 0,41
C8 48,6 38,9 0,23 - - - -
c2 46,3 38,2 0,21 H2 31 2,45 0,27
H2" 24 1,64 0,46
C7 36,5 29,6 0,23 H7 19 1,31 0,45
C4 37,6 28,0 0,34 H4 2,9 2,20 0,32
H4" 2,6 1,36 0,91
C9 34,2 27,8 0,23 H9 1,78 1,27 0,40
C10 30,5 24,1 0,27 H10 1,76 0,94 0,87
Desvio 0,21 0,46
Médio

valores tedricos
Byal ores experimentais

Tabela 8. Deslocamento quimico tedrico/experimental para o (+)-Pinanodiol

Atribuicéo 8C? 8CP Desvio Ponderado | Atribuicio SH? SHP Desvio Ponderado
(ppm) oC (ppm) (ppm)
C6 82,08 739 0,11 - - - -
Cl 74,48 69,3 0,07 H1 477 3,99 0,20
C5 62,54 54,0 0,16 H5 2,62 2,01 0,30
C3 49,58 40,5 0,22 H3 2,74 1,92 0,43
C8 49,33 38,9 0,27 - - - -
c2 46,96 38,2 0,23 H2 3,33 2,45 0,36
H2" 2,40 1,64 0,46
C7 35,30 29,6 0,19 H7 2,21 1,31 0,69
C4 37,35 28,0 0,33 H4 2,97 2,20 0,35
H4" 2,42 1,36 0,78
C9 33,99 27,8 0,22 H9 1,80 1,27 0,42
C10 29,73 24,1 0,23 H10 1,81 0,94 0,93
Desvio 0,20 0,49
Médio

4valores tedricos
Byal ores experimentais

Pode-se observar pela andlise das tabelas 5 a 8
de deslocamentos quimicos que a média dos desvios
ponderados referentes ao carbono e hidrogénio dos
compostos deu valores baixos, sendo que o maior
valor do desvio foi de 0,82 que se refere ao
deslocamento quimico do hidrogénio para o (+)-
mentol. Considerando o0s vaores dos desvios

ponderados, o atomo de carbono-1 do (-)-pinanodiol,
foi 0 que apresentou 0 menor desvio em comparacéo
com o deslocamento quimico experimental e o atomo
de hidrogénio-2 do (+)-mentol, foi 0 que apresentou o
maior desvio. Porém, analisando os desvios médios,
podemos observar que estes valores indicam uma boa
correlacdo entre os dados experimentais e tedricos,
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sendo que, o (-)-mentol apresentou um desvio menor
gue o (+)-mentol e o (+)-pinanodiol apresentou um
desvio menor que o (-)-pinanodiol, mas comparando
0S quatro compostos, 0s compostos pinanodiol
apresentaram 0 menor desvio, 0 que pode ser
confirmado pelo estudo de correlacdo dos dados
experimentais com os dados teoricos, possibilitando a
obtencdo de um coeficiente de correlacdo para cada
um dos compostos estudados. Os graficos de
correlacdo estdo demonstrados nas figuras 3 e 4 para
carbono e hidrogénio, respectivamente, e o0s
coeficientes de correlacdo estdo dispostos na Tabela
9.

Pela andlise dos resultados tedricos e
experimentais apresentados, podemos observar que o

modelo  tedrico empregado  B3LYP/cc-pvDZ
descreveu bem o deslocamento quimico de RMN-'H e
de 3C dos dcoois estudados, visto que a variacdo
entre os valores tedricos e experimentais foi pequena,
jaque os valores dos coeficientes de correlagdo deram
bem préximos de 1, sendo que o (-)-pinanodiol
apresentou o melhor resultado, com coeficiente de
correlagdo para deslocamento quimico de carbono de
0,9888 e de hidrogénio de 0,9429. Assim, podemos
concluir que as andlises tedricas redlizadas para os
compostos estudados foram eficientes para descrever
e auxiliar na atribuicdo das estruturas dos acoois
terpénicos  estudados com bons  resultados
comparativos.

Tabela 9. Coeficientes de correlagdo RMN-*H e RMN-2C

14

Composto Coeficiente de correlacéo Coeficiente de correlacdo
'H-RMN BC-RMN
(+) mentol 0,8547 0,9577
(-) mentol 0,8918 0,9592
(+) pinanodiol 0,9538 0,9873
(-) pinanodiol 0,9429 0,9888
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Figura 3. Graficos de correlacdo para desocamento quimico de Carbono-13: (a) (+)-mentol, (b) (-)-mentoal, (c)
(+)-pinanodiol e (d) (-)-pinanadial.

Orbital Elec. J. Chem. 5 (1): 7-16, 2013



Marana et al.

Full Paper

R =0,8547

deslocamento quimico teérico 'H (ppm)

0 0,5 1 15 2 2,5 3 3,5 4

deslocamento quimico experimental H (ppm)

@

1 r=08018

deslocamento quimico tedrico *H (ppm)

o] 0,5 1 15 2 25 3 35 4

deslocamento quimico experimental *H (ppm)

1R =09538

deslocamento quimico teérico H (ppm)

0 T T T T 1
0 1 2 3 4 5

deslocamento quimico experimental *H (ppm)

(b)

(©

| R=0,9429

deslocamento quimico teérico H (ppm)

0 T T T T 1
0 1 2 3 4 5

deslocamento quimico experimental H (ppm)

(d)

Figura 4. Gréficos de correlacdo para desocamento quimico de Hidrogénio-1 (@) (+)-mentol, (b) (-)-mental, (c)
(+)-pinanodiol e (d) (-)-pinanadial.

4. CONCLUSAO

Podemos concluir que o nivel de teoria
adotado em nossos estudos para descrever a estrutura
dos dcoois foi adequado, apresentando uma boa
correlagéo tedrico-experimental 0 que nos auxiliou na
determinacdo da estrutura dos alcoois estudados.

A correlacdo entre os dados experimentais e
tedricos mostra ser uma excelente ferramenta para
auxiliar a €ucidagcdo estrutura e atribuicdo
inequivoca de sinais de RMN dos écoois estudados.
Outro ponto a ser destacado neste trabalho € que os
valores tedricos de desocamento quimico de RMN
obtidos com o nivel de teoria B3LYP/cc-pvDZ
possibilita associar um custo computacional ndo téo
elevado a uma precisdo apurada dos resultados
obtidos.
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Abstract: Silica sulphuric acid-catalyzed, simple, one-pot, cost effective and environmentally benign process
for the synthesis of dihydropyrimidones is described. The novel compounds were tested for antibacterial
activity and was found to be effective against some gram positive and gram negative bacteria.
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1. INTRODUCTION

The development of simple and eco-friendly
synthetic procedures constitutes an important goal in
green chemistry. Solvent-free reactions are the subject
of constant development because of its ease set-up,
mild conditions, increased yields of products, cost
efficiency and environment friendliness compared to
their solution counterparts.

The Biginelli reaction is a well-known
multicomponent  reaction involving a one-pot
cyclocondensation of an aldehyde, B-ketoester and
urealthiourea [1, 2]. Multicomponent reactions
(MCRs) have recently gained tremendous importance
in organic and medicina chemistry. The main
contributing factors are the high atom economy, wide
application in combinatorial chemistry and diversity-
oriented synthesis [3]. Organic solvent free reaction
has attracted considerable interest due to increasing
awareness about environmental problems in chemical
rescarch and industry [4]. In general, the
dihydropyrimidones (DHPMs) and their derivatives
are known for their diverse important biological
activities and pharmacological properties [5]
including antiviral, antitumor, antibacterial , anti-
inflammatory, analgesic, blood palette aggregation
inhibitor, cardiovascular activity, and potent calcium
channel blockers [6, 7]. The biological activity of

" Corresponding author. E-mail: mazahar_64@rediffmail.com

some recently isolated akaloids has aso been
attributed to the presence of dihydropyrimidinones
moiety in the molecules. Notable among these are the
batzelladine akaloids, which have been found to be
potent HIV gp-120-CD4 inhibitors [8].

The first report of the Biginelli reaction in
1893, which is one of the most important reactions for
the synthesis of dihydropyrimidinones based on acid
catalyzed three-component condensation of 1,3-
dicarbonyl compounds, adehydes and urea [9].
Nowadays many methods have been reported for the
preparation DHPMs. But unfortunately these methods
led to low to moderate yields particularly when
substituted aromatic or aliphatic adehydes and
thiourea were employed. To overcome this problem,
various homogeneous as well as heterogeneous
catalysts have been utilized. Such as Sr(OTf), [10],
In(OTf); [11], Yb(OTf); [12], BI(OTf)s; [13],
Cu(QOTf);, [14], Ln(OTf)5 [15], CuCl, [16] , LiBr [17],
MgBr, [18], BF; [19], FeCl; [20], BiCl; [21], InCl;
[22], zrCl, [23], ZrOCl, [24], PPE [25], polymer
supported ytterbium reagents [26], baker’s yeast [27],
The heterogeneous catalysts used in this reaction
involve the use of KSF (montmorillonite) [28],
Zeolite (TS-1) [29] , HZSM-5 [30]. The limitationsin
using the above mentioned catalysts were elevated
reaction temperatures, solvent mediated reactions and
moderate yields of the products. We report the silica
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sulfuric acid (SSA, Scheme 1) as an efficient catalyst
for the preparation of DHPMs.

Si0z—OH + CISO3H— Si0o;—0SO;H + HCI *

Scheme 1. SSA preparation.
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between an adehyde, a R-ketoester and urea
congtitutes a rapid and facile synthesis of
dihydropyrimidones, which are  interesting
compounds with a potential for pharmaceutical
application (Scheme 2). This method has been
developed for the synthesis of region and
steroselective synthesis of DHPMs without using any
chiral catalyst.

X

(4a-1)
Scheme 2. SSA catalyzed synthesis of dihydropyrimidinones.

electrophile for the nucleophilic addition of the
ketoester enol and the ketone carbonyl of the resulting
adduct undergoes condensation with the urea NH, to
give the cyclized product (Scheme 2).
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Scheme 2. Mechanism.

2. MATERIAL AND METHODS

TLC routinely checked the purity of the
synthesized compounds on silica gel coated plates.
IR spectra are recorded in KBr pellets on a Perkin-
Elmer FTIR, PMR spectra are recorded on Perkin-
Elmer Jeol FX 90 QC 300 MHz instrument in
CDCls, chemical shifts are reported in d values
usng TMS as an interna standard. Organic
solutions were dried over anhydrous Na,SO, and

concentrated below 40 °C in vacuum.

2.1. Typical procedure for the synthesis of
DHPM

A mixture of benzaldehyde (0.50 g, 4.71
mmol), ethyl acetoacetate (0.613 g, 4.71 mmol),
urea (0.424 g, 7.07 mmol), water (5 mL) and
catalytic amount of silica sulphuric acid was reflux
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for 30 min (TLC check). The reaction mixture after
cooling to room temperature was poured into
crushed ice and tirred for 5-10 min. The solid
separated was filtered and washed with ice-cold
water. To separate the catalyst from the product, the
mixture was treated with hot ethanol and filtered.
The residue, being the catalyst, was dried and
reused. The filtrate on concentration afforded the
product, which was found to be sufficiently pure to
obtain analytical data.

3. RESULTS AND DISCUSSION

The results, summarized in Table 1,
indicated that this protocol is able to tolerate the
structural variety. Aromatic aldehydes are subjected
to this condensation very efficiently. Besides the -
ketoester have been employed in the present study,
thiourea has been used with similar success to
provide the corresponding dihydropyrimidines.
Solventless Biginelli reaction acid no special
precaution was needed in handling. The catalyst
can be reused for several times. When the reactions
were preceded without catalyst, low yield was
obtained for acyl acetate as a substrate; no product
was detected for p—diketones.

In summary, a new and efficient modified
Biginelli reaction has been described. The
advantages of this environmentally benign reaction
include the simple reaction set-up, high product
yields, short reaction time and needless reaction
solvents. In addition, the catalyst can be recovered
and reused, so it is valuable in the economic point
of view.

The reusability of the catalyst is an
important ~ factor  from  economical  and
environmental point of views and has attracted
much attention in recent years. Therefore, the
reusability of silica sulfuric acid was examined in
the Biginelli reaction under optimized reaction
conditions. As slica sulfuric acid is a
heterogeneous catalyst, it was separated by simple
filtration after dilution of the reaction mixture with
CHCl;, dried at 60 °C and reused. The results
showed that the catalyst can be used 5 times
without loss of its activity.

We could achieve the synthesis of this
compound in one step using 3-
hydroxybenzaldehyde, thiourea, ethyl acetoacetate
and SSA under the above mentioned reaction
conditions. Monastrol (Figure 1) was obtained in

94% yield. The most important and salient feature
of the present reaction is the recyclability of the
catalyst and the scalability of the reaction. It was
observed that the catalyst could be reused at least
five times. Use of the recycled catalyst in the
reaction had no effect either on the yield of the
product or the quality of the product. Moreover, no
side products were observed in these reactions.
Furthermore, the reaction can be scaled up to a
multigram scale. This was demonstrated by
preparing 11.2 g of monastrol starting with 5.0 g of
3-hydroxybenzaldehyde. Thus an efficient one-step,
solvent-free synthesis of DHPMs was achieved in
very good yields.

OH

/\o NH

| A

H
Figure 1. Example of biologically active
monastrol.

3.1. Antibacterial activity

Antibacterial  activities of synthesized
compounds were examined in vitro by known agar
diffusion cup method (4a-1). All the compounds
were tested for activity against gram-positive
bacteria and gram-negative bacteria like Neisseria
gonorrhoeae, Proteus vulgaris, Bacillus subtilis,
Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus. The culture medium was
nutrient agar. All the compounds were dissolved in
DMF (500 ppm concentration) and DMF used as
control.  Streptomycin  and Neomycin  were
employed as the standard drug. The results are
summerised in Table 5.

5-Ethoxycar bonyl-6-methyl-4-phenyl-3,4 -
dihydropyridin-2(1H)-one (4a): IR (KBr): 1606,
1647, 1664, 3215, 3319 cm -1, 1H-NMR (300
MHz, DMSO-d6): § 1.10 (t, J = 7.1 Hz, 3H), 2.24
(s, 3H), 3.98 (q, J = 7.1 Hz, 2H), 5.13 (s, 1H), 7.30
(m, 5H), 7.74 (s, NH), 9.19 (s, NH).

5-Ethoxycar bonyl-6-methyl-4(4-chlorophenyl)-3,4-
dihydropyridin-2(1H)-one (4b): IR (KBr): 1649,
1704, 1723, 3242 cm -1, 1H-NMR (300 MHz,
DMSO-d6): 6 1.06 (t, J = 7.2 Hz, 3H), 2.24 (s, 3H),
3.98 (g, J = 7.2 Hz, 2H), 5.13 (s, 1H), 7.30 (d,
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J=8.4Hz, 2H), 7.40 (d, J=8.4Hz, 2H), 7.74 (s, NH),
9.19 (s, NH).

5-Ethoxycar bonyl-6-methyl-4(2,3-dichlorophenyl)-

3,4-dihydropyridin-2(1H)-one (4c): IR (KBr):
1640, 1690, 1700, 3100, 3360 cm -1, 1H-NMR
(300 MHz, DMSO-d6): 4 0.97 (t, J = 7.5 Hz, 3H),
2.31 (s, 3H), 3.89 (q, J= 7.5 Hz, 2H), 5.69 ( s, 1H),
7.25-7.43 (d, J=8.4Hz, 2H), 7.40 (d, J=8.4Hz, 1H),
7.80 (s, NH), 9.19 (s, NH).

5-Ethoxycar bonyl-4(4-methyl phenyl)-6-methyl-3,4-
dihydropyridin-2(1H)-one (4d): IR (KBr): 1650,
1725, 2981, 3114, 3245 cm-1, 1H-NMR (300 MHz,
DMSO0-d6): 6 1.08 (t, J = 7.5 Hz, 3H), 2.21 (s, 3H),
3.95 (g, J=7.5Hz, 2H), 5.08 (s, 1H), 7.09 (m, 4H),
7.70 (s, NH), 9.13 (s, NH).

5-Ethoxycar bonyl-4-(4-methoxyphenyl)-6-methyl -
3,4-dihydropyridin-2(1H)-one (4e): IR (KBr):
1644, 1748, 2926, 3084, 3224 cm-1, 1H NMR (300
MHz, DMSO-d6): 8 1.12 (t, J = 7.1 Hz, 3H), 2.26
(s, 3H), 3.72 (s, 3H), 3.99 (g, J = 7.1 Hz, 2H), 5.09
(s, 1H), 6.90 (d, J=8.6 Hz, 2H), 7.16 (d, J=8.6 Hz,
2H),7.69 (s, NH), 9.20 (s, NH).

5-Ethoxycar bonyl-4-(2-hydroxyphenyl)-6-methyl-
3,4-dihydropyridin-2(1H)-one (4f): IR (KBr): 1705,
1748, 2926, 3084, 3224 cm-1, 1H-NMR (300 MHz,
DMSO0-d6): 6 1.22 (t, J = 7.1 Hz, 3H), 2.72 (s, 3H),
4.49 (g, J=7.1Hz, 2H), 5.10 (s, 1H), 6.77(d, J= 8.1
Hz, 1H), 6.90 (t, J= 7.5Hz, 1H), 7.23-7.14 (m, 2H),
7.62 (s, NH), 9.02 (s, NH), 9.31 (s, OH).

5-Ethoxycar bonyl-4-(4-hydroxyphenyl)-6-methyl-
3,4-dihydropyridin-2(1H)-one (4g): IR (KBr):
1641, 1690, 2982, 3290 cm-1, 1H NMR (300
MHz, DMSO-d6): § 1.08 (t, J = 7.2Hz, 3H), 2.20 (s,
3H), 3.96 (q, J=7.2Hz, 2H), 5.05(s, 1H), 6.67 (d, J
= 6.9 Hz, 2H), 7.00 (d, J=6.9Hz, 2H), 7.60 (s, NH),
9.06 (s, NH), 9.31 (s, OH).

5-Ethoxycarbonyl-6-methyl-4-(2-nitrophenyl)-3,4-
dihydropyridin-2(1H)-one (4h): IR (KBr): 1650,
1710, 3110, 3240 cm-1. 1H NMR (300 MHz,
DMSO0-d6): 6 0.94 (t, J = 7.5 Hz, 3H), 2.30(s, 3H),
3.88(q, J=7.5Hz, 2H), 5.81 (s, 1H), 7.49-7.98 (m,
5H), 7.87 ('s, NH), 9.31 (s, NH).

5-Ethoxycar bonyl-6-methyl-4-(4-nitrophenyl)-3,4-
dihydropyridin-2(1H)-one (4i): IR (KBr): 1650,
1710, 1730, 3230cm-1, 1H NMR (300 MHz,
DMSO0-d6): 6 1.04 (t, J = 7.1 Hz, 3H), 2.21 (s, 3H),
3.95(q, J= 7.1 Hz, 2H), 5.24 (s, 1H), 7.50 (d, J=8.7
Hz, 2H), 7.87 (s, NH), 8.20 (d, J=8.7 Hz, 2H), 9.31
(s, NH).

5-Ethoxycar bonyl-6-methyl-4-phenyl-3,4-
dihydropyrimidin-2(1H)-thione (4j): IR (KBr):
1186, 1467, 1571, 1662, 1705, 2988, 3180 cm-1,
IH NMR (300 MHz, DMSO-d6): & 1.09(t,
J=6.0Hz, 3H), 2.28 (s, 3H), 3.96 (g, J = 6.0 Hz,
2H), 5.19 (s, 1H), 7.28-7.18 (m, 5H), 9.66 (br, s,
NH), 10.32 (br, NH).

5-Ethoxycar bonyl-4-(3-hydr oxyphenyl)-6-methyl-
3,4-dihydropyridin-2(1H)-thione (4k): IR (KBr):
3300, 3180, 2900, 2600, 1680, 1651, 1570 cm-1.
1H NMR (300 MHz, DMSO-d6): 6 1.10 (t, J=7.50
Hz, 3H), 2.36 (s, 3H), 4.08 (g, J = 7.50 Hz, 2H),
5.22(s, 1H), 6.64-6.78 (m, 3H), 7.02-7.15 (m, 1H),
7.87(s, NH), 9.18 (s, NH), 9.82 (s, OH).

5-Ethoxycar bonyl-4(4-methyl phenyl)-6-methyl-3,4-
dihydropyridin-2(1H)-thione (4l): IR (KBr): 3245,
3114, 2981, 1725, 1706, 1650 cm-1. 1H NMR (300
MHz, DMSO-d6): 6 1.08 (t, J = 7.03 Hz, 3H), 2.21
(s, 3H), 2.48 (s, 3H), 3.95 (g, J= 7.03 Hz, 2H), 5.08
(s, 1H), 7.09 (m, 4H), 7.89 (s, NH), 9.13 (s, NH).

Tablel. Silica-sulphuric acid catalyzed synthesis

of DHPMs.

Entry R X mp.(°C) % Yidd
4a Ph- O 204 Iiff 98
4b 4-Cl-Ph- O  2141it® 95
4 23(ClPh- O 2451it® 96
4d 4-CHs-Ph- O 2121it® 94
4e  4-OMePh- O 2021t 94
4f 2-HO-Ph- O  200lit® 97
4g 4-HO-Ph- O  2271it8 94
4h 2-NO,-Ph O  220lit® 95
4 4-NO,Ph O 208lit® 92
4 Ph- S  205lit8 95
4k 3-OH-Ph- S 188 97
4 3-CHyPh- S 222 96

Table 2. Effect of solvent on the yield of DHPMSs.

Entry Solvent Yields %
1 Ethanol 60
2 THF 65
3 DMF 60
4 DMSO 60
5 Water 98

Table 3. Recovery of SSA catalyst.

Entries Product % Yield of SSA
Recyclee Recyclee  Recycle-
1 2 3
1 da 98 20 85
2 4b 95 93 87
3 4c 96 89 83
4 4d 94 87 82

Orbital Elec. J. Chem. 5 (1): 17-22, 2013
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Table 4. Optimization of the reaction conditions.
Entries Catalyst Temp Time Yield %
()

1 InBr3 reflux 7hr 75

2 PPE reflux 15 hr 94

3 TEBA reflux 2hr 90

4 SSA rt 20hr 0

5 SSA reflux 30 mints 98

Table 5. Antibacteria activity of DHPMs (Minimum Inhibitory Concentration).

Ng Pv Bs Ec Sa Pa
4a Ph- 0] 28 21 18 20 24 29
4b 4-Cl-Ph- (@) 25 23 22 19 32 24
4c 3,4-(Cl),-Ph- @) 25 19 24 15 21 18
4d 4-CH3-Ph- (@) 28 23 18 30 29 23
de 4-OMe-Ph- o 30 39 38 28 30 33
Af 2-HO-Ph- (@) 28 31 32 39 34 29
49 4-HO-Ph- 0] 29 27 24 21 27 30
4h 2-NO,-Ph (@) 30 35 26 28 30 24
4i 4-NO,-Ph o 35 23 25 26 28 32
4j Ph- S 37 36 30 18 32 27
4k 3-OH-Ph- S 30 37 28 39 30 28
4 3-CHs-Ph S 39 38 26 25 37 28
Streptomycin 40 40 40 40 40 40
Neomycin 10 10 10 10 10 10

Neisseria gonorrhoeae ( Ng), Proteus vulgaris (Pv),

aeruginosa (Pa), Staphylococcus aureus (Sa)

4. CONCLUSION

The reaction is carried out ecofriendly and
good vield is obtained. The novel compounds are
tested for antibacterial activity against gram-positive
bacteria and gram-negative bacteria like Neisseria
gonorrhoeae, Proteus wulgaris, Bacillus subtilis,
Escherichia  coli, Pseudomonas  aeruginosa,
Saphylococcus aureus. The compounds show
appreciable activities between the alcohols and amine
molecules. The excess parameter curves suggest the
more acidic character of 2 ME than 2 EE.
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Abstract: We studied the behavior of different pH values of Rhodamine B solution impregnated into pores of
mesoporous silica, through structural characterization techniques, such as scanning electron microscopy and
porosity measurements, and spectroscopic characterization techniques, such as infrared and luminescence
spectroscopy; in order to applicationsin luminescence. Because, Rhodamine B is an interesting xanthene dye
whose optical properties depend of many factors, dye concentration and pH values. MSU-4 type mesoporous
silica has been synthesized with Tween 60 surfactant as directing-structure agent and tetraethyl orthosilicate
(Si(OEY)4, TEOS) as silica source. The mesoporous structures doped with dyes are promissory materials for
several applications, for example, optical sensors and biomarkers.

Keywords: biological markers; xanthenes dye; photoluminescence; pH effect

1. INTRODUCTION

Xanthenes dyes are widely used, mainly for
optical sensing of O,, CO,, H,S, organic compounds
containing sulfur and NHj3;, and also pH sensors,
immunoassays, and many others applications [1].

Rhodamine B is a xanthene dye whose optical
properties depend of several factors, such as solvent,
concentration and pH value [2]. The carboxyl group
participates of typical acid-base balance, wherein the
acidic and basic forms are strongly luminescent and
colored [2]. Rhodamine B and others xanthenes dyes
have been extensively studied in solution, the
molecular structure and the solvent have an important
role on deactivation of non-radiactive pathways of the
first excited state these dyes [3]. By emission spectra
of Rhodamine B it's possible to detect changes on
surface pH [2]. So, Rhodamine B is an interesting
molecule with spectral luminescence properties that
makes it useful as a biomarker, important for studies
of biological systems and sensors [4], and aso as
sensing probe for detection of heavy metals[5].

Discovery of mesoporous crystalline materials,
in 1992 [6, 7], arouse the interest of scientists working

" Corresponding author. E-mail: marcomartines@gmail .com

in the field of synthesis of zeolites and materials,
catalysis and materials science [8, 9]. This new class
of materials attracted great attention due potentials
applications [10], including in biology and medicine
areas.

Mesoporous materials possess high surface
area due narrow distribution size pores that promotes
space, like as a host for chemical controlled inclusion
into the pores. Mesoporous materials enable new and
promising applications of these materials in several
areas, such as chemistry, materials science, biology
and medicine [11, 12], for example, catalysis;
adsorption of heavy metals (environmental
decontamination) and ultrafiltration membranes [13];
gas storage; HPLC columns [14]; and drug delivery
and materials for bone regeneration and tissue. Dyes
molecules encapsulated in mesoporous materials are
promising for applications in medicine area as self-
diagnostic kits; and devel oping of biomarkers[15].

Dye and inorganic component may be mixed
in nanometric scale, such hybrids are extremely
versatile in their processing and composition, as well
optical and mechanical properties [16]. Incorporation
promotes isolation and protection against
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intermolecular  interactions,
photodegradation.

rearrangement and

Then in this work, we studied the behavior of
different pH values (2.0; 7.0, and 11.0) of Rhodamine
B solution impregnated into pores of mesoporous
sllica, through structural and  spectroscopic
characterization techniques in order to applications in
luminescence.

2.MATERIAL AND METHODS

All reagents were purchased from Sigma-
Aldrich, Acros Organic or Fluka and used as received.

2.1. Preparation of mesoporoussilica

Mesoporous silica MSU-4 type was
synthesized  with polyoxyethylene  sorbitan
monostearate (Tween 60®), as structure directing
agent, and tetraethyl orthoslicate (TEQS), as silica
source, in atwo-step procedure. Micellar solution was
prepared at room temperature mixing 2x10% mol of
Tween 60® and water, the pH was adjusted with
hydrochloric acid (HCI 1 mol.L™) and 16x102 mol of
TEOS was added. The final step of condensation was
performed by addition of sodium fluoride (NaF
0.25mol.L™), and finally, the reaction remained in
condensation for 72 h and 65 °C under stirring,
elapsed this time the obtained precipitate was filtered
[14]. After the filtering, the obtained silica was
calcined a 600 °C for complete removal of the
surfactant.

2.3. Preparation of Rhodamine B solutions

Aqueous solution of Rhodamine B (2x10™
mol.L™%) was prepared with 0.01 g of Rhodamine B in
a flask balloon. The pH vaues (2.0; 7.0; 11.0) were
adjusted with HCI (0.09 mol.L™) solution, and sodium
hydroxide (NaOH 0.05 mol.L™) solution.

2.3. Impregnation of Rhodamine B solutions in
mesoporous silica

Were mixing with calcined silica, 5 mL of
each solution of Rhodamine B prepared in different
pH values, until solubilization, after this, each mix of
silica and Rhodamine B solution was washed three
times with distilled water and dry at 50 °C in a stove.

2.4. Characterization

The obtained material passed through the
following characterization techniques: Scanning
Electron Microscopy (SEM), to observe morphology
and size of the particles, was carried out in an
electronic microscope ZEISS DSM 960 at 20 kV. The
SEM measurements was carried out in Brazilian
Nanotechnology National Laboratory - LNNANO.
Porosity measurements, to collect information about
surface area and pores diameter, was performed in a
Micromeritcs 2010 using standard continuous
proceeding, initial degassing of samples at 150 °C for
15 h. Surface areas were determined by the
Brunnauer-Emmett-Teller (BET) method within a
relative pressure range of 0.05-0.2. Pore size
distributions were calculated only for sizes above 2.5
nm from the desorption branch, using a polynomial
correlation between relative pressure and pore
diameter deduced from the Broekhoff and Boer (BdB)
model [17, 18]. To facilitate comparisons, the reduced
adsorption curves (isotherms divided by the amount
adsorbed at a relative pressure of 0.8) were displayed
[19]. The absorption effect was corrected for all the
samples. Small-angle X-ray scattering (SAXS), in
order to analyze pores’ arrangement and organization,
was measured on National Laboratory Synchroton
Light (LNLS Campinas, Brazil), using asymmetric
dit and silicon monochromator (111), with
monochromatic beam (A= 1.488 A) and horizontal
focus. The scattered intensity was collected with
“imaging plate” at 849.64 mm of the sample. The
camera length corresponds to a scattering vector q
ranging from 0.018 to 0.39 A-1. Horizontal and
vertical beam stoppers were used to absorb the direct
and the totally reflected X-ray beam, respectively.
Most of the patterns exhibited three diffraction peaks
that were assigned to a pore correlation length. This
pore center to pore center correlation length is herein
after referred to as ‘‘d-spacing’’. The absorption
effect was corrected for all the samples. Fourier
Transform Infrared (FT-IR) spectra, to observe
impregnation of Rhodamine B into silica pores, were
acquired within the 4000 to 500 cm™* range using KBr
pellets with a 2 cm™* resolution, using aBOMEM MB
100 spectrometer. Luminescence spectroscopy, to
study luminescence properties and possible
interactions between dye and silica surface, was
recorded with a spectrofluorimeter SPEX-FluoroLog,
with xenon lamp of 450 W.

3. RESULTS AND DISCUSSION

SEM image (Figure 1) of pure mesoporous
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silica displays particles micrometric size with
heterogenic shape, going from sticks to spherical,
characteristic of MSU-X type of mesoporous silica.
The material was named Michigan State University
type material, or MSU-X silica (X refersto the nature
of the surfactant: 1 for alkyl-PEO, 2 for alkylaryl-
PEO, 3 for polypropyleneoxyde-PEO block
copolymer, and 4 for Tween-type nonionic
ethoxylated sorbitan esters) is prepared under neutral
or mild acidic conditions. The final structure and the
morphology of MSU-X type materia are highly

dependent on the parameter of the reactional mean,
such as a loca interaction created by the
lipophilic/hydrophilic  equilibrium, the Brownian
motion that destroys the network, the hydrolysis
kinetic and polymerization of silica. Synthesis of
MSU-X type mesoporous silica based on hydrogen
bonding illustrates perfectly the versatility of this
approach, since the final materia structure (pore
diameter, particle size) can be readily modified by
adjusting several synthesis parameters, with the same
reaction medium [20].

Figure 1. SEM image of calcined pure silica.

The porosity measurements presented in the
Figure 2 is characteristic of micelle-templated
structures (MTS) [20]. Therefore, the sample displays
a substantial structure of confined mesopores. The
adsorption isotherm for silica pure no exhibits
hysteresis, feature of uniform pores, the adsorption
not increase in high relative pressure, feature of
textural porosity, like as the curve of adsorption that
not exhibits hysteresis, which is characteristic of pore
necking. The sample shows fine distribution pores,
typical of MTS, with type IV nitrogen adsorption-
desorption isotherm [20]. The graphics inserted shows
a high specific surface of 1200 m?.g* and pore
average size of 4.6 nm.

The SAXS measures in the Figure 3, were
performed in order to collect information about
structure and arrangement of pores, the spectra of
silica impregnated with Rhodamine B in different pH

values are shown below. A view of the spectra
displays the diffraction peaks djqy, di10 and dyyg for
silica with Rhodamine B in pH 2 (di= 5.21 nm; d,=
3.01 nm, and ds= 2.59 nm) and pH 7 (d;= 5.21 nm;
d,= 3.03 nm, and ds= 2.64 nm). The presence of three
diffraction peaks, for al the silica, except silica with
Rhodamine B in pH 11, denotes hexagonal porous
arrangement material, ordered mesostructure, and the
quality of the sample may be estimated by diffraction
line intensity [18, 21].

The IR spectra in Figure 4 are typical of
noncrystalline silica [22]. The bands assignments
from the spectra are described. Asymmetric stretching
Si-O and Si-O-(S) vibrations occur in the 1233-1041
cm™ wavenumber range. Si-O" asymmetric and SiO
symmetric stretchings appear in 957 and 803 cm’?,
respectively. Deformation O-Si-O appears at 464 cm*
[22]. All the spectra show typical water molecule

Orbital Elec. J. Chem. 5 (1): 23-29, 2013




Jorgeet al.
Full Paper

stretching bands in the 3622-3323 cm™ region. The 1453 cm® and another pesk at about 2900 cm™,
water molecule deformation band generally observed  assigned ascribed to the C—H stretching modes that
at ca. 1625 cm™* appears between 1639 and 1661 cm™  might be attributed to aromatic rings of Rhodamine B
for each sample. This shift to a larger wavenumber  [24].

can be attributed to the presence of H;O" ions in the

silica samples [23]. There is a weak peak at about
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Figure 2. Adsorption/desorption isotherm of calcined mesoporous silica, with distribution pores diameter
inserted.
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Figure 3. SAXS of mesoporous silicaimpregnated with Rhodamine B solution in pH 2, pH 7 and pH 11.

Orbital Elec. J. Chem. 5 (1): 23-29, 2013



27

Jorgeet al.

Full Paper

Transmitance (a.u.)

4000

|
3000 2000 1000

Wavenumber (cm'1)

Figure 4. Fourier Transform Infrared spectra of mesoporous silicaimpregnated with Rhodamine B solution in

In the Figure 5, excitation spectra, is found a
maximum intensity located between 500 to 550 nm,

Intensity (a.u.)

pH 2, pH 7 and pH 11.

that corresponds to S, — S; transition [25], in
addition to others bands that appear for all spectra.
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Figure5. Spectra of excitation, Aey = 593 NM, of mesoporous silicaimpregnated with Rhodamine B solution in

pH 2, pH 7 and pH 11.
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The emission spectra (Figure 6) depict that
there is a broad band with a maximum of intensity
located to 580 nm that corresponds to S; — S
transition [25]. A significant shift occurs for silica
impregnated with Rhodamine B solution in pH 11,

indicating changes must be related to removing
dimers when increase the pH, leading to the
observation of monomer emission [26], consequently
influences the spectroscopic properties of Rhodamine
B, which also observed for the others techniques used.

—— pH2

—— pH7

—— pH11
3
&
)
(72)
==
(<]
)
£

T T T T T T T T
500 550 600 650 700
Wavelenght (nm)

Figure 6. Spectra of emission, Aec = 480 nm of mesoporous silicaimpregnated with Rhodamine B solution in
pH 2, pH 7 and pH 11.

4. CONCLUSION

Results show that, in acidic medium,
Rhodamine B impregnated in silica has a stable
behavior. However, in akaine medium, there is a
change in physical and spectroscopic properties of
Rhodamine impregnated in silica, which may be
associated to changes in the dimer equilibrium of
Rhodamine B in agueous solution and a possible
interaction of Rhodamine B with the silanol groupsin
mesoporous silica surface. These behavior open new
prospects about explorations in the field of
photoluminescence, as new biomarkers and chemical
Sensors.
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Abstract: In this study was evaluated the fatty acids composition of tambagui (Colossoma macropomum)
fillet, fish species cultivated in Roraima State, Brazil. For the extraction of tambaqui oil was used Sohxlet
device and then it was methylated. The oil was identified using a gas chromatograph and were identified 24
acids and these were divided into characteristic groups such as: saturated fatty acids (SFA), monounsaturated
fatty acids (MUFA), polyunsaturated fatty acids (PUFA) and series fatty acids omega-6 and omega-3. The
ratios obtained were PUFA/SFA and omega-6/omega-3. The results of chromatographic analysis were
subjected to tests by variance ANOVA and multiple comparisons of Tukey at 5%. The ratios omega-

6/omega-3 and PUFA/SFA showed values of 8.58 and 0.75 respectively.

K eywords. Colossoma macropomum; fatty acids; fish oil; omega-3; omega-6; tambagui

1. INTRODUCTION

The tambagui (Colossoma macropomum) is a
fish native from Amazon and Orinoco basins and their
effluents. This species has attracted interest in
pisciculture in Roraima State, Brazil, because it has
been successfully adapted in fish-farming, for its
ability to have various types of food, and also to have
rapid growth, about eight months, and still serves as
excellent filter feeders of plankton [1-4].

The fish bred in the wild undergo various
environmental influences. The tambaqui can gain
weight up to 3.0 times more in semi-intensive system
under stable and controlled diet composition, asin the
nursery, which in intensive system in the stream
channel. Thus, the lipid content can be modified to
improve that fish qualitatively and quantitatively [1,
5].

According to Henderson and Tocher [6] fresh-
water fish contains high proportions of saturated and
polyunsaturated fatty acids with 18 carbon atoms, but
low levels of unsaturated fatty acids with 20 and 22
carbon atoms when compared to the lipids of marine
fish.

To Visentainer et al. [7] the fatty acid intake of
omega-3 series reduce the rate of tota blood
cholesterol, moreover, dietary interventions have
shown that consumption of polyunsaturated fatty
acids (PUFA) and/or fish oil reduces cardiovascular
diseases.

According to Simopoulos [8] diets for humans,
actually, have plenty of saturated fatty acids.
However, these diets are low and present unequal
amounts of polyunsaturated fatty acids of omega-3
and omega-6 and also some amount of trans fatty
acids.

Simopoulos [8] looks at the diets in the
Occident, which contain higher amount of omega-6
because of the indiscriminate recommendation to
substitute saturated fatty acids by omega-6, with the
purpose of reducing serum cholesterol. The ideal ratio
of omega-6 and omega-3 in the daily diet is not well
established, but it is recommended that the intake of
linoleic acid should not exceed 10% of total calories.
The same author insists on presenting Occident diets
the ratio 6/w3 is about 20:1 to 30:1 and recommends
that the proportion of fatty acids, 6/®3, is from 5:1
to 10:1, which are very high values compared to those
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considered ideals 1:1 to 2:1.

The Department of Heath in England
recommends that the value of ratio ®w6/m3 is a
maximum of four. Thus, observed that there is no
consensus regarding the nutritional issue [9].

In this way, this paper has like main goal to
evaluate the total composition of fatty acids, to
calculate the ratio ®6/w3 and PUFA/SFA in tambaqui
fillet oil, at four localities in Roraima State, using the
gas chromatographic technical.

2. MATERIAL AND METHODS
2.1. Obtained Samples

It was collected three specimens of fish at
random from alot with about two thousand specimens
of tambaqui, which had been captured from four pools
of semi-intensive. This procedure was performed in
four localities in Roraima State, namely: Alto Alegre,
Bonfim, Uraricoera and Boa Vista (in Passaréo
region). But, these samples were identified and
analyzed separately.

2.2. Drying, Extraction and Qil Yeld

After killing the fish, the fillets were removed,
crushed and taken to drying in a heating oven with air
circulation. The method used for drying and oil
extraction follows Duarte’'s method however with
modifications [10]:

It was removed from the fish fillet and then
mashed in a blender, weighed 100 g fillet is crushed,
then taken to a drying temperature of 100 °C in a
heating oven with air circulation during a time of
approximately 8 hours to constant mass. The dry
tissue was transferred to an Erlenmeyer of 1000 mL,
which was added 20 g of anhydrous sodium sulfate
and 400 mL of hexane, then taken to a mixer to
promote agitation for one hour. After the agitation
were made filtration and evaporation of the solvent in
rotary evaporator. The extracted oil was packaged in
amber bottle in nitrogen atmosphere for further
analysis.

2.3. Preparation of Methyl Esters

It was weighed 4 g of oil phase in the
digtillation flask of 125 mL. After adding 5 mL of
alcoholic potassium hydroxide 0.5 N put the flask
under reflux for 3 minutes. Added to the balloon still

hot, 15 mL of ammonium chloride / sulfuric acid in
methanol (16 g of ammonium chloride, 480 mL of
methanol and 24 mL of concentrated sulfuric acid)
and put the flask back to reflux for 3 minutes. After
the sample has cooled 10 mL of heptane was added.
The mixture obtained was transferred to separating
funnel 60 mL, shaking the funnel vigoroudly for 15
seconds. The phase was extracted with heptane and
filtered through filter paper with + 3.0 g of anhydrous
sodium sulfate. The heptane phase was transferred to
a 5 mL amber bottle with lid and in a nitrogen
atmosphere for further analysis[11].

2.4. | dentification Fatty Acids

The esters of fatty acid were separated in a gas
chromatograph Varian CP High Resolution - 3380
equipped with a fused silica capillary column (DB-
Wax 30 m x 0.25 mm) and flame ionization detector.
The gas flow was 2.0 mL min™ for the carrier gas H.
The ratio of division (split) of the sample was 1:200.
The column temperature was programmed to 100 °C
at baseline was elevated to 240 °C at arate of 7 °C
min. The injector and detector temperatures were
260 °C. The injection volume was 2 pL. The peak
areas were determined by the method of
standardization, using an integrator-processor (J & W
Scientific) and identification of peaks was made by
comparison of retention times (tr) patterns of fatty
acid methy! esters, Supelco 37.

2.5. Statistical Analysis

The results were submitted to test of variance
ANOVA and the multiple comparison Tukey’s test at
5% level of probability using the software Statistic
6.0.

3. RESULTSAND DISCUSSION

The Table 1 shows the percentage of resultsin
tambagqui oil in Roraima State in four different
localities studied.

As can be seen, on Table 1, 24 fatty acids were
identified and the area of concentration was greater
with the 18-carbon acids (C18) in which cis-oleic acid
(C18:1w9c) omega-9 series, stands out with the
highest percentage. Following in a descending
percentage order of fatty acids majority comes soon
after the palmitic acid (C16: 0), cislinoleic acid
(C18:2w6c), stearic (C18:0), trans-9-octadecenoic
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(C18:1w%t), translinoleic acid (Cl18: 2wb6t),
pamitoleic (C16:1w7), a-linolenic acid (C18:3w3)
and cis-12-octadecendico (C18: 1w6c). The palmitic

acid (C16: 0) presented the highest percentage among
the saturated acids, however this sequence of results
have not been the samein four localities studied.

Table 1. Results (%) of total lipid fatty acids in tambaqui fillet oil.

Name Nomenclature Alto Alegre Bonfim Uraricoera Passar éo
C14:0 myristic acid 1,05+0,032 0,83+0,03° 0,90+0,03" 0,96+0,01°
C14:1 miristoleic acid 0,45+0,01° 0,47+0,01™ 0,57+0,01% 0,48+0,01°
C15:0 pentadecyclic acid 0,19+0,01° 0,24+0,01* 0,11+0,01° 0,11+0,01°
C15:1 6-pentadecenoic acid Nd 0,13+0,01% Nd 0,09+0,01°
C16:0 palmitic acid 20,48+0,01% 18,11+0,01° 16,16+0,06° 16,78+0,012°
C16:107 palmitoleic acid 2,94+0,212 2,68+0,14% 2,30+0,14° 2,73+0,09
C17:0 margaric acid 0,36+0,03% Nd Nd 0,27+0,01°
c17:1 o dlo'Heptadecm'c Nd 0,140,03" 0,08£0,01° 0,160,038
C18:0 stearic acid 9,60+0,17° 8,03+0,13° 9,29+0,13% 9,75+0,072
C18:109¢ cis-oleic acid 26.84+0.482 23.17+0,14° 23.77+0.12° 25.54+0.81%
C18:106¢ SCIS d12'°°tade°e”°' ¢ 2.09+0.08% 1.81+0.06° 1.44£0.03° 1.41+0.03°
C18:109¢ ;?gsg'wadece"o'c 3.86+0.24° 4.34+0,25 5,50+0.28 5.20+0,08%
C18:206¢ cis-linoleic acid 10.81+0.54¢ 13.20+0.13° 16.57+0.27° 14.85+0.58°
C18:206t trans-linoleic acid 5.47+0.312 3.95+0.07 3.85+0.34° 4.68+0.27%
C18:303 a-linolenic acid 1.82+0.06" 1.81+0.06" 2.83+0.212 2.69+0,22%
C20:0 arachidic acid 0.15+0.01% 0.12+0.01° Nd 0.11+0.01°
C20:109¢ SCIS dlo'e' cosaenolc 0.90+0.02° 1.04:0.03° 0.67+0.02° 0.60+0.02°
C20:306 y-linolenic acid 0.31+0.01° 0.56+0.02% 0.37+0.03" 0.37+0.03"
C20:303 a-linolenic acid Nd 0.33+0.022 0.08+0.03° 0.13+0.01°
C20:406 arachidonic acid Nd 0.11+0.012 Nd 0.11+0.012
C20:503 eicosapentaenoic acid Nd 0.09+0.003 Nd Nd
C21:0 undocosaenoic acid 0.16+0.01° 0.16+0.01° 0.12+0.01° 0.18+0.01%
C22:109¢ Z'CIS d14'd°°°m°' ¢ 0.25£0.02° 0.18£0.01° 0.22+0.02° 0.14+0.01¢
C24:0 tetracosanoic acid Nd 0.25+0.02 Nd Nd

a, b, ¢, d: The following medias with same letter, at line, don’t differ statisticaly by Tukey’s test at 5% probability level. Nd:

no determined.

Comparing the main fatty acids of the
tambaqui fillet oil from four locdlities, it was
observed that there was no significant difference
(p<0.05) between acid trans-9-octadecenoic
(C18:1w%9t), searic (C18:0) and pamitoleic
(C16:1w7), but there are differences between the
palmitic acid (C16:0) and cislinoleic (C18:2w6cC).
Therefore, can be noticed the presence of arachidonic

acid (C20:4w6) only in Bonfim and Passaréo and the
eicosapentaenoic acid (C20:5w3) in Bonfim.

Figure 1 shows the four chromatograms pooled
analysis of the esters of fatty acids of tambaqui fillet
in Roraima State.

The Table 2 shows saturated fatty acids — SFA
(myrigtic, pentadecyclic, palmitic, margaric, stearic,
arachidic, undocosaenoic and tetracosanoic acids);
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monounsaturated fatty acids — MUFA (miristoleic, 6-
pentadecenoic, palmitoleic, cis-10-Heptadecenic, cis-
oleic, cis-12-octadecenoic, trans-9-octadecenoic, cis-
10-eicosaencic  and  cis-14-docosaenoic  acids);
polyunsaturated fatty acids — PUFA (cislinoleic,
trans-linoleic, a-linolenic, y-linolenic, a-linolenic,

arachidonic and eicosapentaenocic  acids) and
unsaturated fatty acids — UFA (fatty acids present in
MUFA and PUFA) determined from the data of Table
1 and the Table 3 show the ratio PUFA/SFA and
omega-6/omega-3.
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Figure 1. Cromatograms of esters of fatty acidsin tambaqui.
Table 2. Groups and average SFA, MUFA, PUFA and UFA.
GROUPS AA (%) BO (%) UA (%) PS (%) Average (%)
SFA 31.99 27.49 26.58 28.16 28.56+2.38
MUFA 37.33 33.96 34.64 36.37 35.58+1.55
PUFA 18.41 20.05 23.63 22.83 21.23+2.43
UFA 55.74 54.01 58.27 59.20 56.80+2.37
Omega-6 18.68 19.63 22.23 2142 20.49+1.62
Omega-3 1.82 2.23 291 2.82 2.45+0.51

AA: Alto Alegre; BO: Bonfim; UA: Uraricoera; PS: Passaréo.

The concentration of omega-6 series range was
18.68 to 22.23% while for the acids of the omega-3
series range was 1.82 to 2.91% for the oils of
tambaqui in four localities (Table 2). The lowest ratio
omega-6/omega-3 was observed for fish oil in

Uraricoera and Passardo, 7.6:1 (Table 3). You could
say that the value of ratio omega-6/omega-3 found in
this work is within the recommended levels (5:1 to
10:1) to Occidental diets, however, is considered a
high value in relation to those considered ideals (1:1

Orbital Elec. J. Chem. 5 (1): 30-34, 2013
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t0 2:1) [8].

Table 3. Ratios of PUFA/SFA and omega-6/omega-
3.

RATION AA  BO UA PS Average

PUFA/SFA 058 0.73 0.89 081 0.75+0.14

@6/w3 1030 880 7.60 7.60 8.58+1.28

The ratio of PUFA/SFA which shows the
highest value was found in fish oil in Urariquera
(0.89) and the lowest was for Alto Alegre (0.58), see
Table 3. The Department of Health and Socia
Security [9] reported that diets with values lower than
0.45 of PUFA/SFA are unhedthy and that higher
value this is considerably heathy. Based on this
indicator can be said that the tambaqui oil from
tambaqui reared in semi-intensive system of State of
Roraimais considered healthy.

4. CONCLUSION

The trans-linoleic acid (C18: 2w6t) known
as CLA-trans-10,12, is being widely researched,
because, it can possess anticarcinogenic properties.
For this acid was found a significant value (4.49%) in
fish oils of State of Roraima. The ratio of fatty acids
omega6 and omega-3 has been gaining much
attention in scientific means at discussing about fatty
acids, this is due to severa factors involving
beneficial to human health, in view of the Occidental
diets, in which ratio omega-6/omega-3 range from
20:1 to 30:1 where the ideal would be 1:1 to 2:1. The
ratio omega-6/omega-3 tambaqui oil analyzed in State
of Roraima 8.58:1 may not be considered ideal, but is
within the normal range.

From a technological standpoint the
fractionation of tambaqui oil in Roraima State can be
of great importance in the seafood industry in which
this feature may be used into concentration of fatty
acids in order to find food needs with these products,
as well as serving like very healthy source in the
human diet.
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Abstract: Tannic acid (CgHs,046) has been found to be an efficient catalyst for one-pot synthesis of 2,4,5-
triaryl substituted imidazoles by the reaction of an arylaldehyde, benzyl/benzoin and an ammonium acetate.
The short reaction time and excellent yields making this protocol practical and economically attractive.

K eywords. ammonium acetate; benzyl; benzoin; imidazoles

1. INTRODUCTION

The steady growth in interest in heterocyclic
compounds is basically connected with their raised
biological activity and also with the fact that they
enable the development of novel materids with
unique properties. One very interesting and promising
class of heterocycles is the triarylimidazole moiety
due to both their use in medicinal chemistry as
synthetic building block, and plays important role in
biochemical process [1]. Imidazole ring system is one
of the most important substructures found both in a
large number of natural products and synthetic drugs
aong with the wide spectrum of physiological
activities displayed by these compounds. For
example, the antiulcerative agent cimetidine [2], the
proton pump inhibitor omeprazole [3] and the
benzodiazepine antagonist flumazenil [4] are
Imidazole derivatives. In addition, the substituted
imidazole ring systems are substantially used in the
synthesis of some ionic liquids [5, 6], that have been
given a new approach to ‘Green Chemistry’. They are
aso wused in photography as photosensitive
compounds [7]. Hence, synthesis of the imidazole
moiety has received extensive attention from several
researcher groups [8-25].

Due to their great importance, many synthetic
strategies have been developed. In 1882,

" Corresponding author. E-mail: nvshitole@gmail.com

Radziszewski and Japp reported the first synthesis of
the imidazole from 1,2-dicarbonyl compound, various
adehydes and ammonia, to obtain the 24,5
triphenylimidazoles [8, 9]. Also, Grimmett et al.
proposed the synthesis of the imidazole using nitriles
and esters [10]. Recently, there are several methods
reported in the literature for the synthesis of 2,4,5-
triaryl-1H-imidazoles from benzyl/benzoin, aldehydes
and ammonium acetate using different catalyst such
as HY/slica gel [11], acidic Al,O3 [12], AcOH [13],
ZrCl, [14], ionic liquid [15], iodine [16], NH,OAcC
[17], YDb(OTf); [18], NiCl,.6H,O [19], sodium
bisulfate [20], PEG-400 [21], boric acid [22], CAN
[23] Fes04 nanoparticle [24] and poly(AMPS-co-AA)
[25]. However, most of the reported methodologies
gill have certain limitations such as expensive
catalysts, toxicity of solvents, restrictions for large
scale applications, critical product isolation
procedures, difficulty in recovery of high boiling
solvents, excessive amounts of cataysts and
generation of large amounts of toxic wastes in scaling
up for industrial applications leading to environmental
issues. Thus, the development of a simple and
efficient method for the synthesis of 2,4,5-triaryl-1H-
imidazole derivatives would be highly desirable.

The art of performing efficient chemical
transformation coupling three or more components in
a single operation by a catalytic process avoiding



Shitole et al.

Full Paper

stoichiometric toxic reagents, large amounts of
solvents and expensive purification techniques
represents a fundamental target of the modern organic
synthesis[26].

2. MATERIAL AND METHODS

Melting points were determined in an open
capillary tube and are uncorrected. IR spectra were
recorded in KBr on a Perkin-Elmer spectrometer.
IHNMR spectra were recorded on a Gemini 300-
MHz instrument in CDCI3 as solvent and TMS as an
internal standard. The purity of products was checked
by thin-layer chromatography (TLC) on silica-gel.

2.1. Typical Procedure for the Synthesis of 2,45
Triaryl-1H-Imidazole 4(a-I)

A mixture of an aromatic aldehyde (1 mmoal),
benzil/benzoin (1mmol), ammonium acetate (2 mmol)
and tannic acid (7.5 mol%) in ethanol (15 mL) was
stirred at reflux temperature for 3-8 h. The progress of
the reaction was monitored by TLC. After completion
of reaction conversion, the reaction mixture was
cooled to room temperature and poured on crushed
ice. The obtained crude solid product was filtered,
dried and crystallized from ethanol to get the
corresponding 2,4,5-triaryl-1H-imidazoles 4(a-1).

2.2. Spectroscopic data of synthesized some
principal compounds

2,4,5-triphenyl-1H-imidazole (4a): IR (KBr, cm™):
3049, 1470, 1442, 1120, 698. 'H-NMR (400 MHz,
DMSO-d6, & ppm): 12.62 (brs, 1H, NH), 8.12 (d, 2H,
J = 7.6 Hz, Ar-H), 7.30-7.42 (m, 13H, Ar-H). MS
(EI): miz (%) = 296 (46) [M+]. Ana. calcd. for
CxHiNo: C, 85.11; H, 5.44; N, 9.45. Found: C,
85.02; H, 5.42; N, 9.42.

2-(2-chlorophenyl)-4,5-diphenyl-1H-imidazole (4b):
IR (KBr, cm™): 3421, 3046, 1620, 1512, 1500. 'H-
NMR (400 MHz, DMSO-d6, & ppm): 12.38 (brs, 1H,
NH), 7.11-7.39 (m, 14H, Ar-H). MS (El): m/z (%) =
330 (36), 332 (12) [M +] Anal. calcd. for C21H15C|N2:
C, 76.24; H, 4.57; N, 8.47. Found: C, 76.20; H, 4.55;
N, 8.51.

2-(4-chlorophenyl)-4,5-diphenyl-1H-imidazole (4c):
IR (KBr, cm™): 3052, 1626, 1451, 1076, 761, 692. *H-
NMR (400 MHz, DMSO-d6, & ppm): 12.71 (brs, 1H,
NH), 8.09 (d, 2H, J = 8.4 Hz, Ar-H), 7.21-7.50 (m,
12H, Ar-H). MS (El): m/z (%) = 330 (36), 332 (12)

[M+] Anal. calcd. for C21H15C|N2: C, 76.24; H, 4.57;
N, 8.47. Found: C, 76.25; H, 4.45; N, 8.52.

2-(4-methoxyphenyl)-4,5-diphenyl-1H-imidazole
(4e): IR (KBr, cm™): 3030, 1612, 1492, 1250, 1032,
695. 'H-NMR (400 MHz, DMSO-d6, & ppm): 12.51
(brs, 1H, NH), 8.11 (d, 2H, J=8.0 Hz, Ar H), 7.52 (d,
4H, J = 6.8 Hz, ArH), 7.13-7.23 (m, 6H, Ar H), 7.05
(d, 2H, J=7.6 Hz, Ar H), 3.71 (s, 3H, CH3). MS (El):
m/z (%) = 326 (36) [M+]. Anal. calcd. for C,,H1gN,O:
C, 80.96; H, 5.56; N, 8.58. Found: C, 80.90; H, 5.51;
N, 8.53.

4-(4,5-diphenyl-1H-imidazol-2-yl)phenol  (4i): IR
(KBr, cm™): 3267, 3046,1698, 1600, 1491, 686. 'H-
NMR (400 MHz, DMSO-d6, & ppm ): 12.38 (s, 1H,
NH), 9.61 (s, 1H, OH), 7.87 (d, 2H, J = 8.4 Hz, Ar-
H), 7.54 (d, 2H, J= 7.6 Hz, Ar-H), 7.49 (d, 2H, J= 7.2
Hz, Ar-H), 7.42 (t, 2H, J= 7.6 Hz, Ar-H), 7.35 (t, 1H,
J= 7.6 Hz, Ar-H), 7.29 (t, 2H, J = 7.6 Hz, Ar H), 7.21
(t, 1H, J= 7.2 Hz, Ar H), 6.85 (d, 2H, J = 8.4 Hz, Ar
H). MS (El): m/z (%) = 312 (40) [M+]. Anal. calcd.
for C21H16N20: C, 80.75; H, 5.16; N, 8.97. Found: C,
80.71; H, 5.08; N, 8.91.

2-(4-fluorophenyl)-4,5-diphenyl-1H-imidazole  (4j):
IR (KBr, cm™): 3021, 1490, 1221, 827, 755, 685. *H-
NMR (400 MHz, DMSO-d6, & ppm): 12.71 (brs, 1H,
NH), 8.13 (d, 2H, J = 4.2 Hz, Ar-H), 7.57 (d, 4H, J =
5.6 Hz, Ar-H), 7.21-7.34 (m, 8H, ArH). MS (El): m/z
(%) = 314 (44) [M+]. Anal. calcd. for CyHisFN,: C,
80.24;H, 4.81; N, 8.91. Found: C, 80.27; H, 4.74; N,
8.87.

3. RESULTS AND DISCUSSION

As pat of our ongoing investigation in
developing a versatile and efficient method for
synthesis of heterocyclic compounds [27], we report
here an efficient synthetic method for the synthesis of
2,4,5-triarylimidazoles from benzyl/benzoin,
aldehydes and ammonium acetate in the presence of
tannic acid (Scheme 1).

We initialy studied the reaction of
benzaldehyde (2a) as a representative aldehyde,
compound 1 and ammonium acetate (3) in the
presence of tannic acid was considered as a standard
model reaction for the optimization of reaction
condition.

To evaluate the effect of solvent, we have
screened different solvents such as dichloromethane,
tetrahydrofuran, acetonitrile, chloroform, dioxane
methanol and ethanol at reflux temperature. Ethanol

Orbital Elec. J. Chem. 5 (1): 35-39, 2013
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stood out as the solvent of choice among the solvents
tested because of the rapid conversion and excellent
90% vyield of desired product, whereas the product

o (Ol

formed in lower yields (20-82%) by using other
solvents (Tablel).

H
or + Ar-CHO- NH,OAC Tannic acid (7.5 mol%) | N/}Ar
O 0 O OH Ethanol, Reflux O N
1 2(a-k) 3 4(a-k)
Schemel. Synthesis of 2,4,5-Triaryl-1H-Imidazole.
Table 1. Screening of solvents”
Entry Solvent Yield® (%)
1 Dioxane 20
2 Acetonitrile 43
3 Tetrahydrofuran 49
4 Dichloromethane 54
5 Chloroform 67
6 Methanol 82
7 Ethanol 90

Reaction conditions: 1 (1 mmol), 2a (1 mmol), 3 (2 mmol), tannic acid (7.5 mol %) at reflux temperature. °lsolated yields.

To determine the exact concentration of
catalyst, we have investigated the model reaction at
2.5, 5, 7.5 and 10 mol% of tannic acid in ethanol at
reflux temperature. The product was obtained in 62,
80, 90 and 90 % of yield respectively. This indicates
that the use of just 7.5 mol% of tannic acid is
sufficient to push the reaction forward (Table 2).

The catalyst plays a crucial role in the success
of the reaction in terms of the rate and the yield of
product. To study the generality of this process
various examples were illustrated for the synthesis of
2,45 triaryl imidazoles and these results are
summarized in Table 3. The reaction is compatible
with various substituents such as -CHs, -OCHs;, -OH, -
N(CHs),, -Cl, -F. This method is also effective for
heteroaromatic  aldehydes which form their
corresponding 2,4,5-triarylimidazole derivatives in
85-92% of yields (Table 3). The formation of desired
product was confirmed by H-NMR, IR and mass

spectroscopic analysis technique. Also the melting
points recorded and compared with the corresponding
literature data.

Table2. Effect of concentration®

Entry Solvent Yield® (%)
1 25 62
2 5 80
3 75 90
4 10 90

®Reaction conditions: 1 (1 mmol), 2a g)l mmol), 3 (2 mmol)
in ethanol at reflux temperature. "I solated yields.

4. CONCLUSION

In conclusion, this paper describes a
convenient and efficient process for the synthesis of
2,4,5-Triaryl-1H-Imidazole derivatives by use of
Tannic acid as catalyst at reflux temperature. Present

Orbital Elec. J. Chem. 5 (1): 35-39, 2013
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methodology offers very attractive features such as  economic viability, when compared with conventional
simple experimental procedure, higher yields and

method.

Table 3: Tannic acid catalyzed synthesis of 2,4, 5, triaryl substituted imidazoles.

Time (h Yield (%)°
Compound Ar- me (h) leld (%) M.P. (°C)
Benzil Benzoin Benzil Benzoin
4a CsHs 4 6 90 89 274-276
4b 2-CICgH, 4.5 6.5 91 88 195-196
4c 4-CICgH,4 5 6 93 90 258-260
4d 4-CH3CgH4 55 7 91 87 230-232
4e 4-OCH3CgH, 4.5 6 89 85 227-228
4f 4-0OH,3-OCH3CgH4 5 55 91 90 220-221
49 4-NO,CgH4 55 75 92 88 230-232
4h 4(CH3),NCgH, 45 5 91 89 257-258
4 4-OHCgH, 5 6.5 90 92 268-269
4 4-FCgH, 35 45 92 90 190-191
4k C,H30 5 6.5 92 90 199-200
4 C,H3S 55 75 90 87 259-260

#Reaction conditions: 1 (4-NO,C¢H4 1 mmol), 2a-1 (1 mmol), 3 (2 mmol), tannic acid (7.5 mol %) in ethanol at reflux

temperature. Plsolated yields.
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Abstract: Ciprofloxacin is second generation quinolones flour, which is very soluble in water. This drug can
be found in Sewage Treatment Plants (STPs) and natural waters at concentrations of pg L™ and ng L™
Electrolysis was carried out using Ag/AgCI as reference electrode and as cathode and anode plates of Ti/TiO,
were used. To study the role of supporting electrolyte were used H,SO,, HCI, NaCl, NaNOs;, KCI, and
Na,SO,. Were applied current densities (DC) between 20 and 160 mA.cm™. The electrodic process indicates
be dependent on pH and ionic strength. Through electrolysis, the degradation /mineralization occurs more

easily in the presence of CI".

Keywords:. electrodegradation; ciprofloxacin; dimensionally stable anodes

1. INTRODUCAO

A ciprofloxacina € um farmaco classificado
guimicamente como uma fluorquinolona (Figura 1),
sendo bastante solivel em &gua e praticamente
insolivel em acetona [1-5]. A aprovacdo de sua
comercializacdo foi concedida pela Agéncia de
Regulamentacdo de Drogas e Alimentos dos EUA
(FDA - U. S. Food and Drug Administration) no final
da década de 80. Sintetizada em 1983 pela Bayer
aemd, foi introduzida com o nome de “BAY 09867"
mostrando-se ser de 4 a 8 vezes mais ativa que demais
antibidticos, principamente contra enterobactérias e
pseudémonas. E considerada um antibiético de amplo
espectro de acdo, agindo rapidamente tanto nas fases
proliferativas quanto nas fases germinativas, contra
patégenos gram-positivos e gram-negativos, através
de um mecanismo de acdo fundamentado na inibic&o
das enzimas topoisomerase IV e DNA-girase, sendo
esta Ultima essencial na replicagdo, transcricdo e
reparacéo do DNA bacteriano [6-9].

Inicialmente utilizada apenas para fins
veterinarios, a ciprofloxacina  tem sido
estrategicamente utilizada no combate a ataque
terrorista sendo, atualmente, a Unica droga aprovada

" Corresponding author. E-mail: larapalm@yahoo.com

pela FDA para tratamento apds exposicao ao antraz
inalado. Além disso, tem sido recomendada como
famaco de primeira linha na quimioterapia da
tuberculose, no tratamento de infeccbes do trato
urindrio e de doencas sexualmente transmissiveis
(DSTs) [10-12].

OH
F ]

O O

Figura 1. Estrutura da Ciprofloxacina.

Devido a essas razfes, a ciprofloxacina € um
dos farmacos mais amplamente prescrito no mundo.
O monitoramento ambiental de sua forma original e
de seus metabdlitos despertou o interesse da
comunidade cientifica, visto que, uma parte
significativa da dosagem ingerida é excretada pelo
organismo humano sem ateracdo, aportada para o
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meio ambiente através do esgoto in natura, podendo
ser encontrada em EstacBes de Tratamento de Esgoto
(ETESs) e &guas naturais em concentracdes da ordem
do pug L' e do ng L™ Além disso, os processos
convencionais de tratamento de &gua realizados nas
estagdes de tratamento de &gua do Brasil ndo sdo
suficientemente eficazes para a sua completa remocéo
por tratar-se de um poluente orgénico polar e de baixo
peso molecular [13-17].

No Brasil, as leis que estabelecem os
par@metros fisico-quimicos para o0 padrdo de
potabilidade da &gua ndo contemplam poluentes
emergentes, tais como farmacos e produtos de higiene
pessoa. Atualmente, a resolucdo RDC 44, de
26/10/2010, da Agéncia Nacional de Vigilancia
Sanitaria (ANVISA), apenas restringiu a prescricao e
venda de antibidticos, com a exigéncia de retencéo e
validade nas receitas no ambito naciona [18-20].
Entretanto, nimeros indiretos, como por exemplo, a
importacdo da China e da india de 71 milhdes de
dolares em medicamentos entre 2002 e 2007,
fortalece a hipétese da contaminacdo emergente [21-
22]. A falta de legidacdo especifica e 0 descarte de
efluente doméstico in natura podem resultar em alta
toxicidade para o meio ambiente [23], sendo uma das
consequéncias da contaminagcdo a longo prazo, o
aumento gradual da resisténcia bacteriana em funcdo
da selecéo de cepas resistentes. Apesar disso, existem
poucas informagdes sobre o destino dos farmacos no
meio ambiente e sua interagdo com o meio [24-27].

A ciprofloxacina é uma quinolona, um
composto polar e ndo vol&til que no meio ambiente
reage através de mecanismos pouco conhecidos.
Possui estrutura quimica complexa, onde 0s grupos
funcionais &cido carboxilico, amina (secundéria e
terciaria), cetona e haleto organico estdo envolvidos
na elevada atividade quimica e biologica. Com
valores de pKa iguais a 6,2 e 8,8 €& encontrada
permeando o solo, podendo ser carreada para aguas
subterréneas até atingir os rios [28, 29], 0 que mesmo
em niveis baixos, podem causar mudancas genéticas
com impactos negativos sobre a fauna e a flora [30-
33].

A degradacdo quimica como mecanismo de
remediacdo ambiental tem sido amplamente
empregada no estudo da remocdo de corantes, por
exemplo, via agdo de agentes oxidantes (reacfes de
Fenton) ou via eletrodegradacdo. Na oxidagdo
eletroquimica de forma direta, o substrato é oxidado
na superficie do eletrodo necessitando de um alto
sobrepotencial para o desprendimento de oxigénio. A

primeira etapa envolve a oxidacdo de moléculas de
agua sobre a superficie do eletrodo (MOx) [34-35].

MOX + H,0 — MOx[-OH] + H + & 1)

Posteriormente, os radicais hidroxila (sOH)
interagem com O oOXxigénio presente no anodo
formando um Oxido superior de acordo com a

equacgdo 2:
MOx[*OH] — MOx[O] + H" + & (2

Entdo, o Oxido superior formado oxida os
compostos organicos (R) sem promover a sua total

mineralizacdo (equacdo 3):
MOx[O] + R — RO + MOx 3)

Além disso, também é possivel que os radicais
hidroxila eletrogerados oxidem o0s compostos
organicos a diéxido de carbono e dgua, como indicado
na equacao 4:

MOx[*OH] + R — MOx + mCO, + nH,O0 + H*  (4)

Na oxidacdo eletroquimica indireta, espécies
cataliticas de elevado poder oxidante sdo geradas in
situ. O cloreto de sodio (NaCl) é um sal usado
frequentemente no tratamento de efluentes aquosos
como eletrélito suporte, devido a formacdo de gas
cloro (Cl,) e consequentemente, das espécies como
OCI" ¢/ou HOCI" [31]. A formacdo do cloro (Cly),
pela eletrolise do NaCl aquoso, pode ser indicado nas
equacdes 5 e 6:

anodo: 2CI"'— Cl, + 26 (5)
catodo: 2H,0 + 26 — H, + 20H" (6)

Na producéo do anion hipoclorito (CIO), o Cl,
gerado no anodo reage com o hidréxido formado no
cétodo (equacdo 7):

Cl, + 20H — H,0 + CIO + CI° @

Eletrodos onde ocorre oxidagdo de compostos
organicos, sem a completa mineralizacdo, sd0
chamados de eletrodos ativos para o desprendimento
de oxigénio, como por exemplo, o eletrodo
Ti/TiRUO,. Esses anodos dimensionalmente estaveis
(ADE) sao constituidos de um suporte metalico, como
o titanio, onde por decomposic¢ao térmica, deposita-se
uma mistura de 6xidos formados por metais nobres,
como o ruténio. Os Oxidos industriais mais comuns
sdo formados por RuO, e TiO, (Ti/Ruy3Tig70,), onde
0 ruténio é o agente catalitico e o titanio permite a
estabilidade mecanica. Apresentam alta estabilidade
eletroquimica, forte poder catalitico, boa seletividade
e resisténcia mecénica a adtos valores de
sobrepotencial.

Orbital Elec. J. Chem. 5 (1): 40-51, 2013
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Pela oxidacdo eletroquimica de compostos
orgéanicos, a reacdo anddica, que ocorre através de
vérios mecanismos diferentes, tende a formar
produtos menos téxicos a salde humana e menos
agressivos ao meio ambiente e com maior grau de
biodegradabilidade. A técnica el etroquimica apresenta
como vantagens a versatilidade, onde o mesmo reator
pode ser usado para diferentes reagbes quimicas, a
compatibilidade, pelo fato do elétron ser um reagente
de liberagdo controlada, bem como a possibilidade de
automacdo de todo o processo, no qual, os poluentes
de baixa massa molar, como a maioria dos farmacos,
s8o rapidamente degradados [36].

A eletrodegradacéo de farmacos presentes em
aguas de abastecimento publico representa um passo
importante para o aprimoramento dos métodos de
tratamento de &gua. Neste sentido, este estudo visa
desenvolver uma metodologia eletroquimica para
degradacdo da ciprofloxacina em é&gua de
abastecimento publico através da producdo in situ de
agentes oxidantes.

2. MATERIAL E METODOS
2.1. Reagentes e solucdes

As solucfes tampdo empregadas no estudo do
efeito do pH foram preparadas segundo Britton &
Robinson, pelo uso de uma solugdo acida contendo
0,04 mol L™ de CH3;CO,H, 0,04 mol L™ de H;BO; e
0,04 mol L™ de H3PO, e de volumes apropriados de
uma soluco bésica contendo 0,2 mol L™ de NaOH. O
pH final de cada mistura, no intervalo de 2 a 12, foi
medido com pHmetro Analion, modelo PM 608,
calibrado com tamp&o universal nos valores de pH
iguais a 4, 7 e 10. Todos os reagentes empregados
foram de grau analitico. As solugdes aquosas de
cloridrato de ciprofloxacina (Biofarma; MM = 331,35
g mol?) foram preparadas diariamente na
concentragdo de 1 10 mol L™,

2.2. Instrumentacdo

As dletrdlises a corrente constante foram
realizadas pelo uso de um potenciostato/gal vanostato
AutoLab PGTSTAT-30 (Ecochemie), conectado a um
microcomputador e controlado pelo software GPES
versdo 4.8. Uma célula eletroquimica com capacidade
para 250 mL de solugdo foi adaptada para insercéo
dos eletrodos. Um eletrodo de Ag/AgCl foi utilizado
como eletrodo de referéncia e dois eletrodos de rede
de titanio recobertos com 6xidos (Ti/Rug a4 € Tige602),
nas dimensdes de 4,0 x 4,0 cm foram empregados

como cétodo e anodo.

Nas medidas espectrofotométricas realizadas
durante as eletrdlises foi empregado um
espectrofotémetro da marca Biochrom, modelo Libra
S12 e uma célula de quartzo com comprimento de
caminho ético de 1,0 cm.

2.3. Metodologia

Nos estudos de otimizacdo do processo
eletrolitico foram realizadas el etrdlises na presenca de
diferentes eletrdlitos suporte (H,SO, HCI, NaCl,
NaNO;, KCI e NaSO,), no intuito de reconhecer a
influéncia positiva de cétions e anions na
eletrodegradacdo da ciprofloxacina, mantendo-se
constante a intensidade de corrente e a concentracéo
do farmaco, em todos os experimentos. Avaliou-se
também o efeito da forga ibnica pela variagdo da
concentracdo do eletrélito suporte entre 0,1 e 0,0001
mol L™ A influéncia do pH foi avaliada pelo uso de
solucBes tamponadas na escala de valores entre 2 e 12
em intensidade de corrente constante.

Depois de estabelecidas as condi¢des do meio
reacional foi realizada a otimizacdo da corrente
aplicada. Os eletrodos de Anodos Dimensional mente
Estaveis foram submetidos a correntes entre 20 e 160
mA. O monitoramento das amostras tratadas, através
de aliquotas retiradas da célula eletroquimica em
tempos controlados de 5 minutos, foi realizado
através de medidas espectrofotométricas na faixa de 0
a 800 nm.

Para quantificacdo espectrofotmétrica da
ciprofloxacina, uma curva analitica foi obtida através
do método de adicdo de padrdo, sendo que cada
medida foi realizada em triplicata e as curvas
analiticas obtidas a partir de 6 adicBes. As medidas
foram redlizadas seguindo procedimento analitico
sugerido pelo INMETRO [30].

As amostras de agua do rio Poxim, um dos rios
gue compde a malha hidrica de Aracaju-SE, foram
coletadas na estacdo de captagcdo proxima a
Universidade Federa de Sergipe. Ao todo, trés
amostras foram utilizadas. Devido a baixa
condutividade das amostras de &gua de rio, adicionou-
se ao volume de 250 mL quantidades adequadas de
sais ou &cidos, conforme valores estabelecidos no
estudo dainfluéncia daforcaionica.

3. RESULTADOSE DISCUSSAO
3.1. Espectrofotometria

Orbital Elec. J. Chem. 5 (1): 40-51, 2013
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Para identificar e monitorar a variagdo da
concentracdo da ciprofloxacinafoi obtido um espectro
de absorcdo na regido do UV-Vis (200-800 nm),
possibilitando identificar suas bandas de maxima
absorcdo. Recentemente, foram descritos dois
métodos espectrofotométricos, o primeiro utilizando
sistema FIA (andlise por injecdo em fluxo) e o
segundo a espectrofotometria em fase sdlida para a
determinac8o da ciprofloxacina [45, 46].

A ciprofloxacina em solucdo aquosa apresenta

dois picos de absorcdo em bandas completamente
distintas e com méximos em 270 nm e 315 nm. De
acordo com a literatura, a absor¢do da radiacdo
eletromagnética na regido do ultravioleta e visivel
(UV-Vis) é caracteristica de moléculas que sofrem
transicBes eletrbnicas nos orbitais de baixa energia
[37, 38]. O espectro no UV-vis da ciprofloxacina
(Figura 2) apresenta duas bandas de absorcéo
referentes aos grupos cromoéforos presentes na
molécula, uma amina e um grupo carboxilico [11, 16,
20].

3,0+
2,5
2,0
8 ]
=
p= 1,54
E -
o 1,04
0
o |
< 05
0,0 -
200 300 400 500 600
A (nm)
Figura 2. Espectro de absor¢do molecular da ciprofloxacina em tampé&o pH 2,0 a
10" mol L™,

3.2. Estudo analitico

A curva analitica resultante do comportamento
do sinal analitico da ciprofloxacina em funcdo da
concentracdo pode ser representada pela equacéo i =
7.4 102 + 9,2 10%cipro], sendo que o valor de
correlacdo linear indica forte associacdo entre as
variaveiscomr = 0,9928 (n=7).

O desvio padréo encontrado foi de 0,09 e a
faixa linear esteve entre 3,0 10° e 2,0 10° mol L. O
limite de deteccdo foi de 3,0 10° mol L™, que
corresponde a menor quantidade de ciprofloxacina
presente em uma amostra e que pode ser detectada,
porém ndo necessariamente quantificada, sob as
condicBes experimentais estabelecidas (INMETRO,
2010). Para o limite de quantificacdo, obteve-se um

valor de 9,6 10° mol L™, o qual corresponde ao
menor nivel determinavel com precisdo e exatidao
aceitaveis.

3.3. Comportamento eletr ddico

A Figura 3 apresenta o voltamograma ciclico
tipico da ciprofloxacina, no qual é possivel observar a
presenca de um processo de oxidagdo irreversivel em
0,8 V vs Ag/AgCl em €eletrodo de carbono vitreo.
Assm como em outros sistemas eletroquimicos, o
processo eletrodico é dependente da natureza quimica
da espécie eletroativa, do meio reaciona e da
composicao da superficie do eletrodo. Estas variaveis
s80 as principais responsaveis pelas diferencas de
comportamento eletrédico.

Orbital Elec. J. Chem. 5 (1): 40-51, 2013
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Figura 3. Voltamogramas ciclicos em eletrodo de carbono vitreo. a) somente HCI 0,1 mol L™, b) ciprofloxacina
1,010*mol L. pH=2,0ev=80mvs™.

3.3. Tipo de detrdlito

Um eletrélito é um composto que ao ser
dissolvido num dado solvente, produz uma solucdo
com uma condutividade elétrica maior que a do
solvente puro. A escolha do eletrdlito adequada a um
sistema €eletroquimico tem sido considerada uma
etapa fundamental na otimizagdo da cinética
eletroquimica e das propriedades elétricas da solugao.
Apesar de serem escassas as informagdes a respeito,
agumas abordagens termodindmicas podem ser
deduzidas através do estudo do tipo de eletrdlito.
Considerando a agua como solvente, os eletrdlitos
suporte testados foram os sais. NaCl, KCl, NaNO; e
Na,SO, e os acidos HCl e H,SO,. Nos sistemas
eletroquimicos o eletrdlito suporte é adicionado em
altas concentragbes onde confere a solugéo e a
interface metal-solugdo uma série de propriedades,
como por exemplo, aforgaidnica.

A ciprofloxacina em solucdo de NaSO,
apresentou baixa solubilidade, ndo tendo sido
analisado 0 seu comportamento €letrddico neste meio.
Ja nos estudos com HCI, NaCl e KCI foi observado
100% de remocao da cor amarelada, caracteristica da
reacdo da ciprofloxacina com o Cl° e da posterior
formagdo de ions hipoclorito (CIO) gerados
eletroquimicamente. Segundo a literatura, o cloro
pode ser representado nas trés formas (cloro/Cl,,
acido hipocloroso/HCIO e ions hipaclorito/CIO). O
comportamento de €eletrdlitos contendo cloreto, nos
processos de oxidacdo, é bem conhecido, sendo que
sua eficacia, se deve em parte a adsor¢cdo do ion

cloreto na superficie do eletrodo, este fenébmeno afeta
a cinética do processo e as caracteristicas dos
produtos de oxidacdo.

O €feito do eetrdlito suporte sobre a reacdo
H*/H, vem sendo estudado por diversos autores [39,
40], sendo o equilibrio entre as formas, dependente do
pH do meio e da temperatura. Em temperaturas
ambientes e para 1,0 10° mol L™ de cloro/Clyyg, 0
acido hipocloroso/HCIO tem importante contribuicéo
em condicbes muito é&cidas sendo a espécie
predominante nesse meio. Os eletrdlitos de HCl e
NaCl apresentaram o melhor desempenho em valores
de pH 2 e 4 (Figura 4), o que pode ser observado pela
maior variagdo da absorbancia indicando maior
degradac&o da ciprofloxacina.

3.4. Efeito de pH

A natureza do eletrolito e o pH apresentam
grande influéncia na velocidade do processo de
degradac&o. O controle de pH tem sido um dos fatores
determinantes do grau de desinfeccdo quando
associado a concentracdo de cloro livre. Isto se deve a
capacidade de desinfeccdo do acido
hipocloroso/HCIO que costuma ser 80 a 100 vezes
maior do que ado ion hipoclorito/CIO™ [41, 42].

Em meio a Cl” ocorre uma maior eficiéncia na
degradac&o, que pode ser caracterizada pela acentuada
supressdo dos picos nas curvas de absorbancia em
UV-Vis. Entretanto, o pH € um dos fatores limitantes
deste processo, sendo que a reagdo acontece de
maneira mais eficiente em valores de pH na faixa
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acida (pH < 4,0).

E sabido que o espectro no UV-Vis da
ciprofloxacina é composto de duas bandas de
absorcdo. Para diferentes valores de pH ha uma
mudanca no espectro referente a cada banda e, a
medida que o pH da solucdo aumenta ocorre o
favorecimento do processo de
protonacdo/desprotonacdo, que corresponde aos
grupos amina e &cido carboxilico, respectivamente.

1,0 -
0,84
0,6 1
0,4
0,2

0,0

AA(nm)

0,2

-0,4

0,6 ,

O €feito do pH na absorcdo da ciprofloxacina
pode ser notado pela mudanca nos valores de
absorbancia cujo comportamento adegqua-se a uma
curva sigmoidal tipica de equilibrio acido-base. A
interseccdo entre as faixas lineares |1l e asfaixas 1l e
Il (Figura 5) correspondem aos valores de pH de 6,0
e 7,9, respectivamente. Estes valores sdo atribuidos ao
pKa; e pKa, da ciprofloxacina que de acordo com a
literatura encontram-se préximos a 6,2 e 8,8.

pH

Figura 4. Variacdo da absorbancia da ciprofloxacina (270 nm) em diferentes el etrdlitos em funcéo do pH.
Condices: Ic: 80 mA; concentracdo de ciprofloxacinade 1,0 10 mol L™

1,00-

0,95

0,92

ancla

o

0,88

absorb

0,84-

Figura 5. Espectro de absorcao da ciprofloxacina, 1,0 10* mol L™, em diferentes valores de pH (A= 270 nm).
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Na medida em que se diminui a acidez do
meio, o equilibrio acido-base tende a dedocar-se no
sentido da desprotonacdo da molécula. O primeiro
equilibrio corresponde a desprotonacdo do grupo
amina e o segundo a desprotonacdo do grupo
carboxilico. Consequentemente, pode-se encontrar em

(3)

solucdo quatro espécies. a espécie mais protonada (1),
a espécie neutra (2), a espécie anfotérica (3) e a
espécie com carga negativa (4). A ateracdo do pH
promove alteracdo desse equilibrio, favorecendo a
formacdo de uma ou duas dessas formas
representados no esquema 1.

Esquema 1. Equilibrio de protonacdo da ciprofloxacina.

3.5. Efeito da Forca l16nica

De acordo com a teoria de Debye-Huickel, em
solucdes de eletrdlitos fortes como o HCI, os ions
estdo sujeitos a acdo da Lei de Coulomb. Portanto,
guanto maior a carga desses ions e maior a
concentracdo da solucdo, maior serd aforca de atracéo
interidnica. Para solucBes diluidas a probabilidade de
formagéo de aglomerados iGnicos é muito pequena ou
guase nula, nesse caso a atividade se aproxima ou até
se iguala a concentracdo anadlitica. Ja a intensidade do
campo elétrico gerado pela presenca de ions em
solugdo é quantificada através do parametro forga
idnica, introduzida por Lewisem 1921.

Para avaliar o efeito da forca ibnica foram
realizados experimentos em diferentes concentracdes
do eletrélito suporte nafaixade 0,1 21,0 10* mol L™,
Em solugdes diluidas houve pouca variagdo no
comportamento de eletrodegradacéo da
ciprofloxacina. A Figura 6 mostra a influéncia da

forca ibnica no processo de €detrdlise da
ciprofloxacina, solugdes com forga idnica abaixo de
1,0 102 mol L™ ndo apresentaram boa eficacia no
processo de degradacao.

Com o estudo da forca idnica foi possivel
perceber que o0 aumento na concentracdo do el etrélito
interfere diretamente na taxa de degradacdo da
ciprofloxacina. Nos experimentos com HCl foi
observado que, para uma mesma intensidade de
corrente e em concentragdes maiores, ocorre uma
maior velocidade de remocdo da cor. Com o HCI,
provavelmente ocorreu a eletrdlise indireta, ou sgja, a
oxidacdo da ciprofloxacina devido a formacdo do
&cido hipocloroso. N&o obstante, o excesso de H* no
meio pode interferir na reacéo de
protonacdo/desprotonacdo da ciprofloxacina, onde o
excesso desta espécie estabiliza a molécula organica
encobrindo possiveis sinais de reagdes redox que
possam vir a ocorrer.
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Figura 6. Estudo da Forcaiénicaem HCI, pH=2,0 e Ic: 80 mA.

3.6. Efeito daintensidade de corrente

O consumo de energia em processos
eletroquimicos é de suma importancia para verificar a
sua viabilidade. A eficiéncia da corrente aplicada é
maior para menores intensidades de corrente.
Aumentando-se a corrente, diminui-se a eficiéncia do
processo, uma vez que altos valores favorecem a
reacdo de desprendimento de oxigénio. Além disso,
em menores intensidades de corrente, 0 consumo de
energia € menor. Esse comportamento é explicado
pelo fato de que em menores correntes a reacdo de
desprendimento de oxigénio ndo interfere na oxidacéo
do composto orgénico, assim a maior parte da
corrente aplicada se concentra na oxidacdo da
ciprofloxacina. Correntes maiores apresentam maior
consumo de energia, uma vez que uma parte da
corrente aplicada ndo é utilizada para a reacdo de
interesse que é a oxidacao do farmaco.

O consumo de energia por volume de agua
tratada foi calculado em kwWh m™ e pode ser calculado
por E it/ 1000 V, onde E é o potencia médio da
célula durante a eletrdlise (V), i € a corrente aplicada
em ampére (A), t é o tempo da eletrélise em horase V
é 0 volume do efluente em m>. O resultado indicou
um consumo de 0,035 kWh m™ para uma aplicaczo de
corrente de 80 mA a 25 °C. Este valor indica um

baixo consumo para remoc¢do de tracos de poluente
organico, sendo coerente com a baixa concentracdo da
ciprofloxacina presente. Sistemas mais contaminados
chegam a consumir 2 a 10 kWh m, a exemplo do
tratamento eletroquimico do chorume que consome
4,06 KWh m*.

Para verificar a influéncia das intensidades de
corrente na eletrodegradacdo da ciprofloxacina foram
testados as correntes de 20, 40, 80 120 e 160 mA
(Figura 7), que estima-se corresponder a potenciais
entre 0,8 e 2,6 V. Foram retiradas e analisadas
amostras da solugdo por espectrofotometria no intuito
de monitorar o clareamento da solucdo de
ciprofloxacina. Observou-se uma diminuicdo na
intensidade da cor a partir de corrente de 40 mA. O
aumento da eficiéncia da oxidacédo eletroquimica da
ciprofloxacina, com o0 aumento da intensidade de
corrente, é atribuido ao acréscimo de transporte iénico
gue provoca um aumento na velocidade das reacfes
no eletrodo. De acordo com o acompanhamento da
cinética reacional, em cerca de 2 minutos, todas as
intensidades de corrente foram eficientes na
degradacédo da molécula de ciprofloxacina, visto que
os radicais OH" produzidos nos processos
eletroquimicos reagem rapidamente, de 1,8 a 16,9
mol™ L min?, com compostos organicos que contém
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anéis aromaticos, como a ciprofloxacina.

Utilizando-se correntes entre 20 e 40 mA foi
possivel notar que o processo de oxidacdo se
completa em torno de 25 minutos, sendo que em
intensidade de corrente acima desse valor o percentual
de remocdo acanca aproximadamente 100% em
apenas 5 minutos de tratamento. Além disso, em
correntes superiores a 120 mA e na auséncia de
compostos organicos oxidaveis, os radicais oxigénio
ativos e dissolvidos formam o gas oxigénio de forma
mais rapida que a oxidagdo eletrogquimica da

ciprofloxacina, diminuindo a eficacia do processo. Na
Figura 7, observa-se o comportamento do sistema
quando da aplicacdo de diferentes valores de corrente
(i). A corrente 6tima esta abaixo de 120 mA, sendo o
melhor resultado obtido em 80 mA. Acima deste valor
a energia disponivel tende a ser consumida em
reacOes paralelas, como pode ser observado pelo
aumento da corrente apds um tempo de 17 minutos.
Por sua vez, valores de corrente muito baixos como
20 mA ndo permitem que a reagdo Se propague na
velocidade ideal como numa reacdo homogénea em
regime de pseudo-primeira ordem.

2.4
| — = 20mA
—eo— 40mA
.g 2,0+ 80mMA
c 1 —v— 120mA
‘_‘85 1,61 180mA
O d
8 12
< 1
0,84
04— .

0 500

1000 1500 2000 2500 3000

Tempo(s)

Figura 5. Comportamento da absorbancia em 270 nm em fungdo do tempo de oxidacdo da ciprofloxacina em
eletrodo de Ti/TiO,. Condicdes: 2,5 10° mol L™ de ciprofloxacina, pH = 2,0; HCl 0,1 mol L™ elc: 80 mA.

3.7. Aplicacdo da €detrodegradacdo da
ciprofloxacina em agua de abastecimento

A eletrodegradacdo da ciprofloxacina foi
acompanhada por espectrofotometria, escolhida pela
sua versatilidade em fornecer informacfes qualitativas
no estudo dos processos el etroquimicos, permitindo o
monitoramento da oxidagdo da ciprofloxacina [43,
44].

Os resultados da aplicacéo da eletrodegradacdo
da ciprofloxacina em égua de rio utilizando HCl como
eletrélito suporte em meio reaciona de pH 2,0 estéo

ilustrados no gréfico daFigura8. A cada5 minutos de
aplicacdo de uma intensidade de corrente de 80 mA
foi possivel perceber a viabilidade do método. O teor
de carbono orgénico total (COT) tem sido usado com
freqguéncia no  monitoramento das oxidacBes
eletroquimicas, no entanto, para este sistema, ndo
obtivemos resultados satisfatorios [45-48], em funcdo
da quantidade de ciprofloxacina estar em nivel abaixo
do limite de deteccéo e da faixa de trabalho usual da
técnica, que seria da ordemde50 mgL*a10g L™
Para a ciprofloxacina o limite de deteccéo estaria em
torno de 43 mg L™ (1,3 10* mol L™), sendo que as
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andlises tem como valor inicia 1,0 10° mol L™
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Figura 8. Redugao da absorbancia da ciprofloxacina (1,0 10 mol L™) em &gua de abastecimento acrescida de
eletrdlito suporte (HCl a0,1 mol L™) em fungdo do tempo de eletrolise. (A = 270 nm).

4. CONCLUSION

A eficiéncia da €eletrodegradacdo da
ciprofloxacina  em Anodos Dimensionamente
Estaveis foi avaiada através da eletroatividade da
ciprofloxacina em meio a diferentes condicdes
experimentais. Na otimizacdo do processo de
eletrodegradacdo, aintensidade de corrente de 80 mA
foi considerada adegquada para um bom desempenho
do sistema eletroquimico. Aliado a isto, observou-se
gue o uso de HCl ou NaCl como eletrolito suporte
favoreceram o processo de eletrodegradacdo. Em
estudos na presenca de cloreto houve a remocéo de
100% da cor amarela, caracteristica da degradacéo da
solucdo aquosa de ciprofloxacina apés 5 minutos. Em
ambos os eletrdlitos a presenca do anion Cl” propiciou
aformacdo do acido hipocloroso que apresentou uma
melhor eficiéncia na eletrodegradacdo do farmaco.
Nos estudos com variagdo de pH, foi possivel
perceber que este € um fator limitante, uma vez que a
reacdo acontece com maior eficacia em pH abaixo de
4,0. Por espectrofotometriafoi possivel determinar as
formas presentes em cada ambiente protbnico na
presenca de dois valores de pKa, o primeiro em 6,0
atribuido ao equilibrio de protonacédo do grupo amina
e 0 segundo atribuido ao equilibrio de grupo

carboxilico. A molécula de ciprofloxacina foi
degradada apds aproximadamente 5 minutos. Por
outro lado, a degradacdo de ciprofloxacina em meio a
agua de abastecimento ocorreu em um tempo maior,
aproximadamente 8 minutos. Esse fato demonstra que
o tratamento com eletrodos ADE sfo efetivos para a
degradac&o de baixas concentrages de ciprofloxacina
em ambiente aquatico e que o tipo de eletrdlito, a
forcaibnicae o pH do meio sdo fatores determinantes
na eficacia do processo de eletrodegradacao.
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Abstract: This paper presents the synthesis of cobaltites of the nominal composition of NiCo,O, and
CdCo,0, from the precursors NiCo,(N,H4)1.5(crot),.H,O and
CdCo,(N,H4)(crot),.H,O respectively. The precursor complexes have been synthesized by simple chemical
technique and characterized by their elemental composition, FT-IR spectroscopy and TG-DTA. Thermograms
of both the complexes indicated their facile decomposition at relatively low temperature range 141 °C-398 °C
to give the corresponding stable mixed metal oxides. The Infrared anaysis of the residue shows two
absorption bands in the region 662 cm* and 560 cmi* corresponding to the metal-oxygen stretching from
tetrahedral and octahedral sites respectively, which are characteristics of cobaltites. Formation of cobaltite has
been confirmed by thermogravimetry (TG) weight loss and X-ray diffraction. Combustion of the precursor in
air yields fine powder of cobaltites with large surface area which has been confirmed by XRD patterns.

Keywords: cobaltites; FT-IR spectroscopy; TG-DTA; XRD

1. INTRODUCTION processing control and firing temperatures. Among
the binary cobaltites of transition metals with the
genera formula MCo,O4 where M is a divalent
cation of ad element, Ni, Cu and Zn cobaltites are of

definite interest due to their diverse applications as

Spinels are an important class of material due
to their catalytic and magnetic properties. Cobaltites
show significant catalytic activity [1]. Spinels are also

used as a basis for the conceptual development and
application of crysta field theory, particularly,
through the calculation of site preference energies in
determination of inverse or normal spinel structures
which has also been demonstrated through the use of
ping-pong ball models to aid the understanding of
structure development [2, 3]. Various methods for the
synthesis of spinels have been studied, such as co-
precipitation of the hydroxides and oxylates,
complexometric (sol-gel) synthesis through glycolate,
ethylenediaminetetraacetate (EDTA), fumarate and
citrate intermediates, organometallic synthesis in a
polymer matrices, mechanochemical methods using
binary oxides and synthesis within silica ampouleg4,
5].

Researchers have given a considerable

attention in synthesizing cobaltite system by
exploring the precursors used, preparation methods,

" Corresponding author. E-mail: manimekalair@ymail .com

oxide electrode materials, magnetic materias,
thermistors and catalysts [6-11]. Cobaltites have
attracted much attention of the chemists due to their
application as low cost fuel cell electrodes.

A wide option of preparative methods can be
employed to obtain the desired novel products. Some
of the methods applied are traditional ceramic
preparation or better known as solid-state route and
chemical techniques such as sol-gel, electrochemical,
solvothermal, hydrothermal, combustion and co-
precipitation. Thermal treatment of co-precipitated
precursors is proven to be the most promising method
in preparing cobaltite spinels [12-15].

The possibility of synthesis of cobaltites as
high-dispersity material using the respective metal
cobalt crotonate hydrazinate as precursors is studied
in the present paper.
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2.MATERIAL AND METHODS

2.1. Preparation of nickel cobalt crotonate

hydrazinate

The nickel cobalt crotonate hydrazinate is
prepared by heating aqueous suspension of the
corresponding metal carbonates
(NiCO3.2Ni(OH),.4H,0, 1 g, 0.002 mol; CoCOs, 1 g,
0.008 mol) and crotonic acid (3.44 g, 0.03 mol) in 50
mL of water. It isfiltered and cooled. To thisresulting
clear solution, aqueous solution (50 mL) of hydrazine
hydrate (2.5 mL, 0.05 mol) is added. The complex is
formed after a few minutes. It is kept for an hour for
digestion, then filtered and washed with water,
acohol followed by diethylether and air dried.

2.2. Preparation of cadmium cobalt crotonate
hydrazinate

This complex is also prepared by the same
procedure as above with molar ratio of CdCOs, 1 g,
0.006 mol: crotonic acid, 3.44 g, 0.04 mol: hydrazine
hydrate, 2.5 mL, 0.05 mol. The colourless spongy
crystals of the complex are formed slowly.

Both the precursor complexes are obtained as
polycrystalline powders which are insoluble in water,
alcohal, diethyl ether and other organic solvents. All
the complexes are stable in air and insensitive to light.

2.3. Preparation of cobaltites

The cobaltites MCo,0, where M = Ni or Cd
have been obtained as residues by heating respective
precursors at 400 °C in pre-heated silica crucible for
about 15 minutes. While heating, the precursors
should be added in small portions to the crucible in
order to avoid explosions, since they decompose
violently.

2.4. Quantitative methods

The hydrazine content in the sample was
determined by titration using K10O; as the titrant [16].
The percentage of nickel or cadmium and cobalt in
the precursor was estimated by the standard methods
giveninthe Vogel's textbook [16].

2.5. Physico-chemical techniques
2.5.1. Infrared spectrum

The infrared spectra of the solid samples were
recorded by the KBr disc technique using a Perkin
Elmer 597/1650 spectrophotometer.

2.5.2. Thermal analysis

The simultaneous TG-DTA experiments were

carried out in Shimadzu DT40, Stanton 781 and STA
1500 thermal analyzers. Therma anayses were
carried out in air at the heating rate of 10 °C per
minute using 5-10 mg of the samples. Platinum cups
were used as sample holders and alumina as
reference. The temperature range was ambient to 700
°C.

2.5.3. X-ray powder diffraction

The X-ray powder diffraction patterns of the
samples were obtained using a Philips X-ray
Diffractometer with vertical goniometry model PW
1050/70 using Cu Ka/Co Ka /Mo Ka radiation with
nickel /iron/ tantalum filters.

3. RESULTSAND DISCUSSION

3.1. Chemical formula determination of nickel
cobalt crotonate hydrazinate

From the IR spectrum of this complex, it is
observed that the N-N stretching frequeny is seen at
964 cm™, which unambiguously proves the bidentate
bridging nature of the hydrazine ligand [17]. The
asymmetric and symmetric stretching frequencies of
the carboxylate ions are seen at 1613 and 1410 cm'?,
respectively with the Av (vasymm- vsym) separation
of 203 cm™, which indicate the monodentate linkage
of both carboxylate groups in the dianion. The N-H
stretching is observed at 3029 cm™. The IR data thus
confirms the formation of nickel cobalt crotonate
hydrazinate complex. The chemical formula
NiCo,(N,H4)1.5(crot),.H,0 has been assigned to the
complex, nickel cobalt cinnamate hydrazinate based
on the observed percentage of hydrazine (16.19),
nickel (6.58) and cobalt (13.23) which are found to
match closely with the calculated values 17.07, 6.50
and 1213 for hydrazine, nickel and cobalt
respectively.

Figure 1. IR Spectrum of NiCo,(N,H4)1.5(crot),.H,0.

3.2. Chemical formula determination of cadmium
cobalt crotonate hydrazinate

Orbital Elec. J. Chem. 5 (1): 52-55, 2013
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The IR spectrum of this complex shows that the N-N
stretching frequency is at 960 cm, which clearly
proves the bidentate bridging nature of the hydrazine
ligand [17]. The asymmetric and symmetric stretching
frequencies of the carboxylate ions are seen at 1560
and 1413 cm™, respectively with the Av (vasymm-
vsym) separation of 147 cm™, which indicate the
unidentate linkage of both carboxylate groups in the
dianion. The N-H stretching is observed at 3259 cm™.
The chemical formula CdCo,(N,H,4)(crot),.H,O has
been assigned to the complex, cadmium cobalt
cinnamate hydrazinate based on the observed
percentage of hydrazine (6.00), cadmium (12.38) and
cobalt (13.16) which are found to match closely with
the calculated values 5.28, 11.38 and 12.00 for
hydrazine, cadmium and cobalt, respectively.

3.3. Thermal analysis of the precur sor

From the thermal decomposition data of the
prepared complexes, it is observed that the
compounds decompose exothermically to yield the

corresponding oxides, NiCo,0, and CdCo,0, as the
final products. The observed weight losses match very
well with the expected values. The maor weight
losses of 76.43% and 69.24% on the TG curve from
141-385 °C and 233-398 °C respectively are
attributed to the decarboxylation of dehydrazinated
complexes.

11
20000 20 B0 20 2000 1800

1600 140 1200 1000 80 600 4000
Wavenumber e

Figure 2. IR
CdCOg(N2H4)1.5(Cr0t)2.H20.

Spectrum of

Table 1. Thermal analysis.
TG Temp % Weight loss
range°C Cad Obsd

Compound DTA peak

temp (°C)

Decomposition
product

54

NiCo,(N,Hy)1 5(crot),.H,0 141 - 385 7313 7643 375 (9) NiCo,0,
Mol .Wt.: 297.17
2 CdCo,(N;Hy)1 5(crot),.H,0 233-398 6730  69.24 383(-) CdCo,0,
Mol .Wt.: 298.64
3.4. Cobaltites decomposition of hydrazine mixed metal crotonates

The chemica anaysis of the cobaltites
prepared from the precursors show that the metal and
cobat in these residues are present in 2:1 ratios.
Formation of cabaltites by the thermal decomposition
of the mixed metal complexes was confirmed by
thermogravimetry (TG) weight loss and XRD
patterns. The Infrared Spectra of the residues show
two absorption bands in the region 660-665 and 555-
562 cm® corresponding to the metal-oxygen
stretching from tetrahedral and octahedral sites
respectively, which are characteristics of cobaltites
[13]. Further investigation has been carried out by
obtaining X—ray powder diffraction pattern of the
residues. The ‘a value of cobaltites with cubic
symmetry calculated from the pattern match very well
with the reported values [18]. The crystalline sizes of
the nickel and cadmium cobaltites are calculated
using Scherrer formula, T= KM fcosf, which are
found to be 8.0833nm and 8.1050 nm respectively.
The cobaltites thus obtained prepared by thermal

are in finely powdered form with large surface area.
Hence this can be used in the catalytic reactions. The
X-ray pattern of NiCo,0, is shown in Figure 3 as a
representative example.

(4,00
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Figure 3. XRD pattern of NiCo,0,.

4. CONCLUSION
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Abstract: Diastereoselective synthesis of SS-2-methylsulfanyl-2-methylsulfinyl-1-indanol by reduction of
SS-2-methylsulfanyl-2-methylsulfinyl-1-indanone optically enriched demonstrating to be highly efficiency
using the sulfanyl group as asymmetric induction control agent during an addition reaction to carbonyl
group.The 2-methylsulfinyl-1-indanone was obtained for the first time in one unique step without further
oxidation steps. The synthesis of SR, SS of 2-methylsulphinyl-1-indanone optically enriched in good yield and
good enantiomeric excess determined by nuclear magnetic resonance technique employing the Kagan reagent

as chiral shift agent.

Keywords: asymmetric synthesis; indanone; indanol; phase-transfer catalysis

1. INTRODUCTION

The term "phase-transfer catalysis" (PTC) was
first used by Starks [1] in 1971 and can be defined as
"a synthetic method that accelerates or causes
reactions between substances that are placed in
contact via one transfer agent or catalyst." [2] The
transfer agent or catalyst is often an ammonium salt or
quaternary phosphonium, usually called "quat" and
symbolized by Q" (Q"X"). An example of such salts
are tetrabutyl ammonium bromide (C4Ho)4sN"Br.

The first mechanistic proposal for the process
of phase-transfer catalysis was formulated by Starks
[1, 3] for a liquid-liquid system (LL-PTC) using a
nucleophilic substitution reaction (Scheme 1).

This type of catalysis has wide range of
applications, especially in nucleophilic substitution
reactions and reactions involving deprotonation of
weak organic acids [4].

It is estimated that, nowadays, the PTC is used
in over 500 industrial processes, for example, in the
production of pharmaceuticals, agrochemicals,
polymers etc [5].

Other systems in addition to the (LL-PTC) [3]
are used, such as solid-liquid (SL-PTC) [6] and gas-

liquid (GL-PTC) [7] wherein the catalytic cycle
occurs with the transfer between the two phases,
analogous to that proposed for the liquid-liquid

system.
NaCN,q), H20, 105°C
C8H17CI C8H17CN
Q*X, 2h
RX + Q7Y RY + QX
organic phase

Interphase

aqueous phase
or
solid fase

M*X- + Q'Y M+Y- + QX

;
X'= CI'; Y'=CN’; Q"= BuzP(CHy)15CH3
X'= leaving group
Y = nucleophile
Q*= catalyst

Scheme 1. Mechanistic proposal for a nucleophilic
substitution reaction via phase-transfer catalysis.

Among these types of catalysis is the
asymmetric phase-transfer catalysis (APTC) which

has used quaternary ammonium salts with defined
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stereogenic centers of asymmetric induction in
organic compounds, for example, the salts (1) and (2)
of alkaloids ephedra and (3) and (4) of the Cinchona
[8] (Figure 1) have been used frequently and
conducted at good results in terms of stereoselectivity,
especially when the substituents in the quaternary
nitrogen are bulky.

Although chiral ethers-crown are more
resistant to decomposition and have been used
successfully, for example, in asymmetric Michael

. . . . 4
?ddltlon, reactlf)ns, . thmr l'ngh cost  makes Figure 1. Salts derivated of the ephedra alcaloids: (1)
impracticable their use in industrial scale [8]. and (2) and salts derivated of the cinchona (3) and (4).
O 0]
NaOH(aq) 50%
O’ O *CHCl T (6) 0.10% mol ’ O
MeO ' P MeO CH3
95%
5 e.e. 80%
A
h
go/,,/wﬁi Br
) h
SN CF4

6

Scheme 2. Methylation of 6,7-dichloro-5-methoxy-2-phenyl-1-indanone by asymmetric phase-transfer catalysis.

One of the best results in APTC reactions were
obtained by Dolling [9] on the asymmetric
methylation of  6,7-dichloro-5-methoxy- 2-phenyl-
l-indanone  (5) wusing as catalyst  N-[(4-
trifluoromethyl) benzyl] cinchoninium bromide (6)
(Scheme 2).

The enantioselection mechanism proposed in
this case is based on the formation of a chiral enolate
of indanone (5) by the association of three points with
the catalyst. In this mechanistic model, the formation
of an intimate ionic-pair is guaranteed by a hydrogen
bond between the hydroxyl group of the catalyst and
the oxygen of the enolate by an interaction type n-n
(aromatic ring of the enolate with the quinoline ring
of the catalyst) and also other n-m interaction (benzyl
ring of the catalyst with the phenyl group of the
enolate) (Figure 2).

The association between the enolate and the
catalyst must block one face of the enolate for the
approximation of the electrophile, explaining the high
values of enantiomeric excess. It is noteworthy that

the mechanistic model proposed is supported by the
stereochemistry of the obtained adducts.

The asymmetric phase-transfer catalysis
proved to be a versatile method for inducing
asymmetry in organic compounds; the literature
contains several examples of the use of APTC in
organic synthesis as sowed in the Table 1.

CF3
Figure 2. Methylation of 6,7-dichloro-5-methoxy-2-
phenyl-1-indanone by asymmetric phase-transfer
catalysis.

Among the synthetic reactions using APTC,
the sulfanylation of B-sulfoxides have shown to be
important because the obtained sulfoxides can be used

Orbital Elec. J. Chem. 5 (1): 56-61, 2013
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as chiral auxiliary in asymmetric synthesis [14, 15]
and may be efficient as stereoselective inductors in

reduction reactions, Diels-Alder reactions and the
formation of C-C reactions [16-20]

Table 1. Some example of reactions catalyzed by APTC.

eaction atalys ef.
React Catalyst Ref
o o~
PhYO cat. 10% mol
Ph CsOH.H,0, BnBr, CH,Cl, [10]
_0 80%
(0]
cat. 10% mol
Ph /N\AOtBu >
Bh CSOH.H,0, CH,Cly
0 [11]
AC/O/"(%O/
63%
Ph
o Ph)%N
cat. 10% mol
Ph /N\)J\OtBu ° W
" >CO,tBuU
P KOHOHCE e [12]
(0]
A
49% e.e. 92%
2 O
\/M cat. 10% mol
Ph /%O
(n-Bu),0, LIOH, H,0 1§
o) [13]
)J\ H e.e. 79%

49%

The efficiency of asymmetric induction is
directly related to steric and electronic factors [17-20]
between the groups attached in the sulfur atom. Thus,
new methods for obtaining optically active sulfoxides
are required for the synthesis of enantiomerically
enriched compounds.

The o-hydroxy aldehydes and ketones proved
to be very important precursors for the synthesis of
biologically active compounds such as pheromones,
ionophores and carbohydrates [21-23]. In this paper
we present a synthetic study of S,S-2-methylsulfinyl-
2- methylthio-1-indanol (7) enantiomerically enriched
(Figure 3).

OH

\ ,SOMe
““SMe

(7)

Figure 3. Structure of S,S-2-methylsulfinyl-2-
methylthio-1-indanol.

2. MATERIAL AND METHODS
2.1. Materials

All reagents were purchased from Sigma-
Aldrich and used without further purifications. 'H-
NMR and "3C-NMR spectra were recorded on a
Varian Inova 300 spectrometer (10% in CDCl;
solutions) operating at 299.956 MHz and 75.418
MHz, respectively. Data processing was carried out
on a Solaris workstation.

'H and "*C chemical shifts are given on the
0 scale (ppm) and coupling constants (J) are reported
in Hz. The following abbreviations were used: s, d, q
and m, for singlet, doublet, quartet and multiplet,
respectively.

Thin layer chromatography was performed on
glass-backed silica plates and visualized in UV-
detection. The GC analysis were carried on Varian
GC 431, equipped with CP 8944 column associated
with Varian MS, model 210, using He as carrier gas.

The diastereomeric excess was obtained by

Orbital Elec. J. Chem. 5 (1): 56-61, 2013
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N 1. LDA 0
2.2. Synthetic Procedures ‘ -
. . = @) Me
2.2.1 (¢)-2-methylsulfinyl-1-indanone (8): A mixture 2. !
of n-butyllithium (5 mL, 10.0 mmol), THF (60 mL) Cl”+"Me

and lithium diisopropylamide (LDA) (1.0 g,
10.0 mmol) were stirred at 200 rpm for 5 min, after
this time the reaction mixture was cooled until -78 °C
and added I-indanone (1.32 g, 10.0 mmol) and
stirred for 15 min, then, methanesulfinyl chloride
(098 g, 10.0 mmol) was added. The mixture was
stirred at 200 rpm for 2 hours and after this time, a
saturated solution of sodium chloride (60 mL) was
added and stirred at 200 rpm for 2 min. All of
procedure occurred at room temperature. The organic
phase was extracted with CH»Cl, (3X 60 mL), dried
over MgSO4 and concentrated under reduced
pressure. The concentrate was purified by flash
chromatography (silica, hexane/ether, 1:1,
respectively) [24].

2.2.2 (¥)-2-methylsulfanyl-2-methylsulfinyl-1-
indanone (9): A mixture of (£)-2-Methylsulfinyl-1-
indanone (0.19 g, 1.0 mmol), CH3SSO,CHj3 (0.126 g,
1.0 mmol), solid K»COj3 (0.27 g, 2,0 mmol), a solution
of CH,Cl,/C¢Hs 1:1 (10 mL) and
benzyltriethylamonium chloride (TEBAC) (0.022 g,
0.1 mmol) or N-benzylquininium chloride (QUIBEC)
(0.090 g, 0.2 mmol) was stirred for 3 hours at room
temperature.  The reaction mixture was filtered
concentrated under reduced pressure. The concentrate
was purified by flash chromatography (silica,
hexane/ether, 1:1, respectively) [25].

223 S,S-2-methylsulfanyl-2-methylsulfinyl-1-
indanol (7): A mixture of methanol (15 mL), a
solution of NaBH4 (0.076 g, 2.0 mmol) in 3 mL of
methanol and a diastereomeric mixture 17:1 of (+)-2-
methylsulfanyl-2-methylsulfinyl-1-indanone )
(0.242 g, 1.0 mmol) was stirred at 200 rpm during
1 hour at -78 °C. After this time, was added a
saturated solution of ammonium chloride (10 mL).
The organic phase was extracted with CH>Cl» 3
X 60 mL), dried over MgSO4 and concentrated under
reduced pressure. The concentrate was purified by
lixiviation using acetone [26].

3. RESULTS AND DISCUSSION

The keto sufoxide (8) was obtained adapting a
synthetic method used for (£)-2-methylsulfinyl-1-

tetralone [27] (Scheme 3).

Scheme 3. Synthesis of the keto sulfoxide (8).

The enolate from 1-indanone (generated in
homogeneous phase, using LDA as the base) reacted
with the methylsulfinyl chloride to form the keto
sulfoxide in one step [28]. Is noteworthy that this is
the first time that this reaction without the oxidation
step [29] is reported in the literature. This method
avoided the formation of disulfanilated product in the
first step and conducted to the product (8) in 65%
yield and 59% of diastereomeric excess, calculated
from the integration of the !'H-NMR signals
corresponding to methylsulfinyl group in 2.88 and
2.59 ppm.

Initially, the sulfanylation reaction of the
sulfinylated derivative (8) was tested in APTC
conditions using TEBAC as catalyst, K»CO3 as base,
S-methylmethanethiolsulfonate as the sulfanylating
agent CH.Cl/C¢Hs 1:1 as
(Scheme 4) [29]. The sulfanylation of racemic
mixture of 2-methylsulfinyl-1-indanone in these
conditions was monitored by TLC and after 3 hours
the reaction finished.

and a solvent

(0] 0O o
/
//O K;COj3, CH3SSO,CH3, TEBAC /\
\ Me
Me —

Scheme 4. Sulfanylation reaction of 2-methylsulfinyl-
1-indanone (8).

CH,Cl,, CgHg, 3 h

After purification, the 2-methylsulfanyl-2-
methylsulfinyl-1-indanone was obtained in 84% yield
and 73% of diastereomeric excess. The majority
diastereoisomer was isolated by TLC in 55 % yield.
The '"H-NMR spectra for the majority diastereoisomer
showed 2 siglets in 2.82 and 2.34 ppm that
corresponds to methylsulfinyl and methylsulfanyl
groups respectively [30]. The X-ray to the same
compound  obtained under scalemic  form
demonstrated to be the CS, SS diastereoisomer (Figure
4).

Aiming to improve the yield of the reaction we
tested the same APTC conditions replacing TEBAC
by QUIBEC as catalyst. In this case, the obtained
yield was 93% and 73% of diastereomeric excess. It is
noteworthy that the majority diastereoisomer formed
was the same in the case of the reaction catalyzed by
TEBAC.

Orbital Elec. J. Chem. 5 (1): 56-61, 2013
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Figure 4. X-ray projection of (CS, SS) component of
the pair of the 2-methylsulfanyl-2-methylsulfinyl-1-
indanone racemic compound.

For comparison with homogeneous conditions,
we establish the sulfanylation reaction of (8) using
LiOH as Dbase, CH;Cl, as solvent and
S-methylmethanethiolsulfonate as the sulfanylating
agent. In this case, the reaction occurred faster than
the first condition, and it was finished in 1 hour. The
yields obtained were 93% and 90% diastereomeric
excess.

The reduction of S S-2-methylsulfanyl-2-
methylsulfinyl-1-indanone (diastereoisomer mixture
10:0.8) using NaBH4 was performed in metanol as
solvent, isolating a unique diastereoisomer (10) in
70% yield and 90% of diastereomeric excess (Scheme
5).

0 OH

2 :
. NaBH, SOMe
(\ Me “'SMe

MeOH, -78 °C
(9) 0]

Scheme 5. Reduction reaction of (£)-2-
methylsulfanyl-2-methylsulfinyl-1-indanone (9).

The hydrogen bonded to C-1 was observed in
the 'H-NMR spectra, in the form of doublet at
5.58 ppm (J=12 Hz).

4. CONCLUSION

In this paper we demonstrated the asymmetric
synthesis SR or SS of 2-methylsulfanyl-2-
methylsulfinyl -1-indanone (9) optically enriched in
good yield, but in excellent diastereomeric excess
determined by nuclear magnetic resonance technique
employing the Kagan reagent as chiral shift reagent.

Therefore, we showed the diastereoselective
synthesis of §,S-2-methylsulfanyl-2-methylsulfinyl-1-
indanol (7) by reduction reaction using 2-
methylsulfanyl-2-methylsulfinyl-1-indanone 9

optically enriched demonstrating the high efficiency
of the sulfoxide group on the control of asymmetric
induction in the carbonyl addition reaction.
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Abstract: Conjugation of fluorophores to proteins is fundamental to several biotechnologica applications
and in the last decades boron-dipyrromethene (BODIPY) dyes started to be used in this field. BODIPY's are
dipyrrin derivatives complexed to difluoroboryl that possesses several attractive photophysical properties.
Herein we reviewed the synthetic methodologies published by academic and non-academic research groups
aiming the obtainment of reactive BODIPY derivatives for conjugation with proteins.

Keywords: BODIPY:; fluorophore; synthesis; protein; bioconjugation

1. INTRODUCTION

Fluorescence was discovered in the 16"
century and is the non-thermal emission of light by
molecules in a singlet excited state [1]. With the
development of fluorescence spectroscopy, flow
cytometry and fluorescent-based image techniques in
the last few decades of the 20" century, fluorescent
chemicals (fluorophores or fluorochromes) have
become suitable research tools [2, 3]. In this context,
interest in the synthesis of fluorescent compounds has
grown dramatically, and there are several fluorescent
dyes with variable photophysical properties that can
be obtained commercialy (e.g. BODIPY FL,
BODIPY TMR, BODIPY TR, BODIPY R6G).

4,4-difluoro-4-bora-3a4a-diaza-s-indacene,
aso known as boron-dipyrromethene and BODIPY
(which will be used hereafter), consists of a group of
fluorescent dyes first synthesized by Treibs and
Kreuzer in 1968 [4]. This class of fluorophores
exhibits interesting properties, such as high stability,
sharp fluorescence peaks, tunable emission and high
quantum vyields. Although BODIPYs have been
known for along time, only after the publication of a
patent [5] in 1988 by Molecular Probes®, which is a
company founded by Professor Richard Haugland and
later incorporated by Life Technologies™, did the
technological applications of BODIPY as a
biomolecule label begin to increase. This patent was a
turning point in the application and study of

BODIPYs, and some of its synthetic approaches will
be discussed in this review. No commercial interests
involving the authors and this, or any other, company
exists, and the discussions within the text are only for
academic purposes.

Symmetric BODIPY s can be obtained from the
condensation of two identical pyrrolic units and a
carbonyl compound (aldehyde or acyl chloride) in a
reaction catalyzed by a strong acid, which is
commonly hydrobromic acid (HBr) or trifluoroacetic
acid (TFA) (Figure 1). This reaction vyields a
dipyrromethane substituted by the structure
previously linked to the carbonyl reagent at the
central position (meso position). The dipyrromethane
is aromatized (chloranil or DDQ are commonly used)
resulting in a dipyrromethene (or dipyrrin) that is
ultimately converted to the BODIPY by complexation
with a difluoroboryl unit in a base-catalyzed reaction
with trifluoroboryl etherate (BF;.OFEt,), classically
using triethylamine (TEA). Non-meso-substituted
BODIPYs can be obtained using two different
pyrrolic units where one of them contains a
carboxyaldehyde group at C2 position of the pyrrolic
ring. The reaction is catalyzed by phosphoryl chloride
and directly yields the dipyrrin, which is subsequently
converted to BODIPY by the same method discussed
earlier (Figure 1).

In the last 20 years, thousands of structurally
diverse  BODIPYs have been  synthesized
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and applied in severa studies [6]. BODIPYs have a

widely range of application in biochemistry,
biophysics and biotechnology with protein labeling
being one of the most common uses. Because of the
lack of available organized literature in the synthesis
of reactive BODIPY dyes for protein labeling, we will
review the state of the art synthetic methods for

obtaining reactive BODIPY dyes described in the
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literature and the applicability of such compounds as
protein labels. The subjects are organized by the
reactive chemical functionalities and their specific
target in the field of protein labeling (Table 1).
Through the text academic and commercia syntheses
BODIPYs are shown, reflects the
importance of the subject for both basic and applied
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sciences.
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Figure 1. Chemical structures of dipyrromethane, dipyrromethene and BODIPY s, and the general approaches
for the synthesis of BODIPYs.

Table 1. Overview of the functionalities addressed in this review.

Reactive Functionality Main protein target

Linkage type

Succinimidyl Ester Amine group (Lysines) Amide

I sothiocyanate Amine group (Lysines) Thiourea
lodoacetamide Sulfhydryl group (Cysteine) 2-mercaptoacetate
Maleimide Sulfhydryl group (Cysteine) Mercaptopyrrolidinone
Thiosulfate/Thiosulfonate Sulfhydryl group (Cysteine) Disulfide Bond
Hydrazine/Hydrazide Ketone/Aldehydes (Bioorthogonal coupling) Hydrazone
Hydroxylamine Ketone/Aldehydes (Bioorthogonal coupling) Oxime

Azide Alkynes (Bioorthogonal coupling) 1,2,3-triazole

Alkyne Azides (Bioorthogonal coupling) 1,2,3-triazole
Imidazole Phosphate (Phosphorylated amino acids) Phosphoroimidazolide
Diacrylate Arg-Cys-X-X-Cys-Arg (RC peptide tag) Michael adduct/ Hydrogen

2. SUCCINIMIDYL ESTER BODIPY DYES

Succinimidyl ester is undoubtedly the most
used motif for conjugation of BODIPYs to amine-
containing structures including proteins. Its use in

Bond

protein manipulation began during the early 1960s,
when results from the use of succinimidyl ester in the
elongation of peptide chains were published [7]. For
many years, N-hydroxysuccinimide and its ester
derivatives were applied in the synthesis of severa
peptides acting as a carboxy-activating group. The

Orbital Elec. J. Chem. 5 (1): 62-83, 2013
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reactivity of succinimidyl ester toward amines in the
lateral chains of amino acid residues (specifically
lysines) was also explored for the acylation of
proteins [8], and the high reactivity of succinimidyl
ester toward protein amines boosted its application in
protein labeling. Early application of this
methodology involved the labeling of proteins with
acyl chains containing heavy metals, such as mercury,
for x-ray crystallographic investigations [9],
radioactive isotopes, such as iodine-125 [10], tritium
[11], and Carbon-14 [12], for radioactive-based assays
and fluorescent molecules, such as fluorescein [13].

Classically, succinimidyl ester reacts with
amines forming an amide bond and releasing N-

Succinimidyl
ester

BODIPY

hydroxysuccinimide as a leaving group (Figure 2).
The acylation of sulfhydryl or hydroxy containing
compounds that form thioester bonds and ester,
respectively, does not yield stable compounds due to
their rapid hydrolysis or exchange with amines, which
explains the selectivity of the method. An extensive
list of succinimidyl ester BODIPY applications would
be tedious and beyond the scope of this review, but
we find it interesting to exemplify its uses throughout
the text. In general, the simple stirring of a protein
solution with the ester in DM SO at room temperature
for 30 minutes to 4 hours is enough for the
conjugation to occur. Purification with HPLC or
dialysis against deionized water yields the pure
fluorescent protein.

J;N%o

OH
N-Hydroxysuccinimide (NHS)

Figure 2. Mechanism of amine labeling with succinimidy! ester derivatives.

Several BODIPY compounds containing a
succinimidyl ester reactive group have been
synthesized by academic and industrial research
groups. The first synthesis of a BODIPY-succinimidyl
ester was published in a 1988 patent by Molecular
Probes® [5], which reported the synthesis of three
BODIPY derivatives. The approach involved the
coupling of an ester-substituted pyrrole with a pyrrole
carboxyaldehyde unit yielding a dipyrromethene,
which, after complexation with BF;.OEt,, generated
the BODIPY linked to the ethyl ester. The hydrolysis
of this product with an agueous solution of K,CO3;
released the carboxyl group that was then coupled
with  N-hydroxysuccinimide (NHS) (Figure 3).
Currently, dozens of succinimidyl ester BODIPY
derivatives with various spectral characteristics are
commercially available.

An example of the application of commercially
available succinimidyl ester BODIPY dyes is the

labeling of casein, which is a simple protein that
serves as a substrate to several endoproteases. Due to
the release of the fluorophore, initially linked to the
protein, the fluorescent signal is enhanced after
protein cleavage. Therefore, the conjugated protein
was successfully applied as novel substrates for
protease assays via fluorescence spectroscopy [14,
15]. Surfactant protein B (SP-B), which is a
pulmonary surfactant protein, was another fluorescent
protein conjugated to a commercialy available
succinimidyl ester BODIPY. This protein is important
for preventing the aveoli from collapsing, and its
fluorescent derivative was developed to monitor
distribution of surfactants administered to patients
with respiratory problems related to pulmonary
surfactant production [16].

The synthesis and application of asymmetric
BODIPY derivatives bearing succinimidyl ester using
similar methods have also been reported by various

Orbital Elec. J. Chem. 5 (1): 62-83, 2013
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research groups. Meltola et al. synthesized a small
library of BODIPY compounds with the succinimidyl
ester group, also using carboxylic substituted
BODIPY and NHS/CCD [17]. The compounds
synthesized in this work showed variable emission
characteristics due to extension of the conjugated
system resulting from the substitution of one pyrrole
unit with aryl-, heteroaryl-, and arylethenyl
substituents. To raise the hydrophilicity of these
compounds, they were modified by insertion of a

hydrophilising dipeptide linker followed by addition
of NHS/DCC (Figure 4). The performance of these
molecules for the biolabeling of mouse monoclonal
IgG antibodies was studied under various conditions
and showed good reactivity. Similar synthetic
strategies using NHS and DCC for the coupling of
carboxyl-functionalized BODIPY s have been used for
applications beyond biolabeling. However, we will
not review all of the synthetic routes in detail.

Ry o]

Rs. N o H R;
| NN HBr, 1h, 0°C, 48% SN BF; OEt,
o) + | Vam - = Ro N . OEt ——MMM™
R, RS o NHz* N,
OEt R Br

Ry Rs
Rs Rq 0 Rs Rq 0 Rs Rs
R == / <0Et K2CO5 R SN QOH DCC R i S\ o-N
2 N\_N. N 27N\ _N. N OH 27NN, N&
Ri F F Rs Ry F Rs ’

Figure 3. Synthetic route to aBODIPY derivative functionalized with a succinimidyl ester reactive group, which
was first published in a patent by molecular probeg[5].

Ry
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0] N

A o)
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&N % * N NH N
H H R
0
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N. N
B
FF
B
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HO
o
o HoN 1. DMF, TEA . L0
o] : ' ) N
. 2. DCC, NHS FF HN oﬂ
0~ 'NH 4>:o
‘\‘ HN
SOy
S0y

Figure 4. A: Synthetic approaches for obtaining a small library of BODIPY s functionalized with N-succinimidyl
ester [17]. B: Insertion of a hydrophilising dipeptide linker [17].

The synthesis of symmetric BODIPY using
ester-subgtituted  benzaldehyde [18] or cyclic
anhydride [19] has also been applied to the synthesis
of succinimidyl ester functionalized BODIPY

derivatives (Figure 5). These compounds were
functionalized with an amino reactive moiety using
NHS/DCC or N,N'-disuccinimidyl carbonate (DSC).
No applications of these compounds for protein

Orbital Elec. J. Chem. 5 (1): 62-83, 2013
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labeling have been reported. Because this reactive

moiety is widely used in protein manipulation, its
A
Ri N
Ve
R3
Rs
n=2or3
B
EtO O 1. TFA
2. DDQ

3 BFy Ot EtN.

application in this field may alow for the desired
coupling.

or DSC
2 —_—

1. K,CO3,
2.NHS, DCC

Figure 5. A: Synthesis of a symmetric BODIPY from bicarboxylic anhydrides and functionalization with
succinimidyl ester [19]. B: Synthesis of a symmetric meso-aromatic-substituted BODIPY derivative and
functionalization with succinimidyl ester.

3. ISOTHIOCYANATE BODIPY DYES

The electrophilic character of the centra
carbon in isothiocyanate is usually explored as a
reactive group for biologic nucleophiles. This group is
reactive toward nucleophilic attack of amines,
resulting in the formation of a thiourea linkage

Isothiocyanate

BODIPY

(Figure 6). Compounds bearing this group were
discovered at the beginning of the 20th century, and
their application in biolabeling was first proposed in
1958 as a substituent for isocyanate, which was
commonly used for the conjugation of rhodamine and
fluorescein to antibodies [20].

___________

_— BODIPY ——N N
Thiourea

Figure 6. Mechanism of amine labeling with isothiocyanate derivatives.

For BODIPY derivatives, the first published
BODIPY isothiocyanate synthesis was reported in a
molecular probes patent from 1988 [5]. Although this
company does not commercialize any isothiocyanate,
claiming they have poor stahility, it is commercially
available from other companies. The synthetic route
reported in this 1988 patent uses the succinimidyl

ester derivative, which was previousy discussed, as
the sarting material [5]. The reaction of the
succinimidyl ester BODIPY with ethylenediamine
yielded an amino-amido-BODIPY, which was
converted to the isothiocyanate using thiophosgene
[5] (Figure 7).
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Figure 7. BODIPY dye functionalized with an isothiocyanate, which was first published in a patent by molecular
probes[5].

A similar approach was applied by Meltola et
a. in an article published in 2004 [21]. A BODIPY
containing two propionic acids appended to its core
was synthesized from a tetra-substituted pyrrole.
Initially, HBr and formic acid were used to obtain the
dipyrrin that was complexed with BF3.OEt,. The free
carboxylic function was coupled to N-hydroxy
succinimide using only DCC as the catalyst. Then, the
active carboxylic function was coupled with 4-(2-
aminoethyl)-aniline to yield a BODIPY dye with a

1. HBr-H,O/HCOOH

o) NH O 5 TEABF,.OEL,

MeO 2 OEt

1. HyNCgH4CaH4NHy
OH 5 cscl, NaHCO;

free amine group, which was converted to
isothiocyanate with thiophosgene in a basic medium
(Figure 8). A 10-fold excess of the synthesized
fluorophore was incubated for 2 hours with an 1gG
antibody in basic pH followed by size-exclusion
chromatography to obtain the pure product.
Particularly, in this study, more efficient conjugation
to the antibody was observed for the succinimidyl
ester BODIPY dye compared to that observed with
the isothiocyanate derivative.

NHS, DCC

FF

FF

Figure 8. Another approach for the synthesis of isothiocyanate BODIPY dye from a succinimidyl ester BODIPY
dye[21].

Another approach for the synthesis of
isothiocyanate derivatives involves the production of
nitro substituted BODIPY followed by the reduction
of the nitro compound to the respective amine, which
can be modified to generate the isothiocyanate. This
methodology is often used in the literature, and the
conversion of symmetric anilino-BODIPYs to the
respective isothiocyanate is widely reported. The
proposed syntheses in these studies can be grouped
into three paths, which will be referred to paths A, B
and C (Figure 9). Paths B and C starts with the
coupling of nitrobenzaldehyde with pyrrole, resulting
in a dipyrromethane. In approach C, the nitro group in
the dipyrromethane is reduced to an amine that is then
protected with Fmoc [22]. Next, the dipyrromethane

is oxidized to the respective dipyrromethene, followed
by boron complexation and amine deprotection. In
approach B, the dipyrromethane is readily oxidized to
the dipyrromethene and complexed with boron
fluoride to generate the nitro-BODIPY [23]. Then,
this compound is reduced to the respective amine. In
approach A, the dipyrromethene is directly
synthesized using nitrobenzoyl chloride as the
carbonyl compound in the reaction with pyrrole [24].
Similar to the previous discussion, after the reaction
with BF;.OFEt,, a nitro BODIPY is obtained and then
reduced to the respective amine. Instead of using
thiophosgene, which involves several safety issues,
1,1'-thiocarbonyldi-2(1H)-pyridone (TDP) is used in
the preparation of isothiocyanate BODIPYs.

Orbital Elec. J. Chem. 5 (1): 62-83, 2013
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3. BF;.0OEt,, TEA

1.TFA Oy H
2.Chloroanil H

R1 N
3.BF;. OEL,/TEA
| Y/
R7

: -
Rs

CSCl, TEA
or
TDP

Figure 9. Synthesis of symmetric isothiocyanate BODIPY dyes from nitro-aromatic aldehydes.

4. 10DOACETAMIDE BODIPY DYES

lodoacetamides are member of the
hal oacetamide group, and is recognized for decadesto
be very reactive toward sulfhydryl groups [25].
Regarding protein reactivity, this chemical motif can
react with several amino acid side chains, resulting in
alkylated amino acids with a terminal primary amide.
The direct linkage to an amide and a halogen makes
the apha carbon very electrophilic and very
susceptible to attack by the nucleophiles present in
protein functionalities. In particular, this moiety is
reactive toward the sulfhydryl groups of cysteines,

lodoacetamide

I N
N l ! !
d I %Sy

BODIPY ! \g/b: |l|
“““““ ' Thiol

however, it can react with other nucleophilesin amino
acids, in the following order of decreasing reactivity:
imidazolyl of histidines, thioether of methionines and
amines from lysines (Figure 10). Among the
hal oacetamides, iodoacetamides are the more reactive

compounds, followed by  bromoacetamides,
chloroacetamides and fluoroacetamides (almost
unreactive). This reactivity accounts for the

widespread use of iodoacetamides for bioconjugations
[26]. In practice, the specificity for sulfhydryl
alkylation can be enhanced by using a limiting
amount of haloacetamide and a dightly alkaline pH.

BobDIPY ——N
__H

2-mercaptoacetate

Figure 10. Mechanism of sulfhydryl labeling with iodoacetamide derivatives.
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In the patent filed by molecular probes in
1988, the synthesis of a BODIPY dye functionalized
with iodoacetamide was reported[5]. Similar to the
isothiocyanate BODIPY that was discussed earlier,
the synthetic approach for generating the thio-reactive
fluorochrome involves the use of a BODIPY
functionalized with a succinimidyl ester precursor.
The coupling of the free amine from cadaverine
monotrifluoroacetamide with an activated carboxylic
group vyielded a BODIPY contaning a
trifluoroacetamide function at the end of the five-

H

carbon chain, which was linked to the BODIPY core
via an amide linkage. The hydrolysis yielded the
deprotected amine. Findly, the iodoacetamide
function was added to the compound with para-
nitrophenyl iodoacetate, which is a suitable

iodoacetamide donor due to the electron-withdrawing
effect of the para-nitro group. In this reaction, the
amine attacks the carbonyl, resulting in the formation
of BODIPY iodoacetamide and a para-nitrophenol as
abyproduct (Figure 11).

Figure 11. Synthesis of the first BODIPY dye functionalized with iodoacetamide, which was patented by
molecular probeg[5].

Molecular probes currently produces two
iodoacetamide-BODIPY derivatives (i.e., BODIPY
507/545 1A and BODIPY FL C1-lA). Some studies
applied BODIPY iodoacetamide compounds produced
by this company that are now discontinued (i.e.,
BODIPY® 530/550 IA, BODIPY® FL IA and
BODIPY® TMR CADAVERINE IA). To study the
effect of fluorophores on protein dynamics, bovine
serum abumin (BSA) was modified at Cys34 using a
commercially available iodoacetamide BODIPY by
simply stirring equimolar quantities of BODIPY and
BSA in DMSO for 8 hours at 4°C [27]. Using similar
conditions, plasminogen activator inhibitor I, which is
a protein that modulates fibrinolytic activity in human
blood, was also labeled with a commercial BODIPY

carrying an iodoacetamide to study the important
interaction sites responsible for inhibition in the
protein [28].

Another iodoacetamide-BODIPY has aso been
described in the literature. Using a different
methodology from the described above, the
compound was synthesized to couple the fluorophore
to sulfhydryl groups, in the side-chain of two cysteine
residues in a heptapeptide designed to target
peroxisomes. The synthetic procedure is not fully
described in the manuscript, but the approach
involved the use of 2-iodoacetamide and a BODIPY
dye with a carboxyl group activated by a succinimidyl
ester to obtain the thioreactive BODIPY with an N-
iodoacetylacetamide group [29] (Figure 12).

Figure 12. Use of 2-iodoacetamide for the functionalization of a succinimidyl ester-containing BODIPY to
obtain an iodoacetylacetamide functionality [29].
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It is interesting to note that, in addition to the
synthesis of BODIPY derivatives containing the
iodoacetamide functionality for sulfhydryl coupling,
the synthesis of a chloroacetamide BODIPY has been
reported. In general, this functionality is under-
explored in bioconjugation reactions, moreover in this
case it was applied in the study of polyamine transport
[30]. The synthetic procedure involved the use of an
aniline-subgtituted BODIPY obtained from the
catalytic hydrogenation of a para-nitrophenyl

NO,
1. TFA

i
2.DDQ

\ NH + —_—
3. BF5.0Et,

g  4.HyPd/iC

FF

BODIPY, which is similar to the above described
methodology for preparation of isothiocyanate
BODIPY. 3-Ethyl-2,4-dimethylpyrrole  and 4-
nitrobenzaldehyde were coupled with catalytic
quantities of TFA followed by aromatization with
DDQ to yield the respective dipyrrin, which was used
to obtain the respective BODIPY after complexation
with BF;.0OEt,. The aniline-substituted BODIPY was
coupled with chloroacetyl chloride to yield a reactive
chloroacetamide BODIPY (Figure 13).

FF

Figure 13. Synthesis of aBODIPY dye functionalized with chloroacetamide from aniline-substituted BODIPY
and chloroacetyl chloride [30].

5.MALEIMIDE BODIPY DYES

Maleimide is a 2,5-pyrroledione known since
mid-twentieth century to react rapidly and specifically
with sulfhydryls [31]. At a pH near 7, maleimide
tends to form Michael adducts specifically with

Maleimide

sulfhydryl groups in spite of amine or hydroxyls,
which would only happen in higher values of pH
(Figure 14). Therefore, maleimide derivatives have
been extensively applied for the manipulation and

analysis of proteins with cysteine [32].
" O H g |
j/ H
. 0 :
BODIPY

3-mercaptopyrrolidine-2,5-dione

Figure 14. Mechanism of sulfhydryl labeling with maleimide derivatives.

In another molecular probes patent filed in
1993, the synthesis of a BODIPY dye functionalized
with maleimide was reported [33]. Again, the
synthetic route reported in the patent started with a
succinimidyl ester-BODIPY. This amino-reactive

BODIPY was employed in a reaction with
ethylenediamine resulting in a BODIPY with a free
amine group, which reacted with N-succinimidyl
malei midoacetate, a crosslinking reagent that inserts a
maleimide group into the molecule via an amide
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linkage (Figure 15).

Figure 15. Synthesis of the first BODIPY dye functionalized with maleimide, which was patented by molecular
probes [33].

Commercialy available BODIPYs with the
maleimide group have been employed in the
conjugation of proteins (e.g., glyceraldehyde-3-
phosphate dehydrogenase (GAPDH)). Equimolar
quantities of the maleimido-BODIPY and GAPDH
were incubated for 4 hours in an ice bath with a
phosphate buffer solution followed by dialysis against
the same buffer. The conjugation was developed to
standardize a novel fluorimetric assay to quantify
reactive thiols in biological samples [34].
Fluorescence quantification of the fluorophore
followed by protein quantification provided a rough
estimative of the thiol groupsin the sample.

A Japanese group in 2007 reported the
synthesis of another maleimide BODIPY dye. Again,
BODIPY s containing an aniline group were employed
in the synthesis of a thio-reactive fluorophore. Three
isomeric compounds were synthesized by this
approach. 2,4-Dimethyl pyrrole was coupled with
nitro-benzaldehyde in the presence of TFA, followed
by aromatization with DDQ, classic complexation
with BF;.OEt, and catalytic hydrogenation. To obtain
the desired compound, the amino-BODIPY reacted
with maleic anhydride to form a maleic acid appended
to the BODIPY core by an amide linkage. The
maleimide motif is achieved after dehydrative
cyclization catalyzed by acetic anhydride and sodium
acetate [35] (Figure 16).

Starting from different nitro-benzaldehydes,

three isomers differing only in the position of the
maleimide in the ring were obtained in the above
described methodology. The ortho compound was
found to have low fluorescence, which is most likely
due to a photoinduced €electron transfer phenomenon
[35]. Interestingly, the reaction with free thiol
prevented the electron transfer due to the extinction of
the double bound resulting in the restoration of the
BODIPY fluorescence. The authors propose that this
probe would most likely exhibit a high signal-to-noise
ratio due to these characteristics. The conjugation
with BSA was realized in phosphate buffer at 37°C,
and the obtained product exhibited high fluorescence
intensity and low rates of non-specific fluorescence
[35].

The synthesis of a BODIPY dye bearing a
maleimide group using a hydrazide-BODIPY as the
starting material was also reported. This approach
resulted in a BODIPY with an acyl hydrazone bridge
between the fluorescent core and the maleimide group
[36]. This synthesis was part of an interesting strategy
to study the lability of the acyl hydrazone linker to the
pH of endosomes containing folate-receptors (FR). A
commercialy available hydrazido-BODIPY was
employed in areaction with 4-maleimidophenylacetic
acid resulting in the desired BODIPY. This BODIPY
was linked to the sulfhydryl group of a cysteine that
was already linked to a dark quencher and folic acid.
If the acyl hydrazone linker was labile to the pH
inside this endosomes, this probe was designed to
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fluoresce only inside of FR-containing endosomes
(Figure 17).
|
NO,
\/ 1.TFA AcONa
Q 2.DDQ ACzo

—_—
3.DIEA, BF3.0Et,
4. Hy - Pd/C

Figure 16. Synthesis of three isomeric BODIPY dyes containing the maleimide moiety using a meso-aniline-
substituted precursor [35].

Figure 17. Synthetic procedure for obtaining a maleimide BODIPY dye from a commercially available
hydrazide BODIPY [36].

6. THIOSULFATE AND THIOSULFONATE
BODIPY DYES

Thiosulfate and thiosulfonate are derived from
thiosulfuric and thiosulfonic acids, respectively, by
alkylation at a sulfur atom. They differ from sulfonate
and sulfate functions due to the exchange of an
oxygen atom for a sulfur atom. The linkage between
the two sulfur atoms is quite labile and tends to
exchange with free thiols to generate a disulfide bond
leaving sulfite or sulfinate. An interesting feature of
these reactive groups is the reversibility of the
disulfide bond they generate, which is different from

the highly stable thioether bond. Common reducing
reagents, such as dithiothreitol (DTT) and tris(2-
carboxyethyl)phosphine (TCEP), can be used to break
the disulfide bond (Figure 18).

Applications of thiosulfates and thiosulfonates
date back to the 1970s with  methyl
methanethiosulfonate (MTS), which is a reagent
known for its capacity to modify cysteine by inserting
amethyl group at the sulfur atom [37]. These moieties
were widely used to conjugate compounds as site-
directed spin-labels [38], markers for electron
microscopy [39] and fluorescent probes[40].
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Thiosulfate: R = O~
Methanethiosulfonate: R = Me

Disulfide Bond

Sulfite: R=0"
Methyl Sulfinate: R = Me

Figure 18. Mechanism of sulfhydryl labeling with thiosulfate and methanethiosul finate derivatives.

Recently, a patent by molecular probes [41]
exclusively addressed compounds containing the
thiosulfate moiety and reported the preparation of
BODIPY dyes bearing this funcionality. The applied
approach involved the use of a reactive compound
(i.e, 1,2,4,5-tetrafluorophenoxycarbonyl methyl
thiosulfate), whose synthesis was also reported in the
patent. From the reaction between sodium thiosulfate
and aphabromoacetic acid, a carboxylic acid
containing the thiosulfate functionality was obtained.
This compound was coupled via an ester bond to
1,2,4,5 tetrafluorophenyl in a base-catalyzed reaction
using tetrafluorophenyl trifluoroacetate as the initial
reagent (Figure 19). The reactive compound obtained
was employed in a reaction to transfer its
thiosulfateacetyl group to an aminated BODIPY,
which was described earlier in thisreview.

F
F

Spel

Thiosulfate BODIPY dyes were commercially
available from molecular probes but have been
discontinued. A commercia thiosulfate BODIPY dye
[42] has been used for labeling a cysteine residue at
the C-terminal end of the peptide pHLIP
Unfortunately, the conjugation methodology was not
presented in detail, but the rationale behind the choice
of conjugation method can be elucidated. pHLIP is
known to exhibit pH-controlled insertion in cell
membranes, and the authors were interested in
assaying for peptide insertion. If the peptide is
inserted through the membrane, the labeled cysteine
would be in the cytoplasm. Once the disulfide bond
was cleaved by the cytoplasm environment, the
retention of the fluorophore would provide insight

F
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Figure 19. Synthetic procedure for obtaining a thiosulfate BODIPY dye, which was presented in the molecular
probes patent filed in 2005 [41].
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Several companies commercially produce
BODIPY dyes functionalized with MTS, and their
applications in protein labeling can be found in the
literature. One of these compounds was employed to
study the structural properties of the N-terminal
domain in photosynthetic complex CP29 using
Forster resonance electron transfer (FRET) [43]. Each
amino acid in this domain was separately substituted
with a cysteine residue, resulting in several singly
mutated proteins that were subsequently labeled with
the BODIPY dye a the cysteine residue. The
application of the FRET studies allowed the authors to
determine how each amino acid position interact with
the other protein motifs, resulting in the elucidation of
the structural properties of the protein.

Two procedures for the synthesis of MTS
BODIPY s have been published. One synthetic method

conjugated the pyrrolic unit with chloroacetyl
A
N 1.CH,CI
(0]
NaSSOZCHg

S
~&

O//S ~0fBNH, NH,

chloride generating a chlorinated dipyrrin that was
converted to the respective BODIPY using TEA and
BF3.OEt, [44]. The chlorine was displaced by iodine
in a reaction with sodium iodide followed by
formation of a thiosulfonate moiety via reaction with
sodium thiosulfonate (Figure 20). Although the
authors propose the use of the obtained BODIPY for
biolabeling, it is not tested.

The other synthetic approach involved the use
of a commercialy available BODIPY bearing a
succinimidyl ester reactive group [45]. The reaction of
the commerciad BODIPY and 3-aminopropyl
methanethiosulfonate hydrobromide catayzed by
diisopropylethylamine (DIPEA) yielded a BODIPY
derivative with a free MTS group (Figure 20). The
conjugation of the BODIPY with the muscle nicotinic
acetylcholine receptor was not successful, despite the
success achieved with other M TS fluorophores [44].

Figure 20. Two synthetic procedures for the preparation of MTS-BODIPY.

7. BODIPYS
LABELING

FOR BIOORTHOGONAL

In addition to classic protein bioconjugation
targeting functionalities present in the side chains
of natural amino acids, bioorthogonal labeling arose
as a valuable approach for protein modification. In
this approach, specific chemical modifications are
realized in the protein alowing its specifc protein
labeling by targeting non-natural functional groups
[48].

The nucleophilic attack by a nitrogen
nucleophile, such as hydrazine, hydrazide and
hydroxylamine, in carbonyl-containing
functionalities, such as an aldehyde or ketone, has
been an extensively explored orthogonal approach
for protein labeling. These functionalities can be
introduced into proteins via chemical or genetic
strategies, such as the insertion of the unnatural
amino acid para-acetyl-phenylalanine, post-
trandational enzymatic modification of glycine to
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formylglycine and chemical insertion of aminooxy
at the C-terminus [46, 47]. After reaction with the

form a hydrazone linkage while hydroxylamine
forms an oxime linkage (Figure 21).

carbonyl compounds, hydrazine and hydrazide
XN, R =
BobIPY | —— A N=
_________ : R BODIPY —X R
Ketone or
NH Hydrazine Aldehyde NH Hydrazone
Xx= <0 Hydroxylamine “ 10 oxime

CONH  Hydrazide

Figure 21. Mechanism of ketone and aldehyde |abeling using hydrazine, hydrazide or aminooxy compounds.

The 1988 molecular probes patent [5] reported
the synthesis of BODIPY dyes tagged with hydrazide
and sulfonyl hydrazide moieties. The hydrazide
derivative was obtained from a BODIPY precursor
containing an ethyl ester, which was obtained from
the reaction of a 2-pyrrole carbaldehyde and another
pyrrolic unit with an ethyl ester functionality. These
units were condensed in a reaction catalyzed by
hydrobromic acid to yield the respective dipyrrin,
which was then complexed with the difluoroboryl

O
EtO

H 1. HBr
| 2. BF3.0Et,
= + Y, \o _—
\-NH

unit. The ester is converted to a hydrazide via reaction
with hydrazine hydrate (Figure 22).

The synthetic procedure to obtain the sulfonyl
hydrazide employed a sodium sulfonate BODIPY,
which we speculate was generated from the reaction
of BODIPY and chlorosulfuric acid. The sulfonate
BODIPY is converted to a sulfonyl chloride derivative
through the reaction with thionyl chloride followed by
conversion to sulfonyl hydrazide using hydrazine
hydrate as the reagent (Figure 22).

SO,NHNH,

Figure 22. Synthetic methods for obtaining hydrazide and sulfonyl hydrazide BODIPY derivatives described in
the molecular probes patent [5].

Two additiona papers describe synthetic
procedures for generating hydrazine and hydrazide
BODIPYs. One procedure involved the use of
dichloro-BODIPY, which was obtained from the

chlorination  of  dipyrromethane  with  N-
chlorosuccinimide (NCS) followed by aromatization
and complexation to obtain the respective BODIPY
[48]. By manipulation of the stoichiometric
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relationship between this compound and hydrazine, it
was possible to obtain either the monohydrazine or
the dihydrazine BODIPYs. The displacement of the
remaining chloride atom with various electrophiles
generated a small library of monohydrazine
BODIPYs (Figure 23). The application of the
compounds in bioorthogonal labeling was proposed,
and their reactivity against ssimple adehydes was
successfully shown. However, no assays with proteins
are reported.

The hydrazide-BODIPY was synthesized for
application as a marker for quantification of serum
aldehyde via chromatographic methods. The
procedure employed a meso-substituted BODIPY
with a carboxylic moiety synthesized using a cyclic
anhydride precursor [49]. The carboxyl group was
activated with a succinimidyl ester functionality in a
reaction with NHS catalyzed by DCC and
subsequently reacted with hydrazine to yield the
hydrazide functionality (Figure 23).

A
H
N 1. PhCHO/TFA 1. p-chloranil
2NCS 2. BF4.OEt,/Et;N
E/) \ NH N\ A S A
\ NH N\

BF3.OEt,/EtsN

0.._.0.__0
+ U

H
N
p

Figure 23. A: Method for synthesizing the hydrazine-BODIPY B: Method for synthesizing the hydrazide-
BODIPY reported in the literature.

In 2011, a synthetic procedure described the
preparation of a BODIPY bearing an aminooxy
reactive group. The aim of the study was to synthesize
a fluorescent probe to mark a quorum sensing
chemical (i.e., 3-oxododecanoyl homoserine lactone)
bound to a proteic transcriptional modulator present in
some bacteria, which would alow for the
bioorthogonal labeling of this protein [50]. The initial
steps of the synthetic procedure were addressed
earlier in this review and involved the synthesis of a
BODIPY with an aniline moiety. In this particular
case, the fluorophore precursor was obtained by the
reduction of the nitro-containing BODIPY using

1. NHS DCC
2. NH,NH,

IB\
FF

Y
FF

sodium borohydride and nickel chloride. Phthalimido-
aminooxyacetic acid (obtained from the sodium
hydride-catalyzed reaction of N-hydroxyphthalimide
and bromoacetic acid) was linked to the BODIPY by
an amide linkage catdyzed by DCC. The
phthalimido-protected BODIPY was converted to the
hydroxylamine derivative using hydrazine with
phthalimide as the leaving group (Figure 24). The
hydroxylamine BODIPY was successfully attached to
the keto group present in the transcriptional activator.
When catalyzed by aniline, better results were
obtained from the in vitro coupling at pH 4 compared
to that at neutral pH.
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2.DDQ
3. BF3.0Et,
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NaBH,/NiCl,

Figure 24. Successful synthetic approach for generation of hydroxylamine-BODIPY.

The cycloaddition of azides and akynes is
another important strategy for orthogonal protein
labeling. This reaction occurs via a concerted
mechanism, which has been known for a long time.
However, only recently the copper-catalyzed azide-
alkyne cycloaddition reaction (CUAAC), known as
Huisgen cycloaddition, was applied to the field of
biomolecule labeling. More recently, the use of

_________

1

1 N\ +
/:VGN\\ -
1
BODIPY or N
Protein |

Azide

cyclooctynes is being employed as the reagent to
avoid the use of a metal catalyst [46]. The coupling of
substances using this method resultsin a 1,2,3-triazole
linkage, which is the most popular reaction in “click
chemistry” (Figure 25). Currently, several azide and
alkyne tags are available for protein modification for
their labeling with click chemistry-based conjugation.

BODIPY or
Protein

1,2,3-triazole

Figure 25. Mechanism of coupling between an alkyne and an azide yielding the 1,2,3-triazole as the connecting
linker.

Since its development, the click azide-alkyne
reaction has been widely employed for conjugations
in several areas of chemistry, we were not surprised to
find several methods to obtain alkyne-BODIPY and
azide-BODIPYs in the literature. Interestingly, to the
best of our knowledge, none of the synthesized azido-
BODIPYs were employed in the orthogona labeling
of proteins. However, due to their potentia
application in this field, we will review the synthetic
approaches for preparing these molecules. The 1988
Molecular Probes patent reports an azide-BODIPY
synthesized from the addition of sodium nitrite and

hydrochloric acid to form hydrazide-BODIPY, whose
synthesis was shown above (Figure 26).

An approach employed in other studies
involved the use of bromohexyl benzaldehyde in a
reaction with a pyrrolic derivative. After
aromatization and complexation, the respective meso-
substituted BODIPY was obtained, yielding an azido-
BODIPY after reaction with sodium azide [51, 52]
(Figure 26). A similar approach involves the
conversion of the halogen in a haloalkyl benzal dehyde
to the azido functionality, followed by the direct
application of the azido-appended benzaldehyde in
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the synthesis of a meso-substituted BODIPY (Figure
26). This method was successfully employed for the
synthesis of azido-BODIPY dyes [53, 54]. The use of
alkyne-substituted benzaldehyde is the most widely

HN_NH2 HCI/NaN02
F F 0
B
Br
(e
H 1. TFA
N 2.DDQor TCQ
D 3. BF3.0Et,/Et;N
O~ 'H
Cc
R N
L/
R
2 R3

employed method for the synthesis of BODIPY's with
this moiety [55- 57].

NaN3
—_—

X = azide or alkyne

Figure 26. A: Synthesis of the azido-BODIPY shown in a patent by molecular probes[5]. B: Application of
bromohexy! benzal dehyde to obtain an azido-BODIPY. C: Direct synthesis of azido-BODIPY and alkynyl-
BODIPY using the respective functionalized benzal dehydes.

Brominating and chlorinating agents have also
been successfully employed in the synthesis of azido-
BODIPYs (Figure 27). It was recently shown that the
reaction of methylated BODIPYs with NBS vyields
brominated BODIPY s with the halogen at the methyl
group linked to one or both C, depending on the
stoichiometric relationship between the reagents.
These compounds were used to obtain azido-BODIPY
derivatives from their reaction with sodium azide and
alkyne-BODIPY's by reaction with propargyl alcohol
[58]. The chlorinating agent NCS has been shown to
generate chlorinated dipyrromethanes directly at C,.
After aromatization and complexation with
difluoroboryl, the chlorinated BODIPYs react with
sodium azide to yield the respective azido-BODIPY
[59] (Figure 27).

Azido akylamines can be obtained from the
reaction of bromo akylamine hydroboride with
sodium azide or from a similar reaction with N-

phthalimido bromo akylamine followed by amine
deprotection with hydrazine (Figure 28). The coupling
of these amines via an amide linkage with
commercialy available succinimidyl ester-BODIPY's
has been applied to synthesize azido BODIPY's [60,
61]. A similar approach involves the use of an
azidocarboxylic acid to couple, via an ester linkage,
with a BODIPY containing a hydroxyl group, which
was obtained from the deacetylation of a commercialy
available material (Figure 28).

Another useful strategy is the Knoevenagel
condensation, which is a very powerful reaction for
modifying BODIPYs, and is the most widely used
method for tuning their photophysical properties. In
this reaction, aromatic aldehydes are used to add alyl
aromatic substituents to the methyl positions at C2 of
the BODIPYs. This method alows researchers not
only to modify photophysical properties but also to
insert functionalities. This method had been employed
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for the addition of both azido [52, 62, 63] and akyne
functionalities to the BODIPY core in reactions
catalyzed by acetic acid and piperidine (Figure 29).

OMe OMe

y OMe
N 1.TFA 1. p-chloranil
E/) + 2.NCs \, 2. BF3OEGL/ELN
\ NH Nx
o

Figure27. A: Broml nation of the methyl groups on the BODIPY core using NBS followed by synthesis of
alkynyl-BODIPY s and azido-BODIPYs. B: Direct chlorination of meso-substituted dipyrromethanes using NCS
followed by azido-BODIPY synthesis from application of sodium azide.

FF C FF N;

o)
A N (0]
NaN; \ N
BV/NnANHﬁBr— \_N. /N+MO/N
S FBiF N m i
H,N n N \H)k
2 s DIPEA NN N NN
FE H

LiOH N3(CH,)sCOOH

DCC/DMAP

Figure 28. A: Application of azido alkylamines in the synthesis of azido-BODIPYs. B: Ester coupling of an
azidocarboxylic acid to a deacetylated commercial BODIPY.

Orbital Elec. J. Chem. 5 (1): 62-83, 2013



Rezende & Emery

Review

O:N3
"
H

Piperidine/AcOH

R, R R, -
SN
RIQ\LN N’\\ Rs
\IB\" 1.Piperidine/AcOH
F F Re

(@)
O
H

2, HO/\\\

\]

X =(CHy N3

X=0CH,CCH

J

Figure 29. Application of the Knoevenagel condensation to the synthesis of alkynyl-BODIPY and azido-
BODIPY.

8. OTHER BODIPY DYES

The syntheses of aternative BODIPY dyes
deserves to be mentioned in this review. In 1993, a
BODIPY with an imidazole heterocycle was
synthesized by a group at Northeastern University,
and it was named BO-IMI. In an EDC-catalyzed
reaction with a phosphate group, this compound

would yield a stable phosphorimidazolide linkage,
while the same reaction with a carboxyl group would
afford an easily hydrolyzed acylimidazole linkage
(Figure 30). Therefore, BO-IMI could be used as a
phosphate-reactive probe [64].

A
|/ NH: E o DCC
BODIPY 4—( L+ _p_
AT 0-p-0
R l L0
Imidazole Phosphate
B
NHE ..... ' ____ . DCC
BODIPY — /; . ! C ! .
CNT 0”7 Yo
Imidazole Carboxyl
(0]
EDC S N\ (@]
OH — \ N\B"Nk o} HN»\
~NH FF NH
N=/ HN
o # N
BO-IMI N B
H

Figure 30. A: Coupling between a phosphate group and imidazole yielding a stable phosphorimidazol e linkage.
B: Coupling between a carboxyl group and imidazole yielding an unstable acylimidazole linkage. C: Synthesis
of BO-IMI.
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BO-IMI was synthesized from the EDC-
catalyzed coupling of a commercialy available
hydrazide-BODIPY and N-acetyl-L-histidine [64]
(Figure 30). This probe was successfully employed
for the labeling of pepsin, which is a protein
containing a phosphate moiety linked to its structure.
BO-IMI was incubated for 14 hours with EDC and
pepsin in an MES/NaOH buffer at pH 5.5. The same
coupling procedure using a pepsin sample that was
pre-treated with a phosphatase resulted in a severe
loss of fluorescence, which suggested selective
linking to the phosphate moiety [65].

Diacrylate BODIPY is another interesting
probe synthesized to label proteins [66]. A BODIPY
with two acrylates conjugated to the fluorescent core
was synthesized for use as a marker for proteins
linked to an "RC" peptide tag (Arg-Cys-X-X-Cys
Arg). Theideais that the double bonds in the acrylate
moieties would covalently bind to the sulfhydryl
group of the cysteines and that the carboxyl groups
would form an ionic interaction with the guanidinum
moiety of arginine. Once the probe links to the

A

protein, the conjugation extension is reduced,
resulting in a decrease in the emission wavelength,
which enables the differentiation between the
emission of the free BODIPY and the protein-linked
BODIPY.

The probe was synthesized from a meso-
substituted dipyrromethane obtained by a TFA-
catalyzed reaction of benzaldehyde derivatives and
pyrrole. A carbonyl group is added to C2 and C10 at
the dipyrromethane via a Vilsmeier reaction.
Application of the Wittig reaction of the
dipyrromethene followed by aromatization with DDQ
and complexation with a difluoroboryl unit affords the
diacrylate-BODIPY (Figure 31). The capacity to stain
tagged proteins was studied in protein samples using
SDS-PAGE, and the synthesized BODIPYs were
shown to specifically label RC-tagged proteins.
Fluorescence microscopy experiments in transfected
live cells expressing tagged H2B histone resulted in
clear nuclear staining, which illustrated the specificity
of the dye to tagged proteins.

@) O
| o HZNYNHZ 0 +H2N NH2
B HN |
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BODIPY S ~>——Protei —_— BoDIPY | — Proteil
> HNT S ~
| Y | HN
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o] o
B
Ry
Ry
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[ I ——
E/) . \NH HN-/
S0
R R
X
1.0DQ PhsP R
2. DIEA/BF3.0Et, ’ ORe
- "
0 0 ° ©

OR, R,O

OR,
Figure 31. A: Interaction between the diacrylate moiety and the RC-tagged proteins B: Synthesis of diacrylate
BODIPYs.
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9. CONCLUDING REMARKS

BODIPYs are highly valuable compounds in
the field of biomolecule labeling due to their chemical
stability and photophysical properties. As a
consequence of their relatively easy synthesis and
chemical modification, this class of compounds was
the subject of a wide range of studies both in the area
of biological labeling and chemical synthesis. Herein,
we reviewed studies focusing on both subjects. By
studying the available synthetic methods for the
preparation of BODIPY s for protein labeling, we have
provided a review of the state of the art in this area.
We found many underexplored synthetic methods that
can be employed to produce reactive BODIPY's for
protein labeling. It is also important to note that the
field of bioorthogonal labeling of biomolecules is on
the rise and few BODIPYs possessing chemical
motifs applicable in this area have been explored.
Finally, due to the increasing number of fluorescent-
based techniques, interest in novel high-yielding
synthetic procedures for the synthesis of BODIPY
dyes with variable chemical groups and photophysical
properties will continue to grow.
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