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Theoretical Calculations of 3-(p-Methylbenzyl)-4-chloroacetylamino-4,5-dihydro-
1H-1,2,4-Triazol-5-one Using B3LYP and HF Basis Sets
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OZET: Bilesik B3LYP/6311G (d,p) ve HF/6311G (d,p) temel setleri kullanilarak
optimize edilmistir. "H-NMR ve "*C-NMR isotropic kayma degerleri Gaussian GO9W
paket programi kullanilarak GIAO metodu ile hesaplanmistir. Deneysel ve teorik
degerler & exp=a+tb. 0 calc. esitligine gore grafige gecirilmistir. Standart hata degerleri a
ve b sabitlerinin regresyon katsayisi ile Sigmaplot programi kullanilarak bulunmustur.
Analiz edilen molekiillerin IR absorbsiyon frekanslari iki metod ile hesaplanmistir.

Veda 4f programi teorik hesaplamada IR verilerini belirlemede kullanilmistir. Deneysel
ve elde edilen teorik degerler karsilastirilmis ve regresyon analizi ile bulunan degerleri
dogrulamistir.  3-(p-metilbenzil)-4-kloroasetilamino-4,5-dihidro-1H-1,2,4-triazol-5-on

molekiiliiniin deneysel spektroskopik verileri literatiirde tanimlanmaistir.

Anahtar Kelimeler: GIAO, 6311G (d,p), Mulliken charge, B3LYP, HF
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Theoretical Calculations of 3-(p-Methylbenzyl)-4-chloroacetylamino-4,5-dihydro-

1H-1,2,4-triazol-5-one Using B3LYP And HF Basis Sets

ABSTRACT: The compound was optimized by using the B3LYP/6311G (d,p) and
HF/6311G (d,p) basis sets. 'H-NMR and "“C-NMR isotropic shift values were
calculated by the method of GIAO using the program package Gaussian GO9W.
Experimental and theoretical values were inserted into the graphic according to
equitation of & exp -atb. 6 calc. The standard error values were found via Sigma Plot
program with regression coefficient of a and b constants. IR absorption frequencies of
analyzed molecule were calculated by two methods. The veda4f program was used in
defining IR data, which were calculated theoretically. The experimental and the
obtained theoretical values were compared and found by regression analyses that are
accurate. Experimental spectroscopic data of 3-(p-methylbenzyl)-4-chloroacetylamino-

4,5-dihydro-1H-1,2,4-triazol-5-one molecule have been described in the literature.

Keywords: 4,5-Dihydro-1H-1,2,4-triazol-5-one, B3LYP/6311G (d,p), HF/6311G (d,p),
GIAO.
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Giris molekiillerin ~ kapsamli  bir  sekilde
Teorik ¢aligmalarmm amact deneysel  kimyasal  hesaplamalar1  yapilabilir.
olarak bulunan degerleri desteklemektir.  Bunun i¢in  pek  ¢ok  yOntem
Bilgisayar ortaminda yapilan teorik  gelistirilmistir. Bu yOntemlerden olan
hesaplamalarin temelini kuantum  Hartree-Fock (HF) (Oz Uyumlu Alan

mekanigi olusturur. Kuantum teorisi ile  Teorisi) atom yoriingelerinde hareket
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eden elektronlarin hareketlerinin

ayristirilmasit  i¢in -~ kullanilan ~ bir
yontemdir (Apaydin, 1991; Jensen, 1999;
Haken & Wolf, 2000). DFT Yogunluk
atom ve

Fonksiyoneli Teorisi,

molekiillerin  elektron yapilarmi ve
karsilikl1 elektronlarin etkilesimini inceler
(Apaydm, 1991; Haken, 2000; Parr &
Yang, 1989; Bartolotti & Flurchick,
1989). Yogunluk Fonksiyoneli Teorisi
(DFT) ve Hartree-Fock (HF) metotlar1
4,5-dihidro-1H-1,2,4-triazol-5-on

tirevlerinin yapilarmin tayin edilmesi,
spektroskopik (IR ve NMR), elektronik
ve lineer olmayan optik ozellikler gibi

molekiiler 6zellikleri arastirmak i¢in ideal

metodlardur.

Materyal ve Method
Bu c¢alismada Gaussian 09W paket

programi kullanilmistir. Bu program ile

atom ve  molekiillerin  geometrik
optimizasyonlar1 yapilabilir, tum
spektroskopik Ozellikleri (IR, NMR)

incelenebilir (Frisch ve ark., 2009).
Calismada oncelikle B3LYP/6311G (d,p)
ve HF/6311G (d,p) temel setleri ile
molekiil optimize edilmistir (Frisch ve

ark., 2009). Optimize olmus yapinin iki

farkli set ile IR (infrared) absorbsiyon

frekans degerleri gaz fazinda
hesaplanmis, bulunan degerler
B3LYP/6311G(d,p) i¢in: 0.9688 ve

HF/6311G(d,p) i¢in: 0.9059 uygun uyum
faktorleri ile carpilmistir (Merrick ve ark.,
2007). Teorik olarak elde edilen degerler,
deneysel degerler (Yiiksek ve ark., 2004)
ile karsilastirilarak infrared spektrumlari
cizilmigtir.  Teorik IR  verilerinin
tanimlanmasinda veda4f (Jamroz, 2004)
programi kullamlmustir. 'H-NMR ve "*C-
NMR isotropic kayma degerleri Gaussian
GO9W paket programi kullanilarak GIAO
metodu ile hesaplanmistir (Wolinski ve
ark., 1990). Elde edilen bu degerler ile
deneysel degerler (Yiiksek ve ark., 2004)

karsilagtirilarak aradaki fark degerleri

bulunmus ve bu degerler & exp=atb.
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calc. esitligine gore grafige gecirilmistir. N——NH
| /L

Sigmaplot programi kullanilarak a ve b )\

cHy” TN O
sabitleri regresyon katsayis1 ile standart NH—C—CHLI

Il

hata degerleri bulunmustir. 0]

CHj3
BULGULAR

Sekil 1. Bilesigin Kimyasal formiilii

3-(p-metilbenzil)-4-kloroasetilamino-
4,5-dihidro-1H-1,2,4-triazol-5-on

Bilesiginin Teorik Hesaplamalan

Sekil 2. Bilesigin optimize edilmis molekiiler yapisinin gausview goriiniimii
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Tablo 1. Bilesigin TMS’ye gore "H-NMR deneysel ve teorik (B3LYP, HF,

B3LYP(DMSO) ve HF (DMSO)) kimyasal kayma degerleri (8/ppm)

No DFT/dmso HF/dmso No Deney. DFT/dmso HF/dmso Fark./DFT Fark/HF
C1 170,39 161,36 H13 11,84 8,02 7,11 3,82 4,73
C2 170,77 160,59 H14 11,22 8,20 6,41 3,02 4,81
C3 185,30 175,66 H15 4,28 4,47 4,24 -0,19 0,04
C4 67,44 49,64 H16 4,28 4,19 4,17 0,09 0,11
CSs 53,40 35,24 H17 3,66 4,54 3,91 -0,88 -0,25
Cé 154,93 141,23 H18 3,66 4,33 3,56 -0,67 0,10
C7 150,13 141,05 H19 7,12 8,02 7,85 -0,90 -0,73
C8 150,29 138,11 H20 7,12 7,96 7,74 -0,84 -0,62
C9 160,61 149,51 H21 7,12 8,04 7,86 -0,92 -0,74
C10 149,95 139,44 H22 7,12 8,01 7,87 -0,89 -0,75
C11 150,83 140,02 H23 2,26 3,13 2,71 -0,87 -0,45
C12 38,56 24,79 H24 2,26 2,62 2,73 -0,36 -0,47
H25 2,26 3,12 2,29 -0,86 -0,03
Bilesigin R’ Degerleri:  regresyon  katsayist ile  Sigmaplot
B3LYP/6311G(d,p): "C: 09977, 'H: programi kullanilarak  bulunmustur.

0.9853; HF/6311G(d,p): *C: 0.9960, 'H:

0.9867, B3LYP/6311G(d,p) (DMSO):
BC: 0.9974, 'H: 0.9921; HF/6311G(d.p)
(DMSO): °C: 0.9954, 'H: 0.9874.

Deneysel ve teorik degerler & exp=a+b. &

calc. esitligine gore grafige edilmis ve

standart hata degerleri a ve b sabitlerinin

Bilesiklerin  herbiri i¢in bulunan bu
degerler Tablo 2’ de gosterilmistir. a, b
ve R degerlerine gore teorik ve deneysel
karbon ve proton kimyasal kayma
oranlar1 arasnda a korelasyon degeri

lineer bir degisim gostermistir.

Tablo 2. Molekiillerinin Kimyasal Kayma Oranlar1 I¢gin Korelasyon Degerleri

"H-NMR/DMSO
R’ S. error a b
DFT 0.7925 1.5298 1.2526 -1.4855
HF 0.6451 0.6128 1.1566 -0.3824




70  Theoretical Calculations of 3-(p-Methylbenzyl)... ... ...

12
% 10 -+
4
=
s g ¢ *e
=
£ 64
=
~
& $
= 4
e $
z 2

0 2 4 6 8 10 12 14
IH-NMR B3LYP/HF(MMSO) THEORETICAL VALUES

Sekil 3. Bilesigin B3LYP(DMSO) ve HF(DMSO) yontemleriyle deneysel ve teorik 'H-

NMR kimyasal kayma Degerlerinin karsilagtiriimasi

Tablo 3. Bilesigin deneysel ve teorik DFT/B3LYP ve HF 6311G(d,p) IR degerleri

Titresim Tiirleri B3LYP(cm™) HF(cm™)

1 T NCCN(21) 16 16
2 T CCCC(33) 27 22
3 T HCCC(56) 35 26
4 T CICCN(46) 39 34
5 8 CCC(10), 1 NNCC(15), 1 CCCC(44) 46 45
6 8 NNC(12), t CNNC(14), T CCNN(20) 62 56
7 T NCCN(45) 70 67
8 T HCCN(12), T CNNC(18), 1 CNCC(37) 87 76
9 T CCCC(17), T NCNC(18) 118 118
10 3 NNC(21), CICC(25) 135 139
11 3 CCC(12), 5 CICC(11), 1 CCCC(12), T CNNC(12) 151 148
12 3 NCC(24), 8 CCC(27) 233 226
13 3 NCC(14), 8 CCC(27) 264 274
14 3 CNN(15), T HNNC(18) 292 295
15 8 CCC(10), t HCCN(15), 1 CCCC(21) 311 315
16 3 NNC(21) 317 325
17 SOCN(15), 5 CNN(18), 5 CICC(10) 334 352
18 3 CCN(24), CICC(11) 364 369
19 v CIC(27) 385 390
20 THCCC(21), T CCCC(77) 403 413
21 T HNNC(39) 440 431
22 T CCCC(32) 473 476
23 T HNNC(45) 484 483
24 8 OCN(11), T CCCC(11) 505 507
25 3 OCN(10), 5 CCC(14) 532 528
26 3 OCN(10), t HCCN(14), T ONNC(14) 562 590
27 3 OCN(11), T HCCN(12), T ONNC(12) 592 604
28 3CCC(14), T NCNC(10) 620 633
29 3CCC(36) 641 651
30 T CCCC(17), T NCNC(10) 688 695
31 v CC(10), 8 NNC(13), 1 CCCC(14) 708 711
32 v CIC(49) 725 7569
33 v CIC(10) 730 766
34 T HCCC(20) 748 782
35 3 NNC(13), t HCCC(29) 786 803
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v CC(10), 3 NNC(13), t HCCC(17)
T HCCC(11)
v 0C(59), t HCCC(63)
v CC(15), T HCCC(23)

1 CCCI(11),  HCCN(22), t CICCN(20), T HCCC(36), t ONNC(12)

© HCCN(23)
1 HCCC(36), t CCCC(14)
v NC(14)
T HCCC(56), 1 CCCC(12)
8 HCC(10), T HCCC(52)
8 CCC(12), 8 HCC(15), 8 CCC(52)
v NC(10), § NNC(28)
t HCCC(55)

v NN(58), 5 HNN(13)

v CC(22), § HCC(51)
SHCC(72), t HCCN(14)
SHCC(33), t HCCN(10)

v CC(13), SHCC(47)

v CC(27), SHCC(24)

v NC(25), v CC(10)

v CC(18), 8 HCC(18), 5CCC(10)
v NC(13), 5 OCN(12), 8 CNN(10)
© HCCN(80)

v CC(17), 8 HCC(16), t HCCN(28)
v CC(25), v NN(10), 3 CNN(11)
5 HCC(58)

8 HCC(20)

5 INN(68)

5 HCH(88)

v CC(18), 8 HCC(35)

8 HCH(79)

8 HCH(80), t HCCN(14)

v NN(25)

8 HCH(42), t HCCC(19)

8 HCH(33), t HCCC(18)

§ HNC(70)

§ CCC(15), 8 HCC(57)

v CC(26), 5 CCC(10)

v NC(63)

v CC(55), 5 HCC(19)

v CH(64)

v OC(59)

v CH(91)

v CH(97)

v CH(98)

v CH(97)

v CH(91)

v CH(100)

v CH(53)

v CH(50)

v CH(63)

v CH(100)

v NH(50)

v NH(50)

811
822
825
829
902
903
931
937
952
976
1007
1019
1029
1045
1105
1162
1167
1170
1177
1182
1195
1202
1257
1273
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1298
1325
1359
1371
1399
1401
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1429
1442
1453
1481
1499
1566
1591
1607
1746
1794
2930
2944
2978
2985
3006
3012
3053
3059
3070
3071
3471
3570
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839
854
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1007
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1234
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1518
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Sekil 4. Bilesigin deneysel (a) ve teorik (B3LY1;(b) ve HF(c)) IR spektrumlari

Erumo (B3LYP) : -0.05370 Hatree ELumo (HF) : 0.08899 Hatree
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Sekil 5. Bilesiginin DFT/B3LYP ve HF 6311G(d,p) yontemlerine gore hesaplanan

HOMO-LUMO enerjileri

Tablo 4. Bilesiginin atomlarmin DFT/B3LYP ve HF 6311G(d,p) yontemlerine gore

hesaplanan mulliken yiik degerleri

DFT HF DFT HF
C1 0.354 0.497 H17 0.154 0.154
C2 0.492 0.691 H18 0.125 0.139
C3 0.409 0.530 H19 0.082 0.090
C4 -0.304 -0.224 H20 0.084 0.090
Cs -0.144 -0.131 H21 0.087 0.091
Co -0.137 -0.157 H22 0.096 0.106
Cc7 -0.076 -0.076 H23 0.126 0.109
C8 -0.078 -0.080 H24 0.105 0.094
c9 -0.099 -0.125 H25 0.123 0.110
C10 -0.069 -0.090 N26 -0.218 -0.280
C11 -0.014 -0.039 N27 -0.302 -0.370
C12 -0.257 -0.172 N28 -0.369 -0.448
C13 0.252 0.261 N29 -0.286 -0.356
C14 0.269 0.287 030 -0.366 -0.503
C15 0.201 0.192 031 -0.328 -0.447
C16 0.202 0.185 CI32 -0.114 -0.131

Tablo 5. Bilesiginin DFT/B3LYP ve HF 6311G(d,p) yontemlerine gore hesaplanan

teorik bag uzunluklar1

No Bond Lengths B3LYP HF No Bond B3LYP HF
Lengths
1 C(1)-N(26) 1.295 1.264 17 C(5)-C(6) 1.521 1.494
2 C(1)-N(28) 1.388 1.380 18 C(5)-H(17) 1.093 1.082
3 C(1)-C(5) 1.493 1.494 19 C(5)-H(18) 1.094 1.083
4 N(26)-N(27) 1.382 1.373 20 C(6)-C(7) 1.393 1.382
5 N(27)-H(13) 1.005 0.990 21 C(7)-H(19) 1.085 1.076
6 N(27)-C(2) 1.370 1.347 22 C(7)-C(8) 1.394 1.389
7 C(2)-0(30) 1.208 1.189 23 C(8)-H(20) 1.085 1.076
8 C(2)-N(28) 1.418 1.388 24 C(8)-C(9) 1.395 1.383
9 N(28)-N(29) 1.368 1.355 25 C(9)-C(12) 1.509 1.510
10 N(29)-C(3) 1.380 1.366 26 C(12)-H(23) 1.091 1.086
11 N(29)-H(14) 1.011 0.993 27 C(12)-H(24) 1.094 1.083
12 N(29)-0(31) 1.205 1.184 28 C(12)-H(25) 1.094 1.086
13 C(3)-C4) 1.524 1.517 29 C(9)-C(10) 1.400 1.393
14 C(4)-H(15) 1.087 1.079 30 C(10)-H(21) 1.085 1.076
15 C(4)-H(16) 1.087 1.075 31 C(10)-C(11) 1.388 1.378
16 C(4)-CI(32) 1.816 1.789 32 C(11)-H(22) 1.084 1.076

Tablo 5. Bilesiginin DFT/B3LYP ve HF 6311G(d,p) yontemlerine gore hesaplanan

teorik dipol moment degerleri
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DFT/6311G HF/631G
T 7.9855 -7.1781
By 0.1683 0.1882
™ -1.6051 -0.2271
WToplam 8.1470 7.1842
Sonug¢ edilen IR  spektrumlar1  mukayese

Molekiiliin geometrik ve spektroskopik
ozellikleri B3LYP/6311G(d,p) ve
HF/6311G(d,p) yontemleri kullanilarak
teorik olarak

incelenmistir.  Optimize

olmus yapidan IR, 'H-NMR gibi

spektroskopik degerler hesaplanmistir.
Hesaplanan bu degerler deneysel verilerle
mukayese edilmistir. Teorik ve deneysel
karbon ve proton kimyasal kayma
oranlar1 arasinda a, b ve R degerine gore
dogrusal bir korelasyon gozlenmistir.
Deneysel ve teorik 'H-NMR degerleri en
kiiciik kareler yontemine gore (teorik
hesaplanan degerler/deneysel hesaplanan
degerler) bulunan R degerleri arasinda
yakin bir iliski bulunmustur. Teorik IR
frekans

degerlerinde  negatif deger

bulunmamistir. Bu sonug¢ bilesiklerin

kararli oldugunu gostermistir. Teorik IR

spektrumlar1 ile deneysel olarak elde

edilmistir. Bu karsilastirma sonucu teorik
bulgularin deneysel verilerle uyumlu

oldugu ortaya konmustur.
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