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Density functional study of structure and property of fluoropezil

SUN Ting-Ting, WANG De-Tang
(School of Chemical Engineering, Xuzhou College of Industrial Technology, Xuzhou 221140, China)

Abstract: Fluoropezil, now in the stages of clinical testing, is a novel anti — Alzheimer’ s disease drug candi-
date. To investigate the properties and functions of fluoropezil molecule, the density functional study was carried
out in this work. Based on the density functional theory ( DFT), the geometrical configurations of fluoropezil
were optimized by using B3LYP method at the level of 6 =311 + G(d,p). The vibration frequencies were com-
puted at the same level, and the calculation results show that all the 12 geometric configurations are stable, and
the configuration DC20 -1 is the most stable one. The reorganization energies of fluoropezil were estimated based
Marcus theory, which finds out that the molecule has no transport properties. According to the highest occupied
molecular orbital (HOMO) and lowest unoccupied molecular orbital (LUMO) , it reveals that fluoropezil has the
properties of electronic transition ability and intramolecular reaction activity, and the reaction sites are C15,
028, C23 and 026. Based on the simulation results of the infrared absorption spectrum (IR) and the ultraviolet
— visible absorption spectroscopy (UV — Vis) , the spectral data were concisely analyzed and discussed, and the
research results can serve as a reference for the characterization and identification of flunorepezil.

Key words: Fluoropezil; Density functional theory ( DFT); Reorganization energy; Frontier molecular orbital

(FMO) ; Infrared absorption spectrum (IR); UV = Vis absorption spectroscopy ( UV - Vis)

12 = (2RI TYER, TN 2Bk T RIET- £
= U HATZR MR TR 2y, N Re
B R 9K 0 R e — RS BB I M R R 2ok s etk bl R 1 2

Weis B HA: 2023-06-25
EEWA : YUV AT BRI H (KICISFW2019092308 )
BRI I (1981—), Lo, B, EEMITLEHAAEAEA I E-mail: sun@mial. xzcit.cn

021006-1



FA2E R _F 5 %

2h

T ¥ B F R F2H

ST CBHBRAEBRR T B T R B 2 T AE R
B . IR 5502 B 245 W A 5 T A A 1
— Pl BRI £ I IR R B SRR, A — 2k
Y ZIRURST, HORT < T IRk B Bl EL A B s Y 3
BEERIIRIER, B—1%4e, AR FE
(AT RAT 7R PR T SR I IR e 245 4, AT R A7 Y A
2GR RS IR S 1 A T I PR B B
AT TAE B iB /b, SR BEG 1 2 4 R &R
XFFRAIR ST 24518 8 125 g ALt oE, kB
AP PR AN RO I 4 FE Bb % 2 )0 A, B 2y
Yk e 5 R 25k B BLAA R AF AR DGR, IR
EAE NBEE R U R 55 0] 25 BB IS YRR i, DA
BT R 00 TR BB . e T G IR
FREZAER L B AT pF R B E b, AR
SR FH 4% B 17 pR BRI X S0 DR 57 2R AT IF 9T
PS8 7R 2> T B0 B A s g
2 HEFE

A TR I 5 v pR BRI I GO9 #R A4
fl®) 52 A, IF & B Molclus 1. 9" " Dushin'® |
Multiwfn 3. 7" S5 5 X i A SC PR RV i 45 47
JnCAREE . FIF Molelus 1.9 &7 1 T0I 150 52448
K, KM H B A CEH 0% Iz Rk
( DFT) X 9804 R 55 4 F i AT LT S5 i i fl s % &
BTt ¥R = R A LR 6
=311 + +G(d, p)4i TRH" . NIES 745
R e, TSR R, RIEPRE S

Haz

IR ATERE, AR B IR YA H G A L], B
FE T3 TR . FELAR R > T4 RIS |
R FIEARE . ATZPLE (FMO) , i Xt
WFFERFAL 1 iz iy A4 =2 S MR sl 3
FLAMENE (IR) 5 Ah - Al WIRWOEHE (UV -
Vis) , AF R RAEMEERIFRAIRFT 19 HIE S H K

3 HREM®

3.1 JLa4H

IR 55 19 0 1 O Gy Hy, F, NO,, I
Molclus 1. 9 FEIFHATHI G RAEER, 155 12 FiH)
AF% DC20 -1 ~DC20 — 12, {ifi F G09 %43 1F
B3LYP/6 -311 + +G(d, p)/KF TS ZRIF
HATIEIRIIR T, UESE T A A R I fe et A
WG IR 2% 2 A i, 153145 7 TR 0 40 A
o ] 4K W K: 39.07% . 27.84% . 10.36% .
6.87% . 4.85% . 3.36% . 2.30% . 2.03% .
1.10% . 1.02% . 0.69% . 0.50% , 1], DC20 —
1, DC20 -2 W R &5 7E 12 Fhor F A b oy
66.9% , TN RIGEIRFT /5T EEME .
e 1 FoR, PR G 3 2% R R BT I
B, DC20 -1 #1 C5 - C6 — C13 — N8 Hy -
145.3°, DC20 -2 1 C5 - C6 — C13 — N8 W
144.8°, FiHmaeE 23R /N(0.8 kI/mol). Hif
WHE, DT HRER AL AL 8 DC20 -1 1k
RATTIR BSR4

Hag
Has u H“n Ha:
@ @ - 1
Ha Hso “’ Hs& . g 5
“~ 14530 & © Hes * “ ® ® Hs2
H~ s ?
’i 0 Hss
Ha Hs
Hy =
(a) DC20-1
Qe
Has e ™~ MNP - | Y h @
C: R @ \ e ®
v 144.8 f2e Hae
’112 & & s Y w H? ‘ “: N~ % . " Hss
“ " w & t ef‘he “ -
Q! Ko o
e b H? He b e
(™ o
(b) DC20-2

B GRIIRST 70 T A A SR

Fig. 1 Two major conformations of fluoropezil
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Table 1  Hole/electron reorganization energies (A(h) /A(e) ), ionization potential (IPa) and electronic affinity (EAa) (eV)

Conformation Ay A, A(h)

Ay A(e) [Pa EAa

DC20 -1 0.285 0.254 0. 540 0. 149

0. 165 0.314 7.123 0.276
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Fig. 3 Contributions of vibrational modes to the relaxation energies of fluoropezil
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Fig. 4  Frontier molecular orbital densities of fluoropezil
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Table 2 Frontier orbital composition analysis result ( >1% )

Atoms Cl15 Cl6 C17 C18 C19 C20 C21 C22 €23
HOMO (% ) 14. 637 11.268 2.798 11.273 11. 681 6.385 1.922 - 2.463
LUMO (%) 3.328 12.912 5.211 7.304 8. 449 10. 160 1.107 2.678 19. 787

Atom C24 026 027 028 029 C30 H46 H48 H49
HOMO (% ) - 4.619 9.717 14. 436 1. 499 1. 008 - 1.019 -
LUMO (% ) 1. 098 15.916 4. 448 - - - 1. 446 - 1.770
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Table 4 The excited states of fluoropezil molecule
PR figit (eV) A (nm) PRFIRSE HIARRIE TUHRALEE ( >10% )
Excited states Energy Wavelength Oscillator strength Orbital transilations Contribution weights
2 4.1344 299.9 0. 1748 HoL 88.1%
5 4.8117 257.67 0. 1462 E::T; g; ZZZ
12 5.3625 231.21 0. 052 HoL+6 80.5%
H-5-L 10.2%
14 5.3717 230. 81 0.2718 E;ﬁ; i; SZZ
HoL+6 11.6%
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Fig. 6 Ultraviolet — visible spectra of fluoropezil
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