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ABSTRACT

The hybrid drugs have been synthesized by the neatien of nicotinamide and acid chlorides of sgdlicacid, 5-
nitro salicylic acid and ibuprofen as well as sglaldehyde and vanillin in chloroform medium. Theustures of

all hyberdised drugs are confirmed on the basithefr spectral data. The ultrasonic velocity (Ulscosityg) and
density p) have been reported for these drug molecules mitté concentration range 0.001M — 0.005M drug in
70% DMF-Water at 300K.From thesemeasured datadifferacoustical parameters, such as adiabatic
compressibility g), relative association (i, acoustic impedance (Z), relaxation tim® &nd intermolecular free
length (L) were computed. The result have been analyzeihéegbreted in terms of molecular interactions.

Keywords: Hybrid drugs, Nicotinamide, Ultrasonic Velocityebsity and Viscosity.

INTRODUCTION

Nicotinamide (3-pyridine carboxylic acid amide)cowmty known as Niacin or vitamin B3 is a water sdéub
vitamin, required for cell respiration[1-5]. It lpslin release of energy and the metabolism of ¢adrates, fats and
proteins, proper circulation and healthy skin, tioring of the nervous system and normal secretibhile and
stomach fluid and so it is a pharmacologically imaont compound. A deficiency of nicotinamide caupeBagra.
Considering that nicotinamide is present in tissaksearly all living organisms, its complexes wittansition
metals and biological ligands could play a very amant role in oxidation—reduction processes of abelic
pathways, could help the body get rid of toxic dwadmful chemicals, and help treat osteoarthritid dreumatoid
arthritis, insulin-dependent diabetes, insomnia angraine headaches. People with cancer are rikalg to have
vitamin B; deficiency. It is a reactive moiety of the coeneymicotinamideadenin dinucleotide (NAD).On
decomposition NAD and NADP give a small amounticbtinamide[6-10].

Ultrasonic is a versatile non-destructive and falastechnique hence readily available and have wéhge of
applications in various field like chemistry, plgsi engineering, biology, food industry, medicimentistry,
oceanography, seismology, geophysics, geoscieagesulture, metallurgy, cleaning bath, textilemmat, paper
industry etc.[11-15]. In chemistry, ultrasonic vaty with related acoustical parameters have beéensively used
to study molecular interactions in binary, ternagyaternary liquid mixtures and solute-solvent riat&ions and
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transport properties of alkali halides, hydrocashalcohols, polymers, proteins, amines, aminosacicugs etc[16-
20].

The newly synthesized drug molecules are importaganic compounds which have application in théd fief
medical sciences which developed our interestérsthdy of their physico-chemical behavior. Thengng interest
in the study of the thermodynamic properties antdrimolecular interactions of drug in various orgatdmpounds
solutions is due to the fact that these interasteme the key to understand the structural andcacteristicpropertyof
drug molecules. The acoustical studies are extelysivsed to estimate the thermodynamic properties pedict
the intermolecular interactions. The sound veloibtpne of the physical properties that help inamsthnding the
nature of liquid state. Ultrasonic velocity and ogsity measurement have been widely used in tHd fé
interaction and structural aspect.

To our knowledge no work has been reported on gicaligproperties of hybrid drugs of nicotinamide. dur
laboratory, we have reported the density, ultrasom@locity and viscosity of hyberdised drugs namih(2-
hydroxyphenyl)carbonyl]pyridine-3-carboxamidehydrtmride (1), N-[(E)-(2-hydroxyphenyl)methylidene]pgline-
3-carboxamide (II), N-[(E)-(4-hydroxy-3-methoxyphd&methylidene]pyridine-3-carboxamide (l1l) and 12-{4-(2-
methylpropyl)phenyl]propanoyl}pyridine-3-carboxameithydrochloride (IV) within the concentration rar@@01M
— 0.005M drug in 70% DMF-Water at 300K. From thenslgy (p), viscosity §) and ultrasonic velocity (U) of
solutions, the different acoustical parametershsas adiabatic compressibilitg)( relative association (R,
acoustic impedance (Z), relaxation timggnd intermolecular free length¢(have been calculated.

MATERIALS ANDMETHODS

In the present study, thesolutes were used whick smnthesized by

1) The condensation of 1.22g nicotinamide (CAS No998, mass fraction purity > 0.990, Merck) with 4ml
2-hydroxybenzoyl chloride(acid chlorides of salicylcid)and 2.14ml 2-[4-(2- methylpropyl)phenyl]pemoyl
chloride (chloride of ibuprofen) by shaking in tipeesence of chloroform medium for about 2hr andnhx4
respectively has resulted in the formation of NHjg2iroxyphenyl)carbonyl]pyridine-3-carboxamide hydnloride
(1) and N-{2-[4-(2-methylpropyl)phenyl]propanoyl}pigine-3-carboxamide hydrochloride (1V).

2) The 1.22g of nicotinamide refluxed with 1.06ml sglaldehyde(CAS No0.69-72-7, mass fraction purit§.$90

, Merck) and 1.52g vanillin(CAS No. 121-33-5, méssction purity > 0.990, Merck)in the presence bfoctoform
medium for about 1.5hrs and 2-3hrs respectively hasulted in the formation of N-[(E)-(2-
hydroxyphenyl)methylidene]pyridine-3-carboxamidd) (nd N-[(E)-(4-hydroxy-3-methoxyphenyl)methylidgn
pyridine-3-carboxamide ().

All the synthesized solutes were crystallized usin@able solvent and characterized by IR,NMR and Mass
Spectra.

N-[(2-hydroxyphenyl)carbonyl]pyridine-3-carboxamide hydrochloride (I):

Yield 63%;mp 134135°C (Chloroform); R= 0.625, FT-IR (KBr) crit: 3380 (br, OH), 3200 (-NH), 2380 (Ar-CH),
1700-1400 (C=0, C=C, C=NJH NMR (CDCLs) &: 10.367 (s, 1H, OH), 7.504-7.947 (4H, pyridyl)988-7.028
(4H, aromatic), 7.255 (1H, -NH).

0
N NH H—Cl
_

N o~

HO

Fig. 1: Str. of N-[(2-hydroxyphenyl)carbonyl]pyridi ne-3-carboxamide hydrochloride
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N-[(E)-(2-hydroxyphenyl)methylidene]pyridine-3-carboxamide (ll):

Yield 60%; mp 128130°C (Ethanol); R= 0.732, FT-IR (KBr) cnt: 3367.71 (br,OH), 3167.12—2729.27 (aromatic
ring, str.), 1700-1400 (C=0, C=C, C=NH NMR (CDClLs) &:9.825 (s, 1H, OH), 8.157-8.773 (4H, pyridyl), 6416
7.446 (4H, aromatic), 5.868 (1H, CH). MS: m/z (%227.05 [M]

O
X N
= |
N
HO
Fig. 2: Str. of N-[(E)-(2-hydroxyphenyl)methylidendpyridine-3-carboxamide

N-[(E)-(4-hydroxy-3-methoxyphenyl)methylidene]pyridne-3-carboxamide (lIl):

Yield 66%;mp 88-90°C (Benzene); R= 0.617, FT-IR (KBr) crif: 3400 (br, OH), 2358.93 (Ar-CH), 1060 (C-O-C),
1700-1400 (C=0, C=C, C-NfH NMR (CDCLs) & = 9.824 (s, 1H, OH), 7.027-7.434 (3H, aromaticR78 (1H,
CH), 3.966 (3H, -OCh). MS: m/z (%) = 256 [M]

H,CO
OH

Fig. 3:Str. of N-[(E)-(4-hydroxy-3-methoxyphenyl)mehylidene]pyridine-3-carboxamide

N-{2-[4-(2-methylpropyl)phenyl]propanoyl}pyridine-3 -carboxamide hydrochloride (1V):

Yield 69%:mp 99-93°C (Ethanol:Water 1:1); &= 0.534, FT-IR (KBr) cnt: 3180 (-NH),), 1700-1400 (C=0, C=C,
C=N) .’H NMR (CDCLg) 6 = 7.402-9.038 (4H, pyridyl), 7.088-7.256 (4H, aatin), 6.604 (1H, NH), 3.696-3.766
(4H, Ar-CH), 2.432-2.455 (2H, Ar-C}), 1.506-1.885 (7H, aliphatic). MS: m/z (%) = 347 [81"]

0
CH
X NH 3
L, w—oc
o
N~ oF 3
CH,

Fig. 4:Str. of N-{2-[4-(2-methylpropyl)phenyl]propanoyl}pyridine-3-carboxamide hydrochloride

Before use, these compounds were dried in vacuwen amd were kept in vacuum desiccator over anhgdittaed
calcium chloride for more than two days. It wasnthesed for present investigation. N, N-DMF used wés
Analytical grade. All the mixtures were preparedrishly prepared, 70% DMF-Water on a molarity bdsi using
one pan balance Dhona 200D with an accuracy +0r0llgeviscometricmeasurement were made by Ostwald’s
Viscometer with an accuracy 0.001N&.nThe density of the solution was measured at 30B.by using Digital
Densitimeter (Model-DDM 2910, Rudolph Research wiwdl, USA.). The accuracy in density measurenvesis
found to be +0.00001gm. Ultrasonic sound velocitgasurement were made by variable path single trysta
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interferometer ( Mittal Enterprises, Model F-81Sat) 2MHz with accuracy of 0.03%. The temperature was
maintained with an accuracy of BCL Electronically digital operated constant tempee bath (Plasto Craft
Industries) for low temperature bath model, LTB-#as used to circulate water through the double edall
measuring cell made up of steel containing the expatal solution at the desired temperature witbuaacy in
temperature measurement %CGo 90C.

Using the measured data, the acoustical parammielsas adiabatic compressibili3),(relative association (f,
acoustic impedance (Z), relaxation timg and intermolecular free length ¢{(Lhave been calculated by using
following expression and represent in Table.1.

B = 1/U% ..(1)
Ry = (p/po) (Uo/U)'3 -(2)
Z="Up --(3)
r=4n | U .(4)
Lf = K(B)Y/? ...(5)

where K is a Jacobson Constant.
RESULTS AND DISCUSSION

The variation density, viscosity, ultrasonic vetgciadiabatic compressibility, acoustic impedancelative
association, relaxation time and intermoleculage fength with concentration in figures 5-12.

Table 1:Density @), viscosity f), ultrasonic velocity (U), adiabatic compressibity (), acoustic impedance (Z), relative association gR
relaxation time (r) and intermolecular free length (L) of solutes in 70% DMF-Water at 300.15K

Conc. | pg.cm® | n. 10 poise U p. 107 Z.10° Ra Ly 1.10°

(M) 10%m.s® | (cmfdyn™) | g.cm? A s

N-[(2-hydroxyphenyl)carbonyl]pyridine-3-carboxamide hydrochloride ( I)

0.001 | 0.987329 16.15294 1.6524 3.709486  1.63146200195| 1.256473 7.989105
0.002 | 0.987605 16.34424 1.6568 3.688729  1.63626399688 | 1.252961 8.038597
0.003 | 0.987998 16.63105| 1.6594 3.673943  1.63987999684 | 1.250447 8.14687_2
0.004 | 0.988142 17.00726| 1.664] 3.654448  1.644361098667 | 1.247125 8.286954
Conc. | pg.cm® | n. 1C poise u p. 107 Z.10° Ra L 1. 10°

(M) 10%m.s’ | (cmfdyn™) | g.cm? A s
0.005 | 0.988339 17.29105| 1.6687 3.633604  1.64924097048| 1.243564 8.377175

N-[(E)-(2-hydroxyphenyl)methylidene]pyridine-3-carboxamide (1)

0.001 | 0.986688 13.99635) 1.6493 3.726262  1.62724®00192| 1.259319 6.953877
0.002 | 0.987181 14.28341] 1.6517 3.713185  1.63052000187| 1.257099 7.071499

0.00: | 0.987271 | 14.4715 1.654¢ 3.69977 | 1.63354( | 0.99969¢ | 1.25483 | 7.13884
0.00¢ | 0.98753. | 14.8488: 1.659: 3.67611 | 1.63900i | 0.99893: | 1.25081 | 7.27813!
0.005 | 0.987773 15.22609 1.6631 3.660211 1.64276®98094 | 1.248108 7.430761
N-[(E)-(4-hydroxy-3-methoxyphenyl)methylidene]pyridne-3-carboxamide (1Il)

0.001 | 0.98696 15.02689 1.6517 3.716216  1.629669 00064 | 1.257621 7.445758
0.002 | 0.987351 15.40633] 1.6537 3.703521  1.63278399056 | 1.255471 7.607691
0.00¢ | 0.98769. 15.5984! 1.657: 3.68662: | 1.63680: | 0.99959( | 1.25260: | 7.66741
0.00¢ | 0.98774 15.8795! 1.661: 3.6664¢ 1.641331 | 0.99874i | 1.24917 | 7.76293
0.005 | 0.987883 16.162 1.6657 3.648388  1.645p16 808®| 1.246091] 7.86203¢

N-{2-[4-(2-methylpropyl)phenyl]propanoyl}pyridine-3 -carboxamide hydrochloride( 1V )
0.001 | 0.988076 18.31428] 1.6561 3.690088  1.63635D00206| 1.253192 9.010842
0.002 | 0.988441 18.50801] 1.6611 3.66655 1.6419 BAPY 1.249189 9.04807
0.00: | 0.98883. 18.889: 1.665: 3.6470° 1.64660!' | 0.99914( | 1.24586! | 9.18546
0.00¢ | 0.98897. | 19.0790 1.668" 3.63127¢ | 1.65029 | 0.99858 | 1.24316! | 9.23753
0.005 | 0.989154 19.36323] 1.6734 3.610244 1.65%25 97835 | 1.23956| 9.320801

>
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Figure 5: Variation of Density with Concentration
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Figure 6: Variation of Viscosity with Concentration
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Figure 7: Variation of Ultrasonic Velocity with Concentration
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Figure 9: Variation of Acoustic Impedance with Conentration
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Figure 11: Variation of Intermolecular Free Length with Concentration
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Figure 12: Variation of Relaxation Time with Concertration

Figure 5 represents the variation of densgifydf solution as a function of molarity of solutiéor 70% DMF-Water
of different hyberdised drugs at 300.15K. It candiserved from this figure that density of solutioereases
continuously with the increase in molarity of sadat for all the systems of hyberdised drugs withire
concentration range studied. Similar increase imsitig has also been reported in some glycol etBgfsFigure 6
represents the variation of viscosity with concaiidn. Variation in viscosity indicates the presenof
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intermolecular interactions between the hyberdidady molecules and solvent molecules. Viscositysaition
increases with the increase in concentration aftsol. The increasing concentration of hyberdisagysl supports
non rupturing of drug molecules and hence themedease in viscosity.Similar increase in viscosiag also been
reported by Sh. Baluja et.al in some drugs in nrethand DMF at 308.15K[22]. Figure 7 representsvdugation of
ultrasonic velocity (U) with concentration. It clie observed from this figure that velocity of smntincreases
with the increase in molarity of solution for dilet systems. As density of solution increases tmebeu of particles
in a given region increases and this leads to quinksfer of sound energy and thus velocity alsweiases. This
suggest the disruption of solvent structure withaddition of hyberdised drug. Similar increasgetocity has been
found in case of glycine, L-alanine aflanine[23].

The ultrasonic velocity (U) depends on intermolacditee length (}). The velocity increases with decrease jroiL
vice versa. Table 1 show Hecreases continuously which suggests that teesrang interaction between solvent
and drug molecules. Figure 11 represents the i@miaf intermolecular free length §lwith concentration. Similar
decrease in intermolecular free length has alsa bggorted in Lamivudingd-Cyclodextrin and polymer inclusion
complexes[24]. Figure 8 represents the variatioradiibatic compressibilityB] with concentration. It can be
depicted that adiabatic compressibility values ease with the increase of solute concentrationafothe drug
solutions. The decrease of adiabatic compressihilith increasing concentration might be due toraggtion of
solvent molecules around solute molecules indigatirereby the presence of solvent-solute interastio all these
systems. Similar decrease in adiabatic compregshidls also been reported in aqueous solutionyafrgt and DL-
alanine[25].

Figure 9 represents the variation of acoustic iraped with concentration. It can be observed thaustc
impedance increases with increase in solute corat@nt. Theoretical requirement of Z is density argocity
which are increased with increase of concentratiosolute in solution. The increase of Z with selabncentration
can be attributed to the effective solvent-soluteractions. Similar increase in acoustic impedadras also been
reported in methionine in aqueous electrolytic 8ohs[26]. Figure 10 represents the variation ofatiee
association with concentration. The relative asgtam depends on either the breaking up of theestlmolecules
on addition of solute to it or the salvation of saihat are present. The relative association \&thogs increase with
the increase of solute concentration. This incresskie to the solute-solvent interaction dominatesr solvent-
solvent interactions. Similar increase in relatigsociation has also been reported in L-Threomirsgjueous and in
mixed aqueous solution[27].Figure 12 representsviimiation of relaxation time with concentration.dan be
observed that relaxation time increases with ireeda solute concentration which indicates thecstine-making
tendency of compound. Similar increase in relaxatione has been reported in Epoxy Oleate 0D'9Bis(4-
hydroxyphenyl) Anthrone-10 solutions[28]. This paeters is the cumulative effect of ultrasonic viglgadensity
and viscosity of solution under the given setsafditions.
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