FMO /EDA study of 1-hexyl-4-(2-methoxyphenyl)piperazines
as ligands of serotonin receptors
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Background

Methodology

Long-chain arylpiperazines (LCAP) are one of the commonly studied The structure of five derivatives of 1-hexyl-4-(2-methoxypneyl)piperazine complexed with two
classes of bioactive compounds due to their potential therapeutic serotonin receptor homology models (5-HT,,R, 5-HT,R) were investigated by means of quantum
effects caused by interactions with different subtypes of serotonin mechanical methods: ONIOM (Our own N-layered Integrated molecular Orbital and molecular
receptors. A number of studies have been aimed at examining the Mechanics: M06/6-31G*:AMBER) and FMO (Fragment Molecular Orbitals Method): MP2/6-31G*,
impact of LCAP structure modifications on the affinity, selectivity and water (PCM).

function at a given receptor protein [1]. Firstly, compounds were docked to 5-HT,,R and 5-HT,R (Homology models based on 5-HT ;R

[1] Kowalski P. et al., Arch. Pharm. Chem. Life Sci. 346 (2013) 339-348

template). The missing hydrogens were added and than structures were fully optimized with ONIOM

approach. Consecutively the ligand’s stabilization energy was calculated with the FMO /EDA method.

5-HT. , Receptor

\ _L
5 \. \"-, 40 B e O e e e e e e e e e B e R |
\ ) | | | | | | |
)m
\ i
'- E
] Asn362 L == <40 —

X o

. )

V4

&Lf

-80 —

-120

Phe338 —
Phe88 — - -

Ser158 —--

Thr172 —

|

|

|

|

|

|

| |

| |

| |

|

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

| |

o
o~ N
v O
™ ™
S g
< <

| Phe337

40 —

kcal /mol
A
(@]
|

Lys160

f \
g o
! "\} ’/

o

-80 —

-120

40 —
| | | | | | | | | | | | | | | | | | | | | | |

kcal /mol
A
(@]
|

[ N T R T
[ T T R B
[ T T R T
[ N e R T
’ [ T T R T
=4 7 RN
v 1 1 | | | 1
- ﬂf‘ ) [ T T T B
' Py [ T T N B
V. L\‘ﬁ v *\ Yo I AN N S [T R T | -
v " - [ e R R T T~ T~ 7T71 [ T
y \ A - : [ N T T T [ N T T | [
Y VQI93 . ;‘»S\h I T T B [ N N T | [
i [ T T R T [ N R T \ | I
- [ N T T [ N R T \ I
04 [ T T R T [ N R T | | I
— [ T T I [ N R T | I
- [ N e R T [ N R T | i I
/ 1\ N | | | I I |
- [ T T R T [ N R T | I I
7( ” ! [ N R [ N R T | I I
 _.Thrl72 A0 A
TUONODOVOOVONWDVOOVVWIONODULNNNOGOOMONOS
~ 202 2252032830 3 ccr oy
2 0« O=2L=-3 o O£ <+ K >
<< z2g<¥0*"= EEvorFF EFX
40___ - - - e et el Sl i - - - - i Tl Bl i - - - - -
R T T S e
|
0 -
o o I I |
I I o o o
o I o [ [ N I
[ B I [ N T B [ N T T |
[ I
[ I I T T T T Y S S SR S B I
[T I T T T T O T S B S B | I
[ T I T O T A N R R I I
— [ T T T S S H N S B I I
g [ T T T T T S S T N S B I I
<40 o S St i e Mk Rl Rk Tk il it mi el i l
e [ T T T S S E N S B I I
O [ T T T T N N A I I
4 =< [ R T T O S S E N S B I I
[ T T T O S S H N S B I I
| | | | | | | | | | | | | | | | | | |
[ T T T S S T N S B I I
[ T T T T S S E N S B | I
| | | | | | | | | | | | | | | | | | |
[ T T T S S H N S B I I
o R e e e | I
_8O~ | | | | | | | | | | | | | | | | | | |
[ T T S S E S B R I I
[ T T T T S S H B S B I I
| | | | | | | | | | | | | | | | | | |
[ R T T S S H N S B I I
[ T T T T S S T B S R | I
[ T T T T S S T N S B | I
[ T T T R S S H (N S B I
[ T T T S S T B SR R | I
[ T T T T S R R N S B I I
[ T T T S S E N S B I I
120 +-r-1t-1-4 Tt e el el e B B B B e e i T - -l
I - s I A B B B N
ONANVOVANOVOVOITOTONONOVOULNITONM
23222522 28385 2F 2223
—_ ) _——
<< 32IY 0= ExwrFFF  EF
40——— - - - i Bt Bl Bl el - - - - i Bl Bl el - - - - -~
R T T R R
I I I
I I I
I I I
I I I
I I I
I I I
| | |
I I I
I | |
0 I I I o
I I I [ T T
I I o [T T T T I
I T (L T T B B [
I (T T T B B [
I T (T B B B [
I T T T R T Y B o 5
I T (T T B B [
— I T (T T B B [
g | I I | | I | | | | | | | |
£-40 — e i e Hl Ry Sl R i e T
Ko T T T Y R S R S B [
O T T O N R S R S S [
5 =~ T T T S R S R S B [
T T T Y R S N S B [
T T T Y R S R R B [
T T T S R S R S S [
T T T Y R S R B B [
| | | | | | | | | | | | | |
T T T S R S R S B [
I R o
-80 — [ e e e e e R R R T
T T T R R SR B B [
T T T T H B S SR B B [
T T T T H R R SR B R [
T T T T R S (N R B I
T T T T E R S SR B B I
T T T Y R S R R B I
T T O T R R SR B B
T T E R S S B B I
T T T Y T S R S B I
T T T Y R S R S B I
120t -r Tt oA il el el sl el Bl Ty Bl el el el ol T -
| | | | | | Il | | Il | | |
1T 1T 1T 1 F—r—Tr—1r—1T-T T T"T"1T"1T 1T 1T 1T"7T"]
— O NN OVANOVNVOOVONONVLNITOANM
S8 95220203285 EEEF 2R
<< << 0= SfzuvkFFF £¥F
c I i

The FMO/EDA analysis showed that the 2-(piperazin-1-yl)-methoxybenzene moiety of considered ligands forms very strong salt
bridge between the protonated nitrogen atom of piperazine and Asp3.32 (Asp?2 or Asp?3 on Figures). However, the
hydrophobic interaction of the methoxybenzene ring with the aromatic cluster of TMH6 (Phe274 on Figure), were observed only
for 5-HT_R. The performed calculations are helpful in the interpretation of the experimental affinity of the compound to
receptors, as well as they provide the reasonable binding energies and binding patterns of ligand-protein interactions.

5-HT, Receptor
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