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The use of quantum mechanics methods to determine the ionization
constant pKa for a number of acidic compounds derived from n-formyl
piperidine

*Salah H. M Sheet Rayan Basheer Mahmod Ahmed Y.Haydari
Directorate of Education in Nineveh, Iraq

Abstract:

The ionization constant of five acidic compounds derived from n-formylpiperidine was theoretically
studied, and in this study, the factors affecting the pKa of ionization constant of acidic compounds
derived from n-formylpyridine were found, which are represented by Vander Waals forces, energy
levels, hardness, chemical potential, and spherical electrophile index through Conducting a theoretical
study of these compounds using two methods of quantum mechanics for the purpose of comparison,
which are semi-empirical calculations, including Austin AM1 method, and Ab-initio basic calculations,
including (HF) Hartree Fock method using Chem program. Office 2008 and the extent to which these
two methods are compatible with the known chemical bases was determined by discussing the
theoretical variables that were calculated using the two methods mentioned above to determine which of
these two methods is the best in calculating these variables and finding the relationship between the
theoretically calculated physical variables with each other and determining their nature.

These constants were linked with the practical values of the ionization constant by conducting a simple
and multiple statistical analysis process. The results gave a good relationship with the ionization
constant through the high values of the correlation equations (R2) that were obtained.

After conducting the multi-statistical analysis process, it was found that the best variables that affect the
ionization constant in the (AM1) method are (MC-N8, Str.), and in the (HF) method are (W, Str.) and
the rest of the variables were theoretically excluded because the coefficients of those variables Very few
or equal to zero, and therefore these variables were adopted to obtain a relationship with better results,
as it is noted that the values of the correlation coefficient in the two methods are (JAM1] {0.9942}),
([HF] {0.9985}). By comparing the theoretical values with the practical ones, it was found that the
results of the HF method were closer to the practical results.

Key words: acidic compounds derived from n-formyl piperidine, ionization constant, semi-empirical,
basic.
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Comp. ) Non-1,4 | VDW 1,4
No. Stretch | Bend | Stretch-Bend | Torsion VDW

1 0.3513 | 6.1362 0.2214 0.0209 | 0.0770 5.2959 9.7311

2 0.5453 | 5.6615 0.3528 2.3393 | -2.3399 8.6628 14.1667

3 0.5280 | 6.4388 0.2940 0.6480 | -1.1877 9.8014 14.9599
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4 0.5984 | 5.0312 0.2475 -4.8678 | -0.8453 | 10.1/79 8.9819

5 0.5469 | 5.6566 0.2701 -5.5318 | -0.3333 | 10.1468 9.6243
adind , il odgy oSam A al alies oly LSl 8 &35lae Total energy LS a8l dod o Jsaall (e Jaady
(5:2959- (o zobimg Aaall aaas 82l e Axslll (1,4VDW) ddadil) 5ilaynld cAlS o IS ad e dady Bypean
Ll olsil) ads C7=Ng 5 Ng-Co sals¥) (ra JSI agall &ila 1) 2gey ajuls 8 586 o)y 10.1779 Kcal/mol)
O ol @lSHall leY Bend slsay) ddlla 285 {(0.0209)-(-5.5318)Kcal/mol} ¢ zslm Al (Torsion) dae byl
clalny Stretch-Bend L — cliaily Stretch Ladl il 05 cpn 8 1Al 6 dibiae clalasly (5.0312-6.6615)

Al (058 Akl DU el

AMI 4k Uyl dgenall Zlall eyl o 1 (¥) Jsaal

Cmp' PKa | HOMO | LUMO Har%”ess u W | MC-N8
' | 10.5584 | -0.3097 | 0.0672 | 0.18845 | -0.12125 | -0.03900 | -0.1616
Y | 48724 | -0.2904 | 0.0249 | 0.15945 | -0.27795 | -0.24225 | -0.2414
Y | 45412 | -0.3065 | 0.0165 | 0.1615 | -0.29825 | -0.27539 | -0.2416
¢ | 2.6218 | -0.3022 | 0.0152 | 0.1587 | -0.2946 | -0.27343 | -0.2615
o | 31710 | -0.2991 | 0.0034 | 0.15125 | -0.2974 | -0.29238 | -0.2736

HF (3-21G) syl spunall &dlall clyiiall o ¢ (£) Jpoad

C&Tp' PKa | HOMO | LUMO Ha”f]”ess u W MC-N8
' | 10.5584 | -0.3015 | 0.2114 | 0.25645 | -0.04505 | -0.00395 | -0.379844
Y | 48724 | -0.2804 | 0.1469 | 0.21365 | -0.06675 | -0.01042 | -0.767959
¥ | 45412 | -0.2839 | 0.1348 | 0.20935 | -0.07455 | -0.01327 | -0.776083
¢ | 2.6218 | -0.2895 | 0.1410 | 0.21525 | -0.07425 | -0.01280 | -0.779305
o | 31710 | -0.2739 | 0.1123 | 0.1931 | -0.0808 | -0.01690 | -0.831297
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Puramet PKa | HOMO | LUMO i u W '\ﬁ% Stretch | Bend Sggtncdh— Torsion '\\l;)Dn\lA’/A' VDW1,4 ;}22;
PKa 1

HOMO 0.253 1

LUMO 0.938 0.228 1

i} 0.925 0.390 0.969 1

1] 0.936 0.280 0.941 | 0.930 1

W 0.949 0.258 0.974 | 0.953 | 0.993 1

MC-N8 0.973 0.301 0.976 | 0.979 | 0.923 | 0.953 1

Stretch 0.964 0.335 0.840 | 0.863 | 0.914 | 0.90 | 0.902 1

Bend 0.297 0.209 0.136 | 0.184 | 0.119 | 0.124 | 0.253 | 0.347 1
Stretch-Bend | 0.148 0.665 0.175 | 0.276 | 0.301 | 0.253 | 0.171 | 0.222 | 0.002 1

Torsion 0.253 0.013 0.230 0.174 | 0.092 | 0.135 | 0.268 | 0.150 | 0.361 0.277 1
Nonl,4VDW | 0.154 0.593 0.117 0.2 0.276 | 0.214 | 0.134 | 0.278 | 0.012 0.877 0.300 1

VDW 0.968 0.159 0.969 | 0.905 | 0.958 | 0.975 | 0.947 | 0.899 | 0.160 0.134 0.227 0.122 1
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Total
energy
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Nonl,4

Purame | pia | Homo | LUMO | 1 u W | MC-N8 | Stretch | Bend | SUSM | Torsion | vpw | VDW1. | Totl~
t - Bend 4 energy
PKa 1

HOMO | 059 1

LUMO | 0876 | 0848 1

i 0.833 | 0905 | 0992 1

m 0.922 | 0730 | 0979 | 0947 1

W | 0838 | 0769 | 0972 | 0951 | 00974 1

MC-N8 | 0935 | 0783 | 0947 | 0935 | 0935 | 0863 1

Stretch | 0964 | 0514 | 0766 | 0.726 | 0.808 | 0687 | 0.900 1

Bend | 0297 | 0027 | 0088 | 0074 | 0112 | 0087 | 0139 | 0347 1

Sggf(;‘ 0148 | 0412 | 0207 | 0252 | 0134 | 0092 | 032 | 0222 | 0.002 1

Torsion | 0253 | 0056 | 0797 | 0163 | 0254 | 0318 | 0110 | 0150 | 0361 | 0277 1

'\\';’8\1,\'/4 0154 | 0197 | 0116 | 0136 | 0083 | 0032 | 0266 | 0278 | 0012 | 0877 | 0300 1

VDW | 0968 | 0609 | 0916 | 0867 | 0970 | 0894 | 0938 | 0899 | 0160 | 0134 | 0227 | 0122 1

eTn‘;g'y 0004 | 0092 | 0033 | 0044 | 0016 | 0003 | 0073 | 0018 | 0323 | 0619 | 0609 | 0548 | 0.020 1

Johall coelil , @bl s3a e (X) ey (8) culilly SE o) Uaslly (R?) LLsY) dales a £l
Lol daplll COAL lgad 8 Bl o3 culins el iy Al lial) e Gn Blies dDle @l o Linal)
) A dapkl ) Sl handl Uasd o3l Asgeadl) bl Gans o8 o b Uali cogll Al o3y
- Al Gl ) Jgeagl Gasal aaid) (gylaat¥) Julaall ddee elyal Cuiacad
) Calgis AML syl Lylas s gusnal) culpaiiall 0 Lol V) U5 Slaa V1 sl i 1 (V) Jsand)

VAR Const. | Jdalx Jalza R? SE
B X1 X2

pKa & L | 27.650 | -36.291 | 91.437 | 0.975| 0.702
MC-N8

pKa& L |13.854 | 55.214 | -19.661 | 0.993 | 0.371
Stretch

pKa&L |17.521| 7.297 | -1.424 |0.969| 0.793
VDW

pKa & I] | 58.166 - 119.967 | 0.983 | 0.577
MC-N8 150.778

pKa & 1I]| 3.085 | 80.224 | -21.553 | 0.982 | 0.606
Stretch
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pKa&I]| 5306 | 59.266 | -1.119 | 0.975| 0.703
VDW
pKa & p | 20.524 | 10.359 | 53.827 | 0.978 | 0.659
MC-NS8
PKa & u|20.065| 13.773 | -22.103 | 0.973 | 0.732
Stretch
pKa & p|18.197| 4.116 | -1.359 | 0.969 | 0.789
VDW
pKa & W | 19.621 | 7.149 | 54521 |0.976 | 0.691
MC-N8
pKa& W | 17.906 | 12.913 | -19.173 | 0.982 | 0.598
Stretch
PKa& W |17.799| 3.000 | -1.358 | 0.969 | 0.791
VDW
pKa & MC-N8 | 22.419 | 40.075 | -15.196 | 0.994 | 0.356
Stretch
pKa & MC-N8 | 20.588 | 39.541 | -0.692 |0.984 | 0.562
VDW
pKa & Stretch | 20.551 | -16.067 | -0.810 | 0.992 | 0.405
VDW
o) Culgis HF A2y Uyl A senall i) (g Lol V) 3L Slaa¥) dlaall il 2 (A) saal
VAR Const. Jalea Jalea R? SE
B X1 X2
PKa&L | 19.170 | -8.002 18.139 | 0.935 | 1.135
MC-N8
PKa&L| 12864 | 28.080 | -23.158 | 0.989 | 0.468
Stretch
pKa &L | 20.224 | -5.859 -1.610 | 0.969 | 0.789
VDW
pKa & 1] | 31.201 | -47.083 | 22.358 | 0.943 | 1.068
MC-N8
pKa &1)| 9.774 | 37523 | -24.874 | 0.985 | 0.551
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Stretch
pKa & I]| 19.638 | -3.791 -1.549 | 0.969 | 0.793
VDW
pKa& | 18.332 | 87.388 | 10.203 | 0.945 | 1.052
MC-N8
pKa & | 22.043 | 91.906 | -20.653 | 0.995 | 0.318
Stretch
pKa&pu | 17.795 | -68.311 | -1.963 | 0.971 | 0.759
VDW
pKa& W | 16.408 | 81.984 | 14.591 | 0.937 | 1.121
MC-N8
pKa & W | 19.836 | 214.277 | -23.786 | 0.997 | 0.257
Stretch
pKa& W | 19.212 | -94.818 | -1.718 | 0.971 | 0.766
VDW
pKa & MC-N8 | 20.517 | 6.118 | -21.479 | 0.976 | 0.687
Stretch
pKa & MC-N8 | 18.240 | 3.833 -1.177 | 0.972 | 0.754
VDW
pKa & Stretch | 20.551 | -16.067 | -0.810 | 0.992 | 0.405
VDW

AML dayk 3 pKa ool et e 55 A cbpia)l deasdl ob 0 saeiall SlaaVl ddatll ddee el aa
il @l e Blalas o< Lyt el paiall 4 alesiad &35 Stretch s W o HF (3.21G) 4k 3y MC-Ns , Str.
e Jpemall L clysiall oda sl 5 addes (6-5) e Diiadl il Jghas (8 e WS jiuall diglue 5} Tas 3L culS
G ol dlaysd — 0 (e didall dpmalal) LSl o deganal KA Gl culsi Glus DA (e (Sag daaly) dBDle
ad lual (£ 5 ¥ Alalag) 2ld) dapaal) Zacal)ll ADlal) pmg a3 geiluil) oda ) Taliiads L Llee 282y i) s s onmy
(10, 9) culsanll 8 Leailis dayaally dulaall will o Lgiijliay Culill s

AMI i)k Aslas
Y =22.419 + 40.075*MC-Ng - 15.196*Str. .................... 3)
HF ik dlslae
Y =19.836 + 214.277*W — 23.786*Str. ................ )
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Lplailly daleall AMI syl (pnyels dilaysd =y (e diidial) drcaclall GLSHall s cugl o 2 (9) Jsaal

Comp. Pkaexp PKaiheor ApKa
1 10.5584 10.33123 0.22717
2 4.8724 4.458516 0.413884
3 4.5412 4.713392 -0.172192
4 2.6218 2.846101 -0.224301
5 3.1710 3.143788 0.027212
Aylailly Balaad) HF diplay cpapls dilayst = ¢ (e Aaiall Licaalall GliSyal) (ol s a2 (10) Jaal
Comp. Pkaexp pPKaiheor ApKa
1 10.5584 10.10358 0.45482
2 4.8724 4.63728 0.23512
3 4.5412 4.433536 0.107664
4 2.6218 2.859712 -0.237912
5 3.1710 3.206155 -0.035155

b Al By b bl Cpglal GBS HF dipla & dyliie ()5S dinh Jemdl o) HE 5 AML Gl b bl G cps

ol s Aad a8 dalal) ods Adled eday Lee Aoplailly Aleal) (bl s Ao

CulS LSyall il il Aplailly Tbeall ) (o AR pasy (e Aa3 BLEY) Dl a8 o (V+, ) Clsaall Gaw
oo Boland) st ) il ol HF daylay Lsend) o) s ai o) e Szt i) e AML, HF yihall 4l

. AM1 4k

12 - 12 4

10 y= SAYox + «,YAYY E 10 y=~,q°'Wx+',
- 8 8 - RZ2= +,44¢Y
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o (¢B)
56 - N
© 2 -
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Lleadl s Qilaysd — ) (e Al Lcaalall lSpall pKa ool culs G dasbad) 28D £(V) J<al

- HF , AML (yishalls Uylas & guenally
Slalitiay)

Ghhlly ( AML (fiug) dyh) dnaill and Gkl Jich Allg oda Wy 8 oSl il Ghb aladia) Gl
Oyl Qe ysi () (e Aiidal) Lcaalall USHall ) s 08 Clead caaasind Al (HF) 4yl Al dala)

028l dleal) Zuahal) ae 31535 AR il Calael HF dasyh )
O did) padall LAl Gl culg al Glea AW, St llaal 5 ) chatall s Al @lBle 35as

Al 28 Gaals dlays =0

Slleall 3 HF ke Zuball sdgy leaniod Lokl ail) ge Gl Zaball 3 dlead) ol 0 (o)l 253

Ayl

A

Y

¥

Glua gil)

) Ajlay (oA e Gluhial (GA) Gl Ao HF Lk gl
il sl sa Apeas (9a) Dlee Cluh aa Luilhey HF iy aaly IS8 chariall Gaed il culs Ly
g yaall Alenl) geilinl) ae il

0 ss) adlse & NH2 0aals NO2 55555 CH3 Jie degans S (9a) Cliaisad pe dncaslall GlSjall dolee dulyy

dlenll 0al aa Lgbliag Led () Culs Gluag P by M isag
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