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Introduction

Details of applied methods 1.

o The time-independent Schrédinger’s equation:
HU = EV (1)

e Using the Born—Oppenheimer approximation [1] the motion of electrons and nuclei
are separated and can be solved independently:

f1(r, R)®i(x, R) = Ei(R)®:(x, R) (2)
[7a(®) + Ei(R)] O (R) = Eir O1(R) 3)

e In our work we focus on the solution of Equation (2), all calculations were performed
using the Gaussian 16 C.01 [2| program package.

o The examined chemical systems contain 31-37 atoms.

o Ab initio methods (e.g. MP2, CCSD) found to be extremely time consuming.
Therefore, the DFT [3]| approach was our choice. AG}I‘S?,O = 28.90
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Introduction

Details of applied methods 2.

o The M06-2X hybrid functional [4] with the correlation consistent aug-cc-pVDZ, and
aug-cc-pVQZ basis sets [5—7] were applied:
o M06-2X /aug-cc-pVDZ: geometry optimizations (using tight optimization criteria
for the structures [8]) were performed to find stationary points on the PES, and

harmonic frequency, thermochemical analysis were also carried out — Gg%?fr ot
)

o M06-2X /aug-cc-pVQZ: single point energy (SPE) calculations — EfStal
o The "SuperFine" integration grid [8] for numerical integrations was used in each
computation.
o Implicit solvent model: SMD variation of IEFPCM [9].
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Introduction

Details of applied methods 3.

o The total Gibbs free energies were computed as

total __ total corr
G _Espc e opt,freq> (4)

where g;rt‘,freq is the Gibbs free energy correction, determined at T' = 36 °C, and

p =1 atm in order to simulate the body environment.

o Knowing the activation barriers (AG?), the corresponding k reaction rate constants
were calculated using the Eyring-Polanyi [10-13] formula:

kgT AGH
e exp(— G) (5)

h RT

o The lowest k constant is the rate-determining step of the reaction, the corresponding
AGH* is the highest activation Gibbs free energy.
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Introduction

Metabolism of biogenic tryptamines
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Introduction

Iminium ion hydrolysis
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Results

The examined reaction

o The hydrolysis of N, N-dimethylindole-3-ethaniminium cation (imDMT ) was
examined in three different ways:
o imDMT" + OH™ (Rp)
o imDMT" + OH™ + H,O (R1)
o imDMT" + OH ™ + 2 H,0 (Rs2)

(ﬁj? o
Qs e s
? 9 \b O H' ‘C
4 &7, 8° v
< g o <
I \ H I
(‘5 ; c P (¢] ‘0‘
Q /N ©
O Q (@)




Results

The reaction steps

o The overall hydrolysis process includes the following steps:
@ Nucleophilic addition of OH™ on the C atom
@ Inversion of N atom
@ Concerted proton-transfer from 'O to N — rate determining step
@ Dissociation of the zwitterionic aldehyde-amine (indole-3-acetaldehyde and
dimethylamine) adduct

Reaction AGY / [keal mol™!]  AGH / [kImol™!] k/[s7!]

TS1o 0.88 3.68 1.13 x 1012

Ro TS20 6.91 28.92 1.68 x 107
TS39  28.90 120.93 4.27 x 1011

TS4o 1.43 5.97 4.11 x 1011

TS1,; 2.56 10.72 5.07 x 1010

Ry TS2; 6.01 25.15 8.82 x 107

TS3; 10.44 43.70 2.50 x 104

TS4, 5.01 20.96 5.59 x 108

TS1s 4.60 19.24 1.19 x 10°

R, TS2 7.45 3l 6.24 x 109

s S35 5 68T 26.65 4.56 x 107

TS4> 6.79 28.39 2.12 x 107



Results

Gibbs free energy profile of the reaction.
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Results

3D structures of T'S3 transition states of the rate determining steps




Summary

Conclusions

o The concerted intramolecular proton-transfer step TS3g requires the highest
activation Gibbs free energy AGEFSSO in Rp.

o The addition of one, or two H,O molecule(s) in R; and Ry opens up the possibility
for concerted intermolecular proton-transfers TS31, and TS32, which decreases the
AGEPSSl and AGE}S32 activation barriers. The differences of Gibbs free energies
compared to TS3( are:

s 2 i i = -1
o Ri: 6(AGH) = [AGigs, — AGqgs ] = 18.46 keal - mol

o Rp: 6(AGH) = [AGhg;, — AGhg,, ] = 22.53 keal - mol~!



® Thank you very much for your attention! ®
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