wa Predicting pK, Values of Flexible Polybasic Tetra-aza Macrocycles

Tatum K. Harvey, Kayla N. Green, Benjamin G. Janesko®

Department of Chemistry and Biochemistry, Texas Christain University, TX 76129

Method and Theory Introduction Optimizing Workflow

Access to Different Energy Calculations

Pyclen derivative are not neutral at pH 7 Characteristics of Testing Set

)

e

Predicted pKa

Comparison

Fully protonated
pyclen derivative T o * @Gibb’s free energy is the proper energy component to calculate pK,
N y; = "= - H=
5 ﬂ possuh b oot " 2 NN E=E|I,-I i;[iHH ' ’ * Gaussian 1s notorious for lacking the ability to account for entropy including in its calculations of Gibb’s Free Energy
eprotonate.py protonatlon X0 > Preoptimization PN -
comblnatlty b ki 5 R=CF,. R'=H Absolute Errors for Different Energies
7 Na/ 0 ' R=CN, R'=H
@g& @ 2o Conformations v iNe [HL)) 35 ¥ ‘o ‘o o Energy Change Change
Linear Regression|  Raw pK, data |, Gaussian with best Gaussian job ' B ' 0 A o :0 ‘ Biocompatibility l Eraec?icals |\/F|)0é5|%/)l( ) 0.899 0.89 0.896 B3LYP-SMD B3LYP-def2-SMD MO062x-PCM
(01.out) conformation files ’ N 2N ) T W Gibbs free Energy M Enthalpy Change M Total Energy Change
method is CHY/ \ H \ H, CH
; ' [Ha(L2)]** [HN g iNH === HN: o iNH == B g PN == HNG g 1ot : : : : : :
determined o (AL 5 .y Objectives: Accounting for Various Conformations in Solution
. : : : : . Sl N R, molecules Crest Best Free Energy vs 1-5 Output Files
Accurate pK, Predictions Require an Appropriate Environment via Solvent Models | . ~ By (o) N° Obtain accuracy across multiple pK, values JY ’
' | ) ' | NN A conformational analysis tool, measurements of Gibb’s Crest 1-5 Output
H,O Solvent Implicit solvent model Explicit solvent model P A A ' i} Free Energy tend to disagree on the most stable
NaCl — Na*+CI PR " ? N K1 0.608 0.776 0.168
GJJ\(‘Q ) i b » Predict pK, of potential neurodegenerative drug PRe !
| Indicates most stable resonance structure pKaz 0950 0892 l 0058
Gaseous | * « Implement workflow as a drug prescreening procedure.
NaCl -  Nae+Cle M ld O pPK 4 1.073 1.599 1 0.526
Multiple Conformations of Neutral and Protonated States Must be taken into Account _ N i 2 i | , Averaaed Gibbs Free
* Current Workflow can achieve an absolute S A energy from lowest energy
Using CREST conformational analysis, we are able to obtain the lowest sights |
energy conformation for the favored protonation state y =0.9088x + 0.6501

R=NMe,, R'=H
<. | @ Q ) :f - [L1] | J l \N\, | f  B=0OMa R'=H {«ﬁv ‘ff Absolute Error Overall for all Derivatives
. oA | 10.33 | +H' [H(L2)]° H\Ni : N > HN: . { - H o - R=H, R'=0H GIbbS fl’ee
N > ' 2 N : L. (N N7 (N o
@H f ’{ \ ; N ok N i Methods Enthalpy | Total Energy
7D < @ - .
*(& (10-1000) ‘ AN AN 2 AN N ONE Antioxidant characteristics: _
9 o i ANEN AN, B3LYP 0.989 0.933 0.933 :
L%, , 7.83 : H H. , o . SMD
’t“ : P [Hz(LZ)] HN: ‘t]: | . : ,,,: » e : . - Metal b|nd|ng aC“Vlty l Ox|dat|ve .
° Convertto 9 g5 - Radical Scavenging stress B3LYP-
readable Activation of NRF2 and Grx1 def2-SMD 0.967 0.937 0.945 '
au55|an file ' | Pathway .
(01.gjf) This is where the NH [Ha(L2)]*
« Validate current workflow with polybasic flexible
W  |In transferring between Gaussian and the CREST i _
NN Optimize workflow g Best Free Energies (M062x-SMD)
candidates within accuracy : : :
5 Lowest Conformations for Favored Protonation site oK.3 1,629 1.299 1 0.330
Overall 1.151 1.095 | 0.056
Environment Greatly affects chemical outcomes ‘ 7 alidating the Workflow
error of .900 pK, units across all protonation Measured pK, vs Computed pK, (M062x-def2-PCM) conformers
R? = 0.9088

: : : 3rd Conformation 4t Conformation 5t Conformation
Error in relation to Experimental Data for 1st pK,

Neutral 15t Protonation 2"d Protonation 3rd Protonation . - Improving Consistency of Terminations for CREST

Before adding preoptimization: After adding preoptimization:

H-Pyridine « Abnormal terminations from coordinate files through CREST « Consistent Terminations of CREST

derivative ‘ @ ﬁ | -  Lack of reliability, resulting in more work to fix missed calculations  Reliability and increased efficiency through workflow
(H_PyN3) ; ' -, . o

Termination r‘
MO062-G(d,p)-PCM(w/ OH  M062x-def-PCM(w/o OH : . . 6.00 8.00 10.00 12.00 _ / o
CREST | Conformations

All possible _ . Preontimization Conformations
protonation P I_CR >| (10-1000) |-

combinations ;’éf
& ¥

’| (10-1000)

= Unfit =Fit = MolgpKa

Tetra-aza Macrocycle predictions

rdited i, vis o s L Implementation of Workflow

Molecule
11

o
A

7.72 Novel Tetra-aza macrocycles with Metal-binding ligand properties Predicting pK, additional potential derivatives

;53 unknown experimentl pK, 5 Acknowledgements

10.04 Calculated using MO062x-def2tzvp B [ 'L * MO62x-def2tzvp — with

9.09 : i | SMD implicit with Liner P . .
with the SMD implicit solvent model T -
P . . Welch N\ TCU High-Performance Computing re S E a R( : h

851 | L J ;l | o regression will be_ _Used B NIDTAT 1O Center and David Freire . . LI
- cience an HEIII'IEET'IF'IQ 2searc enter
7.14 Results are chemically accurate to to predict additional

6.66 changed functional groups | . HEH I | ' tetra-aza macrocycles National |nsti.tute of. AC S LOCal Section

General Medical Sciences
6.39 W Dallas-Fort Worth

12

13

14

NI, I[NNI




	Slide 1

