Available online www.jocpr.com

Journal of Chemical and Pharmaceutical Research, 2@, 4(3):1772-1781

ISSN : 0975-7384

Research Article CODEN(USA) - JCPRC5

Theoretical study of molecular structure, IR and NMR spectra of
pyrazolone and its derivatives

Naji A. Abood and Reem A. Al-Shihai

Chemistry Department, College of Education, Basrah University, Basrah, Iraq

ABSTRACT

Structure of pyrazol-5-one, 3-methyl pyrazol-5-one and 1-phenyl-3-methyl pyrazol-5-one and their IR spectra data
have been determined by performing DFT molecular orbital calculations at B3LYP/6-31G(d) theory level . The
geometry parameters, total energies, HOMO and LUMO orbitals energies, dipole moments and changes on the
atoms aswell as vibrational frequencieswere calculated for the three molecules and the results were compared with
the experimental measurements and discussed . The NMR chemical shifts were determined using TNDO/6-31G(d)
method . The calculations showed that pyrazol-5-one is aplanar molecule and N-H vibrational frequency is lower
than that in succimide . The methyl and phenyl substituents decrease N-H bond vibrational frequency whereas
C=0 freguency increase by phenyl substituent .

Keywords: Pyrazolones, structure, IR, NMR, theoretical cadtioh -DFT.

INTRODUCTION

Pyrazolones are hetro aromatic five-membered ramypounds containing two bonded nitrogen atoms angonyl
group in their structure . Pyrazolone is named 79/f&-one , its empirical formulas;8,N,O and represented by the
structure (1)

1
N H
|

1)
The pyrazolone and its derivatives have drawn eapedde interest by medical chemists for more ttamdred
years ago due to their intensting drug propertiesPyrazolone was first prepared gnorr in1883 when he was
trying to synthesis quinoline derivatives, but Hg#atned pyrazolone derivative called antipyrin daso called
phenazone[2] . pyrazolone can be considered usnettiate compound for synthesis of various cyatimpounds
of high biological activity3-10] .
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These compounds have wide interesting medical euudistrial applications such as anticancer[11],
antiischenicefcets[12§ntiflammatory[13],antifungal[14] antipyretic[15],antitubercular[16]antihypertensive[17],
antiviral[18]and antimicrobial[19] In industry they are used as colorizing agents[£]0,2In general pyrazolones
are yellow solids with high melting points and maate solubility in water , alkaline and acidic sns[22,23] .
The react with aldehydes in alcoholic basic mediand with the bromine to give high biologically ati
compounds[24,25]. It is reported that pyrazolonaeger go tautomerism to certain extent which ¢éedy
substituents and solvents[26-30] .

In the literature we have found neither quanti@tir and NMR data nor DFT/ molecular orbital ca#tidns for
titte compounds, so the aim of the present study twwanvestigate the structure, IR and NMR of thesepounds
theoretically and experimentally

EXPERIMENTAL SECTION

All used chemicals were supplied by Merck and Flakenpanies: hydrazine, phenylhydrazine, metylaoetiade
and chloroform, with out further purification . CHNemental analysis was carried out on Euro Ve2d@rAltaly at
Alalbait university/Jordan .

2.1 IR and UV-Visible spectra
IR spectra were recorded at FT-IR spectrometer n8d80 from Shimadzu company as KBr disc at room
temperature in the Laboratory of petrochemical stdes /Basrah

The UV-Visible spectra were obtained using UV-Visilspectrophotometer model T80 in college of edanat
/Basrah university .

2.2 NMR spectra

The spectra were recorded using Bruker instruntgrerating at 500.130 MHz foH and *C and **N at
125.75MHz and 36.13MHz respectiveBMS was used as external standard'fband™*C whereas CENO, was
used for**N measurements. All the spectra was measured OOt Tehran university. Relaxation timegfar

'H were determined by Inversion Recovery methodgilie sequences 18090 at various temperatures between
—20 and 40cC .

3. Computations

DFT/B3LY computations have been performed at 6-8)®@sis set No scaling has been done for vibrational
frequencies. The optimization was first performédBaLYP/6-31G(d) theory level . The values of bdedgths,
bond angles, total energy, electronic energy haanlralculated as well as HOMO and LUMO orbitalergies
with electric dipole moments and charges on thenatoThe chemical shifts were calculated by TNDQhoe for
pyrazolone .

4. Preparations of phenyl pyrazolone and methyl pyazolong31]

They were prepared by reaction of hydrazine or phleydrazine with methyl acetoacetate with contssérring
for 2hr at 100°C . The product was recrystallizedm ethanol . The product was white crystals fadRvith m.p
223°C while Rh2 orange —yellow wish crystals wittpm27°C . The preparation reactions are repreddntdhe
following equations:

? ? H CHs
c c NH2-NH-R 100°C —
N — - - + CH30H + H20
S OCHs 2hr 5
’ o ]/2N\
T H
R

whereR= H or Ph

The reactions were carried out at atmospheric spresand followed by TLC . CHN analysis and physica
properties are listed in Tables land 2.
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RESULTS AND DISCUSSION

5.1 structure
The studied compounds are represented by tlwviolg general structural formula:

Where X= H, Y= H; X= CHjs, Y= H; X= CHj; Y= Ph, and symbolized as Rh, Rh1 and Rh2 respectively.

The CHN elemental analysis and the calculated gadwe shown in Tablel, they are in agreement wtodlirmed
the proposal structures . However, the physica¢stanelting points and colours and listed in Table

Table 1. CHN elemental analysis

%N % H %C Empirical symbol
Exp. | Cal | Exp.| Call Exp Cal P Y
33.1| 333] 46| 4.8 427 42.8 C3H4AN20 Rh
14.C | 142 | 6.C | 6.1 | 24.C | 24/ C4H6N2C Rh1
8.2 8.C 6.1 | 6.2 | 33.C | 34.4 | C10H10N2(C Rhz

*Fromref. 32

Table 2. The physical properties and yield percentge of the studied compounds

Symbol | Molecular masg  Physical state and cologréelting point/°C | Yield %
Rh 84 Powder yellowish 270 98.0
Rh1 98 White crystals 223 23.6
Rh2 174 Orange crystals 127 20.4

*Fromref. 22

Table 3. Structure formula of the possible tautomes for compound(Rh)

Symbol Tuatomer Structure
H, H
Rha OIN/(N -,
!
H H
H
Rhb o /\N
N
!
H H
Rhc
\ N
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Pyrazolone (Rh), as shown in the Table 2, hasitjteebt m.p compared with Rh1 and Rh2 which iskaitad to the
presence of strong hydrogen bonding, on the othed lthe substituents, GHand ph, lowered the m.p due steric
effect Rh1 and steric effect and reduction in NunmdfeN-H bonds in Rh2

5.2 Computational calculations

The total energy, electronic and nuclear energiesevealculated for the three studied compoundsyelk as
HOMO, LUMO energies and the difference between t{eh) . Mullikan charges on the atoms and the dipole
moments, and geometry parameters such as bondéeagtl bond angles were also determined . Howsiere it

is belived that these compounds under go tautomerts certain extent we first started to studytthegomers in the
singlest studied compound (Rh) . This compoundpeeted to show three tautomeric isomers, as shoWwable 3.
Theoretical calculations have been carried outamheautomer of Rh and on Rh1 and Rh2, the reartdtfisted in
Table 4.

Table 4. Theoretical calculated of some physicakrpperties using DFT-B3LY/6-31G(d) of Rh tautomersRhl
and Rh2 compounds

AE The difference LUMO- |  LUMO HOMO rr?c"‘;’r?éit '\(';r’gfgeg Efﬁg%T eTnc:f‘g'y Symbol
HOMO energy energy /Debye Kcal/mol Kcal/mol Kcal/mol
9.800 1.410 -11.210 6.54 139998.2 -329027.1) -1880411 Rha
11.090 2.010 -13.100 241 138933.4 -187270.3 -18803 Rhb
12.002 3.110 -15.112 2.30 140071.6 -187270.9 -18902 Rhc
8.787 1.312 -10.099 6.19 18222.9 -211666.7| -213698. Rhl
5.6z 3.061 -8.72¢ 5.7¢€ 462538.! -355157 . -358583.¢ RhZ

It is clear from Table 4 that the tautomer Rha ddswest total energy compound with the other tangis, which
indicates a relatively higher stability . On théher hand it has mallest energy difference betwad&fMO and
HOMO (AE) which reflects a relatively low chemical statyilof their tautomer of compound Rh . However, the
energy gap in Rh2 compound is decreased to 5.6@2taphenyl group, and therefore expected to beemor
chemically active . The tautomer Rha shows higloléipnoment value compared with the other tautoraedseven
higher than values of the compounds, Rhland RHs. fact explains its high melting point and it'segominance

in very polar solvents[26]. However, this conclusie in agreement with measurtd NMR and UV spectra .

5.3 Mullikan charges
Table 5 given Mullikan charges on the atoms inghalied molecules computed with B3LYP and 6-31Gb@bis
set .

Table 5. Mullikan charges on the atoms in the studd molecules predicated by B3LYP and 6-31G (d)

Compounds
Rh2 Rh1 Rha Atomic No.

-0.33¢ | -0.31¢ | 0.271 C1

0.441 | 0.41¢ | 0.10¢ Cc2

0.613 | 0.598| 0.593 C3
-0.509 | -0.483| -0.419 N4
-0.453 | -0.470] -0.47( N5
-0.558 | -0.565| -0.558 06

It is clear from Table5 that C3 atom carries thegdat positive charge among the other carbon atoms
therefore expected to be the site for nucleophditach in Rha compound. The Table shows that the
charges on nitrogen N4 and N5 are not identicathie three compounds. However , oxygen atom carries
the highest negative charge in each compound andialtue is nearly equal . The charge on C2 atom, in
compounds Rh1l and Rh2 increased by methyl substitu On the other hand the presence of the phenyl
substituent reduced the negative charge on N5 atam to delocalization of the nitrogen electron playr
resonance effect This is confirmed by increasedrational frequency of the C=O group in Rh2
compound (IR data) .
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5.4 Bond lengths and angles
Theoretical calculated geometry parameters using B3LYP/6-31G(d) calculations for the studied campds
and listed in Tables 6 and 7 with of the atomshasv® in the following structure:

8H

Table 6. Bond lengths calculated by using DFT B3L®/6- 31G(d) theory level for Rha, Rh1l and Rh2 compmds

Compounds bond lengths/A
Rh2 Rh1 Rha Bond
1.371 1.374 1.368| C1-C?
1.44¢ 1.46( 1.46¢ C1-C3
1.37¢ 1.377 1.37¢ | C2-N4
1.416 1.411 1.411 N4-N§
1451 1.423 1421 C3-N5
1.246 1.244 1.244| C3-06

Table 6 shows that the shortest bond in all studeedpound is &=Os , it is un affected by the substituent and has
value 1.244A in Rha compound, whereas C1-C2 bond in Rha equ&l68A and its value increases by
substituents .

For comparison, we have recalculated the bond fesn@tO and C=C in formamide and ethylene compousdgy
the same method and theory level, the results shatithese bonds are shorter than that in studietbounds . CO
bond length in formaldehyde and formamide equabD2A2 and 1.219 Arespectively whereas the C=C in
ethylene equals 1.321A

The calculated bond angles are shown in TableZateithat the Rha molecule is planar while theQ22c3 angle
is slightly affected by substituents on additiolne thydrogen atom (H9) is slightly deviated from tilane the
molecule .

Table 7. Bond angle calculated by DFT B3LYP/6-31@j (in deg.) for studied compounds

compounds
Rh2 Rh1 Rha | Bond angle
123.3| 123.9] 125.4 H8-C1-CZ
109.6 | 107.6] 1043 C3-C1-C7
127.0| 126.5| 130.0 H8-C1-CZ
107.4 | 109.5| 107.0 C2-N4-HY
109.3| 108.3] 105.1 C2-N4-N§
110.5| 112.0) 110.1 H9-N4-N§

5.5 NMR spectra
The theoretically calculatetHNMR data for pyrazol-5-one , 3-methyl pyrazol4#eo(Rh and Rh1) with the
experimental data for 3-methyl pyrazol-5-one ar@ghin Table 8 .

Table 8. Theoretically calculatedH chemical shifts using TNDO/6-31G(d) method for Rland Rh1
compounds with experimental values for Rh

Compound | Proton No.| Experimental §/ppm | Theoretical §/ppm
Rh H;& Hg - 6.257
Hg& Hic - 10.43¢
H7 2.15i 1.82¢
Rh1 Hs 5.275 6.650
Ho& Hic - 10.875
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From Table 8, the singlet signal at 2.157ppm s8gaeed to CH group while the single at 5.275ppm is attributed t
the vinyl proton (H) . The signals of i and H protons which are expected to appear in 10.2-4ird are outside
the measured region . Although these protons aveéguivalent chemical environments, it is repoiteliterature
that they show one signal[2] . The calculationsved that H and H ; Hy and H, protons are equivalents. The
theoretical and experimental values of the chenshdts for R compound are shown in Table 9.

Table 9. The proton theoretical chemical shifts (T®O/6-31G(d)) and the experimental for Rh2 compounéh ppm

Proton number | Experimental chemical shift: Theoredil chemical  sifts
H; 2.201 1.958
Hs 4.98% 6.95(
Hg - 11.40:
H11& Hiz 7.603 8.663
Hia& Hyg 7.440 7.712
Has 7.278 6.842

In general the calculated values are lower thareitperimental Table 9 probably due to solvent ¢ffecone hand
and the theory level on the other hand . Howeverthsignal in Rh2 is shifted the down field comparathviRh1
due phenyl ring effect'3C chemical shifts data using completely proton deéed technique for the Rh,Rh1 and
Rh2 compounds are shown in Table 10 .

Table 10. 3C chemical shifts data for Rh,Rhland Rh2 compoundssing completely proton decoupled technique

Compound | Carbon atom numbefr  Chemical shifts /ppm

G 89.3

Rh C 130.1
Cs 161.0

C 91.0

C, 144.7

Rh1 S 164.4
Cs 11.4

C 92.4

C 150.3

Cs 161.7

Rh2 Cs 16.6
Cic 139.7

Cu&Cyp 130.0

C13& Cus 122.%

* Fromref. 32

From Table 10, the two signals at 11.4 and 16.6pmattributed to carbon atom of Ctoup in the Rh1l and Rh2
compounds respectively . The signal of 4R Rh2 is shifted to down field due to phenyl gsaulhe signal above
160ppm in the studied compounds is easily assigmalde CO groups . This signal has low intensitg dol long
spin relaxation time (T1) . £Shows a signal at 130.1ppm in Rh compound shiftet44.7 and 150.8ppm in Rh
and RhB respectively due to GHand phenyl substituent effects . In general, Giwsha signal at up field compared
with C2, which is expected, since C2 atom bondetittogen atom . The aromatic carbon atoms in Riv@pound
show three signals at 122.7,130.0 and 139.7ppm .

The N NMR spectra were measured in £ID solvent using CENO, as external reference for Rhland Rh2
compounds . The spectra accidently showed onedbs@mal at 190.0ppm since the two nitrogen atones a
chemically unequivalent . The signal appeared beoad because of strong quadropole interaction .

5.6'H-NMR relaxation times

'H NMR relaxation times at various temperatures lig tange -20 to 40°C for GHand CH groups in Rhil
compound have been determined in diluted soluti@hlisted in Table 11. The plot of T1 temperatuepehdence
is shown in Fig.1, T1 decreases for both CH and @idups with decreasing temperature in the measegidn,
which indicates that measurements are in the namgregion (W << 1) . However, Tfor CHsgroup is shorter
than that of CH group due to dipolar interactiontlufee protons and reorientationalotion of CH. The same
observation has been obtainéat Rh2 compound (Table 12 and Figure Zjrom Tables 11 and 12 it is clear that
T, values in compound Rh2 become shorter which caatthibuted to phenyl group effect .
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Table 11.'H spin — relaxation times () at different temperatures for CH and CH; groups in Rh1 compound

Temp/C | Chemical shifts C-H /jppm| Relaxation time [s hémical shifts CH /ppm | Relaxation time/s
40 5.300 6.365 2.181 2.937
25 - - 2.182 2.389
10 5.29¢ 6.07¢ 2.18¢ 1.75i
-5 5.41] 4.841 - -
-20 5.510 3.795 2.192 1.388

*(-) , not measured

Table 12.H spin — relaxation times (T,) at different temperatures for CH and CH; groups in Rh2 compound

Temp/C | Chemical shifts C-H /ppm| Relaxation time s @&hical shifts CH /ppm | Relaxation time /g
40 - - 2.229 2.544
25 5.353 6.304 2.233 2.250
1C 5.35¢ 6.28¢ - -

-5 5.366 4.983 2.239 1.790
-20 5.371 4.156 2.239 1.305
*(-) , not measured
‘e
CH & B
5
4
CH3 3
/ 2
1
i )
a0 -20 10 0 10 20 30 an S50
tic
Fig. 1. Variation of T, with temperatures for Rh1 compound
e
i
CH =
6 -
5 -
4 -
CH3 ,
2 -
1 -
T T T T T T T O
-30 -20 -10 0 10 20 30 40 50
t/C
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5.7 UV- Visible spectra

The UV-Visible spectra of Rhl and Rh2 compoundmathod were measured and the data are listed ileTab
Compound Rh1l shows two strong absorption bands3atahid 280 nm which can be attributed tor —n*
transitions and therefore confirms the dominancehef Rhlatautomer . The two bands are shifted to longer
wavelength in Rhicompound probably due to phenyl ring effect .

Table 13.The UV- Visible spectra for Rhl and Rh2 compounds methanol solvent

Comp Band’ Band 17
" | 4 max(nm) gmax(L.mof*.cm) | 4 max(nm) gmax(L.mol*.cm?)
Rh1 235 169¢ 280 1
Rh2 240 1370 340 2837

5.8 IR spectra

The theoretical vibrational frequencies have besterthined using DFT B3LYP/6-31G(d) method for thedged
compounds are listed in Tables 14,15 and 16

Table 14. Theoretical IR data for the Rh compound

*Virational modes: y, stretching; &, deformation , superscripts, S symmetrical; as, asymmetrical ;

Frequency/cm? | Intensity | Approximatedescription
3442.3 318 | y*wu
3425.9 10.6 | ySau
3158.9 29.1 Ym:CH
3089.3 18.3 | ¥'-cu
1964.3 294.6 Yco& 8° HCN
1689.0 83.6 | 8"wn
1448.5 46.3 Yc=cc
1301.8 7.0 8" can
1289.7 1.0 8" nu
1162.8 17.1 8% _ch
1077.3 2.7 8% _cyy
970.0 9.6 8%\

929.2 4.5 YN

925.6 7.9 Yenn

802.9 494 | 8%y

780.8 3.2 8%y

643.5 2.7 Sc-crring

632.8 2.8 S_C—C/ring

423.8 3.3 8% ocn& 8inc
422.4 0.0 8cc & Shen weak
240.1 25 8%
-575.3 197.7 | &skeleta
-823.5 15.0 8 skeletal

ip, in-plane ;

oop, out-of-plane . *

unscaled

Rh molecule possess 24 mode of vibration, thaufragies of these mode are listed in Table 14 .ave lnot found
theatrical calculation or experimental of vilioagl frequencies for This molecule in the litera so for . The
frequencies at about 3400 ¢ntan easily assigned to N-H asymmetric amohsetric stretching vibrations .

These values are ingreement with that of the imidese frequencies at 3158.9 and 3089.3 ¢hable 14 ) can
be attributed to C-H asymmetric and symmetnietshing respectively for the vinyl group . Theduencies at
1900 is aised from CO stretching combinedhwC-N-H bending in plane, it is higher thane normal
values . However, the frequencies at abouwi018nd 802.9 crthare attributed to C-H bending vibration in
plane and out of plane of the ring respectively

Molecules, Rh1l and Rh2, have 33 and 63 modeshohtion the calculated and the measured frequeneie

shown in Tables 15 and 16 . with approximatgcdption . In both molecules, the vibrationaéduency above
3400 cn is assigned to N-H stretching which is shiftéal lower value in solid due to strong hydsog
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bonding . The frequencies at about 3100‘'care attributed to C-H stretching of the vinghd aromatic
hydrogens .

Table 15. Some of theoretically calculated frequees using DFT B3LYP/6-31G(d) method and the
experimental as KBr disc for Rh1l compound

Theoretical /cn' | Intensity | Experimental /cm | Approximate description
3435.8 335 3300.0 broad | y *wn
3424.. 7.1 YS NH
3169.: 2.2 3088.t v *cn
3157.7 27.9 "{S=CH
3075.1 24 2940.5 ¥ * cH aliphatic
3072.0 1.6 2922.7 ¥ * cH aliphati
1964.5 305.4 16705 Yco & 8 cnm
1773.7 58.C 1560.( YCN& ’YOOFNH
1513.¢ 78.5 1496.( Y c=C ring
1400.4 4.4 1322.1 3 ™ on aliphai
1385.3 2.5 3 ® ching
1370.7 1.5 3 * ch aliphati
1303.1 7.3 1200.0 Yonn & 8 ne
1288.( 7.5 Y CNN
1160.¢ 5.8 3" cn
1045.6 4.9 3" cn
998.4 3.7 1010.0 3 °Pyn
992.5 5.8 995.7 Snn
855.8 37.0 870.5 3 %%P_ch
666.4 3.C 610.f 8 % ch aliphaic
628.4 5.5 8 c-Cring
529.0 4.9 S ccring
459.4 2.5 S ocn

* Fromref. 33

Table 16. Some theoretically calculated frequencidsy DFT B3LYP/6-31G(d) method and the experimental
values for RH, compound

Theoretical /cm' | Intensity | Experimental /crit | Approximate description
3391.7 3.6 3420.2 Y NH
3166.4 3.C 3090.f yY*-cn
3142.9 30.0 Y =cn
3079.3 7.7 2990.7 Y cHaliphatic
3077.6 1.1 2900.2 ¥ * CH aliphatic
3068.9 28.8 Y CH zromatic
3053.5 2.1 Y CH aromatit
1986.¢ 207.k 1610.( Y co & &P CNH
1787.8 1.2 1522.5 Yen& Yn
1588.2 15.9 1495.0 Y C=C ring
1457.7 27.4 1354.0 3 P cH aliphati
1391.4 7.5 8 P cH aliphati
1384.¢ 2.E 8 P ch aliphaii
1301.: 7.5 Yonn& 8P nw
1261.0 25.9 Y enn
1190.0 18.0 1100.0 3 P e aromati
1129.7 9.4 1000.0 3 ® cH aromati
847.2 2.5 750.5 S Py
893.8 3419 688.( 3 P_cy
795.1 4.5 ) Oop(:H aromatic
777.4 15.8 8 °%P_cy
687.9 2.1 8 °P ch alipharic

The frequency of CO group in molecule Rh2 ifted to higher value compound with that in Riahd Rh .
Theis fact can be explained in them of resoeaifect of the phenyl ring . Howeveahe frequencies at 1400

and 700 cil can the assigned to aliphatic C-H bending aodhe aromatic C-H bending out of plane as
expected .
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CONCLUSION

DFT B3LYP /6-31G (d) calculation showed thayrazol-5-one is the predominant tautomer and itdylanar
structure . Theoretically predicted IR and NMR &ér agreement with the experimental data .
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