CHARACTERISATION OF SOME NEWLY SYNTHESIZED AMIDES BY SPECTROPHOTOMETRIC AND CHROMATOGRAPHIC RETENTION DATA
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Сажетак: Новосинтетисани амиди представљају потенцијална биолошки активна једињења, из тог разлога њихова физичко-хемијска карактеризација има велики значаја. У овом раду је испитана серија новосинтетисаних деривата N-(4супституисаних фенил)-цијаноацетамида, применом спектрофотометријске и хроматографске методе. Испитани су UV спектри у различитим органским растварачима. Праћен је утицај хемијске структуре и особина органског растварача на апсорпционе спектре. Праћено је хроматографско понашање у хроматографији на обрнутим фазама. Одређене су ретeнционе константе, које представљају меру липофилности испитиваних једињења. Успостављене су корелације између резултата спектрофотометријских мерења и ретeнционих константи, као и хемијске структуре. Корелације одређиваних параметара са предикторима биолошке активности указују да се ради о биолошки активним супстанцама.

Summary: Newly synthesized amides are potential biologically active compounds and their physico-chemical characterization is very important. In this work we investigated a series of newly synthesized derivatives N-(4-substituted phenyl)-cyanoacetamides, using spectrophotometric and chromatographic methods. It was examined the UV spectra in various organic solvents and observed the effect of chemical structure and properties of organic solvents on the absorption spectra. Chromatographic behavior was monitored in reversed phase chromatography and determined the retention constants, which is a measure of lipophilicity of the compounds. It was established the correlation between results spectrophotometric mesure and retention constants, and chemical structure, also. Correlation these parameters with predictors of biological activity indicates that tested substances show biologically activity.
Keywords: derivatives N-(4-substituted phenyl)-cyanоacetamides, spectrophotometric, RP TLC, correlation analysis
Introduction
Phenylacetamide derivatives are a group of organic compounds which have a wide range of activity. They are  particularly important for pharmaceutical, agriculture and toxicological application. Several phenylacetamides has showed displayed potent anticonvulsant, anti-leishmanial, anti-microbial and anti-fungal activity. Many cyano derivatives of acetamides also manifest significant biological and pharmacological activity as anti-inflationary [1], anti-viral [2], anti-bacterial [3] anti-tumors activity [4]. Because of widely biological activities of phenylacetamide and cyano-acetamide derivatives, synthesized N-(substituted phenyl) cyano-acetamide becomes interesting for different purpose. 

The aim of this work was to characterize newly synthesized amide derivatives by spectrophotometric and chromatographic retention data.
EXPERIMENTAL 
The structures of the investigated amides are presented in Table 1.
Solutions for chromatographic investigations were prepared by dissolving 2 mg dm–3 of compounds in ethanol.  On the plates spotted 2·10-7 dm3  of freshly prepared solutions. In TLC measurement there were used RP TLC C18/UV254 plates (Macherey-Nagel).
Table 1. Structures of the investigated cyano-acetamide derivatives
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The plates were developed in unsaturated chambers by ascending technique with aqueous solutions of protic solvents: methanol (( = 0.34-0.56, v/v), ethanol (( = 0.32-0.50, v/v) and 1-propanol (( = 0.32-0.50, v/v) and aprotic solvents:  dioxane (( = 0.32-0.50, v/v), tetrahydrofuran (( = 0.40-0.56, v/v) and acetonitrile (( = 0.32-0.50, v/v). The measurements temperature was equal to 250C. After development the dried plates were examined in UV light at ( = 254 nm as dark spots. At least three chromatograms were developed for each solute-solvent combination and Rf values averaged. RM values were calculated from RM = log (1/Rf -1). All calculations were carried out using the computer program Origin, version 6.1.

The stock solutions of investigated compounds were prepared in absolute ethanol (c = 4∙10-5mol
∙dm-3). Solutions for spectrophotometric investigations were prepared by dissolving stock solution with corresponding solvents. All used chemicals were of analytical grade purity. Electronic absorption spectra (UV/VIS) were recorded on a Shimadzu UV-1800 spectrophotometer in 1.00 cm cells at 25(0.1oC.
RESULTS AND DISCUSSION 
The results of the chromatographic studies
The chromatographic behavior of N-(4-substituted) -cyanoacetamides was investigated by changing the amount of organic solvent in mobile phase. Determined RM values by TLC is usually in linearly relationship on the organic modifier volume fraction (φ) in the mobile phase:

       





RM= RM0 + m( 
                                                                 (1)
Where ( is the volume fractions of the organic solvent in the mobile phase and m (slope of TLC equation) is the change in RM caused by unit change of organic modifier volume fraction in the mobile phase, and RM0 (intercept) is the chromatographic retention constant. The equations of these straight lines are given in Table 2a. and Table 2b. The relationships were characterized by high correlation coefficients (r). 
The different regression equations for each compound indicate selective effects upon retention due to solute-solvent and solute–stationary phase interactions (5(. 
Table 2a. Extrapolated RM0 values, slopes, m, and correlation coefficients, r,  for protic solvents
	
	Methanol
	Ethanol
	1-Propanol

	R
	RM0
	m
	r
	RM0
	m
	r
	RM0
	m
	r

	H
	1.178
	-2.611
	0.987
	0.895
	-2.466
	0.998
	0.439
	-0.1844
	-0.997

	CH3
	1.660
	-3.262
	0.987
	1.216
	-2.706
	0.997
	0.733
	-2.325
	-0.985

	I
	2.279
	-3.772
	0.982
	2.097
	-4.029
	0.996
	1.031
	-2.607
	-0.994

	Br
	2.123
	-3.651
	0.989
	1.934
	-3.825
	0.999
	0.942
	-2.519
	-0.996

	NO2
	1.572
	-2.989
	0.993
	1.232
	-2.721
	0.997
	0.654
	-2.061
	-0.993

	OH
	0.842
	-2.845
	0.998
	0.453
	-2.528
	0.993
	0.114
	-1.821
	-0.943

	COOH
	0.068
	-1.606
	0.974
	0.080
	-3.365
	0.961
	-0.211
	-1.179
	-0.997

	COCH3
	2.111
	-4.325
	0.974
	1.104
	-3.096
	0.984
	0.435
	-2.253
	-0.995

	C2H5
	1.872
	-3.201
	0.962
	1.842
	-3.775
	0.9812
	1.028
	-2.900
	-0.999


Table 2b.  Extrapolated RM0 values, slopes, m, and correlation coefficients, r,  for aprotic solvents
	
	Dioxane
	Tetrahydrofuran
	Acetonitrile

	R
	RM0
	m
	r
	RM0
	m
	r
	RM0
	m
	r

	H
	0.454
	-1.662
	0.946
	1.835
	-3.300
	-0.994
	0.965
	-2.461
	-0.992

	CH3
	0.985
	-2.278
	0.986
	1.300
	-2.258
	-0.952
	1.281
	-3.111
	-0.995

	I
	1.630
	-3.205
	0.993
	2.252
	-3.856
	-0.994
	1.716
	-3.576
	-0.994

	Br
	1.382
	-3.010
	0.986
	2.056
	-3.607
	-0.996
	1.561
	-3.417
	-0.995

	NO2
	0.990
	-2.660
	0.966
	1.615
	-2.672
	-0.965
	1.255
	-3.046
	-0.996

	OH
	0.272
	-1.920
	0.989
	0.663
	-1.550
	-0.995
	0.422
	-2.173
	-0.985

	COOH
	-0.039
	-2.005
	0.988
	0.682
	-1.462
	-0.989
	-0.627
	-0.377
	-0.997

	COCH3
	0.739
	-1.923
	0.990
	1.141
	-2.203
	-0.990
	1.008
	-2.884
	-0.994

	C2H5
	1.386
	-2.953
	0.971
	2.413
	-4.288
	-0.999
	1.507
	-3.266
	-0.996


Hydrophobic or lipophylic character is important physicochemical parameter of a molecule, which ordered the activity of bioactive compounds. Lipophilicity play an important role in the transport of compounds through a biological system and it may also influence the formation of complex between a compound and receptor or bio-macromolecule. There are different ways of expression lipophilicity. In most cases the lipophilicity can be quantitatively characterized as log P (the logarithm of the ratio of the concentrations of solute in 1-octanol-water system)[6].  The log P is widely used as a structure descriptor in structure-activity relationship (QSAR) studies[7]. 

The key aspect of the biological activity of a compound is predicted by ability to pass through biological membranes, usually by passive diffusion. This process involves a series of partitioning steps, in combination with diffusion through several regions, e.g. partitioning between aqueous media and biological membranes. Processes of drug absorption, distribution and excretion in the pharmaco-kinetic phase of drug action, as well as drug–receptor interactions in the pharmacodynamic phase, are dynamic in nature, as are the analyte’s distribution processes in chromatography. 
Table 3.  Values of AC logP

	R
	AC logP

	H
	1.60

	CH3
	1.92

	I
	2.53

	Br
	2.30

	NO2
	1.47

	OH
	1.30

	COOH
	1.12

	COCH3
	1.52

	C2H5
	2.28


As a consequence, the chromatographic approach has been quite successful in modeling physicochemical and biological processes. Chromatographic techniques enable us to determine the retention constant RM0, which  demonstrate the partition of the compound between the non-polar hydrocarbon stationary phase and polar mobile phase, and usually characterize well the lipophilicity of tested compounds. Owing to its simplicity, aswell as efficiency, reversed-phase thin-layer chromatography was selected for this investigation. The partition coefficients AC log P, of tested acetamides were calculated using internet data The results are shown in Table 3. 
Obtained partition coefficients, AC log P were correlated with retention constants RM0, (RP TCL) as alternative descriptors of lipophilicity of investigated amides. Figure 1 shows the obtained dependence between AC Log P and chromtogaphic retention constants, RM0, for protic solvents (a) and aprotic solvents (b).
 SHAPE  \* MERGEFORMAT 


              Figure 1a. relationship between partition                            Figure 1b. Relationship between partition

                            coefficient AC log P and retention                                          coefficient AC log P and retention

                              constants RM0 for protic solvents                                            constants RM0 for protic solvents

Compounds which as substituent have NO2 and COCH3 groups strongly deviate and were not taken into account in the correlation data. In both of case can be seen deviation. The relatively high lipophilicity of  NO2 substituent can be explained by the possibility of mesomeric structures wich might increase the partial positive charge on the amide nitrogen. COCH3 groups also differ. The reason for this can be very similar to the negative resonance and negative inductive effects of COCH3 and NO2 groups and related to the aromatic system.The equations describing relationship between retention constants RM0, and partition coefficient AC log P are given in Table 4.

Table 4. The equations describing relationship between retention constants RM0, and partition coefficient AC log P

	Solvent
	equations

	Methanol
	AC logP = 1.081 + 0.186 Rm0 + 0.200(RM0)2             R2 = 0.979

	Ethanol
	AC logP = 1.027 + 0.689 Rm0                                    R = 0.996

	1-Propanol
	AC logP = 1.213 + 0.540 Rm0 + 0.610(RM0)2             R2 = 0.981

	Dioxane
	AC logP = 1.141 + 0.855 Rm0                                    R = 0.947

	Tetrahydrofuran
	AC logP = 0.870 + 0.671 Rm0                                    R = 0.947

	Acetonitrile
	AC logP = 1.107 + 0.195 Rm0 + 0.368(RM0)2             R2 = 0.996


Existence correlations between retention constants RM0, and partition coefficient log P indicate that chromatographic retention constants, RM0, may be successfully used to express lipophilicity and predict biological activity of investigated compounds. 

The results of the spectrophotometric studies

In this work were investigated the effect of solvents polarity and their proton-donor ability on electronic absorption spectra of investigated N-(substitutedphenyl) cyano-acetamides,too.

Effects of chemical structures (substituents effect) on the absorption spectra of investigated derivatives are interpreted by correlation of compounds absorption maxima frequencies with substituent constant, σ [8] expressed by:
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 where b is the proportionality constant reflecting the sensitivity of absorption frequencies to the  substituents effects. Substituent constant σ measures the electronic effect of the supstituents in given positions. Because different phenylacetamide derivatives exhibit biological activity the objective of this work was to establish the correlation of some of physicochemical descriptors (absorption frequencies, νmax,) with biological activity descriptors (log P and RM0) for investigated compounds
Absorption spectra of investigated N-(substitutedphenyl) cyano-acetamide have been recorded in methanol, ethanol and 1-propanol as representative of protic solvents and in  aprotic solvents:  dioxane, tetrahydrofuran and acetonitrile  in the range 200-320 nm. 

The ultraviolet absorption data of investigated N-(substitutedphenyl) cyano-acetamide derivatives in used solvents are given on Figure 3. in Table 5. Examination of the data given in Table 5., shows that there is an identical trend in the UV absorption data of the investigated compounds in all solvent used. That indicates that there is no hydrogen bond formation between investigated compound and solvent.
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Figure 2. Absorption spectra of phenyl-cyanoacetamid in different solvents
Absorption spectra of N-(substitutedphenyl) cyano-acetamide derivatives in aqueous solution are presented on  (Figure 2).
Absorption spectra on Figure 2. more indicates that absorption maximum, of investigated compounds depends on the nature of the substituent on benzene ring. Increasing polarity of the substituent leads to a shift of  absorption maximum, λmax, towards larger wavelengths.
Table 5. UV/vis spectra data of substance in different solvents

	Solvent / Substituent R
	νmax 10-4 (cm-1)

	
	H
	CH3
	I
	Br
	NO2
	OH
	COOH
	COCH3
	C2H5

	Methanol
	41.41
	40.82
	39.45
	40.00
	32.47
	40.00
	37.81
	35.65
	40.73

	Ethanol
	41.32
	40.73
	39.29
	39.92
	32.41
	39.76
	37.66
	35.46
	40.65

	1-Propanol
	41.24
	40.65
	39.22
	39.84
	32.31
	39.68
	37.88
	35.21
	40.57

	Tetrahydrofuran
	41.07
	40.40
	39.06
	39.60
	31.95
	39.84
	37.38
	34.66
	40.32

	1,4 Dioksane
	41.24
	40.90
	39.29
	39.92
	32.57
	40.08
	37.17
	36.23
	40.82

	Acetonitrile
	41.58
	40.98
	39.52
	40.08
	32.15
	40.32
	37.31
	36.30
	40.90
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Figure 3. Absorption spectra of N-(substitutedphenyl) cyano-acetamide derivatives in water
The effects of substituents on the absorption spectra of these new derivatives of acetamide are interpreted by correlation of absorption maximum with Hammett substituent constant, σ.
Thus we correlated absorption frequencies, νmax, of compound examined with Hammett substituent constants. Polynomial dependence was determined (Figure 4.). It is further proof that used solvents did not have infulence on absorption spectra of N-(substitutedphenyl) cyano-acetamide derivatives. That means that between used organic solvents and solute with different substituents does not come to the formation of hydrogen bonds or other dominant interaction.
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Figure 4. The correlation of absorption frequencies, νmax,  of substituent constants, σp.
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              Figure 5. The correlation of absorption                                   Figure 6. The correlation of absorption
                     frequencies, νmax of AC log P                                               frequencies, νmax of RM0 in methanol
We further compared absorption frequencies, νmax, as physico-chemical descriptor, against log P, and chromatographic retention constants, RM0, as a measure of lipophilicity (biological activity) of investigated compounds.

In the case depending on absorption frequency, νmax of the AC log P were obtained by the polynomial (Figure 5). Compounds which contain substituents such as NO2 and COCH3 groups strongly differ and were not taken into account correlated data. 

Comparing the absorption frequency with RM0 a satisfactory this polynomial correlation obteined  in all solvents except tetrahydrofuran (Table 6). In Figure 6. as an example of is given in methanol. By comparing the obtained correlation, the absorption frequency, νmax  with AC log P and absorption frequency , νmax with RM0 , it can be concluded that the absorption frequencies, νmax and the RM0 can be used to predict lipophilicity (biological activity).

This dependence confirms that lipophilicity of investigated N-(substitutedphenyl) cyano-acetamides depends on the physico-chemical properties.
        Tabele 6. The parameters of equation νmax = a +bRM0 + c (RM0)2 in different solvents

	Solvents
	a
	b
	c
	R2

	Methanol
	37.952
	4.500
	-1.661
	0.929

	Ethanol
	37.246
	6.561
	-2.655
	0.950

	1-Propanol
	39.309
	5.915
	-5.324
	0.833

	Acetonitrile
	39.858
	3.102
	-1.803
	0.928

	Dioxane
	37.884
	8.234
	-4.619
	0.875

	Tetrahydrofuran
	-
	-
	-
	-


On Figure 7. is presented relationship between parameter b with relative permittivity, εr of solvents. Good linear correlation show that parameter b express the solvent effect of these two phisicichemical properties (of compounds investigated) in correlation.
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Figure 7. Relationship between parameter b with relative permittivity of solvents
CONCLUSION
Reversed phase thin layer chromatography and spectrophotometric methods were used to characterization of newly synthesized N-(4-substituted phenyl)–cyanoacetamides. Chromatographic retention constants determined by use of mobile phases containing different organic modifier, show that the used different protic and aprotic solvents have different effects on retention. Very good correlation between retention constants, RM0, obtained in RP-TLC of N-(4-substituted phenyl) –cyanoacetamides  and log P values, as standard lipophicity parameters indicates the possibility that retention behavior of a molecule (RM0) in reversed phase thin-layer chromatography (RP-TCL) can be used, as criteria of its lipophilicity and thus chromatography may be successfully used for lipophilicity (biological activity) determination. 

The absorption spectra of N-(4-substituted phenyl) –cyanoacetamides recorded in the range of 200-300 nm in different solvents shows identical trend in the UV data of all compounds in all solvent used. That indicates that there in no presence of strong interactions between investigated amides and solvents. Absorption maximum of investigated amides depend on the nature of substituent on benzen ring. Increasing the polarity of substituents causes shift of absoprtion maximum towards larger wavelengths.
Obtained absorption frequencies, νmax, were correlated with Hammett substituents constant, σ, to study the influence of substituent on electronic absorption spectra of some  N-(4-substituted phenyl) –cyanoacetamides. Polynomial dependence was determined, which is additional evidence that between investigated amides and solvents does not come to the formation dominant interaction. Compared absorption frequencies, νmax, of investigated amides with retention constants, RM0 and parameter lipophilicity log P good correlation was obtained which means that absorption frequencies, νmax, as physicochemical descriptor can be used to predict lipophilicity of compounds.
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