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Abstract

In this study, the structural, electronic and energetic properties of the basic nucleus of caffeic acid
were studied by several theoretical methods such as DFT | abinitio, PM3

In the next step, two QSAR models were developed using the MLR method for 16 caftiec acid
with activity antibacterial. The descriptors used were calculated by DFT/ B3LYP/6-31G' method
inGaussian09 program, Hyperchem, swissADME .......
The prediction ability of these QSAR models were evaluated by (LOO) method. A correlation was
observed between the experimental and predicted activity values, which indicates the high quality of

QSAR models obtained.

Finally, the pharmacokinetics of the compounds were predicted, 1.e. the effect of the organism
on the drug during its movement inside the body through 4 stages known as ADME, and this was done
by studying the drug-likeness property, as well as predicting the probability of intestinal absorption

(HIA) and Permeability across the blood-brain barrier (BBBj.

Keywords : QSAR ,DFT, drug-likeness property , ADME, caftiec acid.
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* AMBER: Assisted Model Building with Energy Refinement.

* CHARMM: Chemistry at HAR vard Macromolecular Mechanics.

* OPLS: optimized potential for liquid simulations.
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e MMFF: Merck Molecular Force Field .
e UFF: Universal Force Field.
*Dreiding: The Dreiding force field.
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szl 3-IV) Jsadt asteSly 3l lislydl o Hod) s sl & oMlall oy spad)
26SPSS slaxy! byl

tmslen blas S Sla| 2358 Jo JpamIRMLG Ly ) fosdl ¢ &) il W oo
Staphylococcus aureus. (ATCC-25619),:SW Lpe biss 1 2350 =

g.éj‘ C}}&-J‘
log [MIE'UJ =1.566+ 1930 HF — 3.305ME + 1.307ELUMO — 1.149ET + 1.723Nroth
n=16; r= 0.900; r 2= 0.811; ES= 0.110623; F= 8.563
log (Mfﬂ'lJ =1.735 - 1591MRE + 1.601ELUMO — 2.605TP54 — 1.590HF

+ 1.281Nroth + 0.643DM

n=15; r= 0.939; r 2= 0.881; ES= 0.076594; F=9.893

(ATCC-2536yEscherichia coli S Lze blas 12 23,01 =
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‘;‘5‘ C':j.a.ﬁ\

J =2,156+2.276HF — 3.525P0OL+ 1.537ELUM0O — 1. 616ET
+2. 062Nroth

log (Mf{'.'l

n=16; r= 0.846; r >=0.716; ES=0.151757; F=5.034

1 [—J = 2.042 + 2.736HF + 2.010ELUMO — 1.226ET + 3.546Nroth
08\MIC2

—4.5435AG

n=15; r= 0.941; r 2= 0.886; ES= 0.101178; F= 13.941

P

i et B LaR2 e il g)lalt Ty ES( L) LUV b £ LSW sasm
Staphylococcus aureus" ATCC-y LSl Lt blas " LoV dorgledl AJed) il -

Salas Jadl #3586 Jo sl 5 ¢ V) Z3sadl o Uad aslasblhesins an 25619
ol WY e 6CSdl Jo sl o5 9 coutliery steza¥) ai b Lulisan) sdo iilas]
o Wad o e 15 0 clam Yl ades U5 F i)y dgmd) Rl B 0 3 ST s
A z3sad

' (ATCC-2536yEscherichia coli 4K Lz blas " LW dord o) Al adl sllis™ -
s staahoutlier) stV ad b Lalsaaly sV m3sadl e Wlad ilas] ollas dde Aoy
2 23l e ot 5 (S 15 O el Y Blee Uy ST¢ (( 26830))

i 055 Of g Ulo QSAR 5558 0,50 (S 515 0 P Julban o e —
[8]r*>0.6

35 bl 205l (1=0.941), (17-0.886), 17350 (r=0.939), 1°-0.881) . -
PMIC2) 5 PMICT) st Js dorgd st alaziVly ailosdl) taisand) Slislg)l cn bLY)
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33b) J) 258l jam olizad Oeadd 2l 8545 OF 2 23l Log P ot Jalall o —
- i) bl

bladl 3 2] ) op il pall 55l 0F 1 zasadl (3 (ol piall ol Jalall iy LS
W

@35 3)lsl Lty I sae ol OF e em3sedl 3 ROtD 3510t Lasly )l suad CIL) elall Joy -
L sl bl (3 5o )

dl @y LSadh Bl @ sl of ) 2 23 3 HE JSCad 8l ot Lol ey L™
C e bladl 3 ol

@ ool Al oy Blall 3 340 ol o) ) cerdsed) GAE Bl 3 3l CILY el s, -
L mslad) blad)

@ i amgde ) 2kasY s RML U IS e Wede st @ g oliold) G LY B5hune -
o) bLadl aag and) sy dade ledke famdl oliold (3-IV 4-TV) sk
LSS Ll el bledl by 9 aee Sl Blee U MROT moy (4-IWJpatt
SAG of g 3- IWdsadt 5.(48.290) «ii S LUzl Staphylococcus aureus
L) s» Escherichia coli S Ll ~glsd) bladl (83.7%)  bly) 2 55T 4l
S

:QSAR g o Gad-5-IV

Ll IV o Lm0 LiE Lede ol 230l LOOu by ablid) i) 25 Ladozal
PRESS, TSS, Spress, R%4, Rcy, PE, PRESS/ : aJul aslasy) oduled
(3-1IV)J,4TSS
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Logd/M MR ELUMO TPSA HE Nrotb pn
IC1,
Log1/MIC1, 1 -0.482 0.502 -0.024 0.142 -0.166 -0.487
MR -0.482 1 -0.140 -0.155 -0.103 0.670 0.366
ELUMO 0.502 -0.140 1 0.613 -0.045 0.226 -0.134
TPSA -0.024 -0.155 0.613 1 -0.637 0.036 0.460
HE 0.142 0.103 -0.045 -0.637 1 0.461 -0.432
Nrotb -0.166 0.670 0.226 0.036 0.461 1 0.132
p -0.487 0.366 -0.134 0.460 -0.438 0.132 1
27350l LUV Bgiae 1(4-IV)Jgund!
Log(1/MIC2, HF ELUMO ET Nrotb | SAG
Log1/MIC2) 1 0.141 0.311 0.004 0.037 0.057
HF 0.141 1 -0.616 -0.517 -0.286 0.214
ELUMO 0.311 -0.616 1 0.475 0.256 0.076
ET -0.004 -0.517 0.475 1 -0.446 -0.720
Nrotb 0.037 -0.286 0.256 -0.446 1 0.837
SAG -0.057 0.214 0.076 -0.720 0.837 1
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3 e gl SBalas (5= IV Jguandl

Tiged! PRESS | TSS | PRESS/ TSS | Spress | R’y Rzadj 6PE

1-pMIC1 | 0.047 | 0.395 0.118 0.1130 | 0.2483 | 0.881 | 0.2873

2-pMIC2 | 0.092 | 0.806 0.114 0.5589 | 0.6245 | 0.822 | 0.1191

FOST) Jgde g Flo QSAR #3401 Jsill LSk
Z3bel) ) ST Laalys IV e acde Wt Lo tds 5 ¢ 0.4 0 5T PRESS / TSS as _
.(0.375500.4641y 3y Jlsdl e 251
Sl 06w s R RPcy) e ol s QSARL 2358 58 wpondd ol Sl _
s de 2 51 35000 0.3755 (0.3755) 5, 0.573 (0.5359) s Lede Lol
J raise WS g5kl QSAR 5L gb colgadl 3 Wbl 33 wh ol bl Spress _
Agnd) Zemgledl WasY) Cp Bpae ke o8 U 23l USTO0 UL pese e (0.200>) Spress
A e 0.5589,0.1130 3V e Jamall il 0U ain 5 caadsills
F o il Zisal Bgad) 5l i iy 2T Julas ¢ BLGY) Jolas gl e ga (PE) _
J11] 5o g 50 51 3V adis OF 4 ety Lo 83 23l 3 1 > O6PE Loadl clizal
0.941>0.1191) « (0.939>0.2873) : Lt e 21 z3lall byall aiae 51 Lol
i e
log G a=.l 22l 3y log (ﬁ) pred L. a-lasel & Oles _
LSU 3 pMIC1 Escherichia coli eSS absll as) w%(ﬁ)resd
«(Ey-3-3,4-dihydroxyphenylyy «u::l Staphylococcus aureuspMIC2
(7= IV Jgady )5kl 230 g0l 503 il 2T 2z b ewsacrylic
sl e IO adedly 2all )l oy @ QSAR 23U s 3 omgte Uast 55mmg o o)
2— 5 A-IV) 5lad 3 mose 58 LS ¢ i) il IVpMIC2, pMICT a5 i
12] . o T 55y s ) o) 21 S o 35 w5 nie (V)

sl e oliad iy 28 slly dy ) dmgly) dla2i o3 16— IV)Jgudt
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LSl Staphylococcus aureus Escherichia coli

log (miﬁ)exp log (.wiﬂ) pred Resd log (}”ic_z)exp log (”:'CE) pred Resd
1 6.284 6.452 -0.168 6.248 6.515 -0.231
2 6.319 6.524 -0.205 I I/ Il
3 6.658 6.566 0.091 6.658 6.625 0.032
4 6.347 6.360 -0.013 6.347 6.334 0.012
5 6.078 6.197 -0.121 6.076 6.072 0.003
6 Il Il Il 6.678 6.618 0.059
7 6.699 6.545 0.153 6.699 6.597 0.101
8 6.398 6.242 0.155 6.398 6.292 0.105
9 6.208 6.315 -0.107 6.208 6.298 -0.090
10 6.538 6.656 -0.118 6.538 6.544 -0.006
11 5.883 5.955 -0.072 5.883 5.887 -0.004
12 6.481 6.382 0.098 6.481 6.484 -0.003
13 6.638 6.597 0.040 6.638 6.630 0.007
14 6.319 6.391 -0.072 6.319 6.359 -0.040
15 6.432 6.283 0.148 6.432 6.425 0.006
16 6.155 6.081 0.073 6.155 6.106 0.048

pMiCpred

B.400

6.300

6.200

6100

&.000

5800

5.800

y=0.73+0.88%x

5.800 5.900 6.000 6.100 6.200 B.300 6.400

pMIC
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Simple Scatter of Residual1 by pMIC
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A et sl e ADME] Ul 2yl ol | ¢
S G a3 TV) IS S 546 plasanly LIS jaa Slizieg
o SwissADME

[13 ].[(2022 ,L28 2 4| Uswsl #) /https:/[www .swissadme.ch]web

(DrugLikeness) &34 4idl Lol duwlys—7-IV

Lyl )l aflasty ¢ agaSOYl msly ¢ oWl 08y Bl atlasd] dine Ojls 5 AVl nddll Gl
19591 sy Syall nb sgp) OSTI3) Lo sad Gl ASCA) lendly(@g by (s aommy ¢ Ay, Lo
a3 al)

S sde Ola Gk 5 Rl 20501 25 3 L LS aed Jloll alad) el i o
bkl Bk gl Muegee 5 Veber, Egan , Ghose, Lipinskiuciss 2ol
Sl we 29Y1 wles k) SWISSADME ool ) ool 231 slasly 25Vl
[13] WS 2y 3yl
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[14]adld Ly, adt ime $sgc Lipinski s 7o "aedh 3ael” ol o F 3025 g ¢
500uma solus of oo 5l agdl dS m
(OH \NH clegazy oyl il lesas Bl 5154 =
(O,N clogezy pmgybgl iole wlegez B 110U =
5 soli ol e BT logP s m

[14] :Ghose sus6 —2-7-1IV

P sl e 20330 sl by s saeldl) sl sud
0,4 <logP<5,6 =
160 <W <480 =
20 <nombre d’atomes< 70 =
40 <MR< 130 =

[14] :Veber sus6 -3-7-1V

109,27y VeEber b gl wlaslll ox Oleg Slin ¢ QW1 (gsadl) mslsed) 31l =T s

10 >N g)s sl Laslg )l sae ®
140 A>> (TPSAyiLill abod 2ols
[14] :Egan sus6 -4-7-IV
AW e sl Bl el e by (nb ity Basl) oda 50S
logP< 5,88 =
131.6> (TPSA)Lil ol 2>Loe
(TPSAyLLil ~bd als ®
[14] :Muegge susts —-5-7-IV
AU sl e 293V andl Ly s aeld) sda sud
200<MW <600 .
~20<LOGP <5 .

54



ADME gilas 3 QSAR iiad — Ly 1S 81 &lys il JI foadl

. TPSA<150 .

T Sl o1 3 ol sus =

A e pST by S sae =

1 e 5T (hétéroatomesyaslsdl wl, Ui sae .
A5y of BN op)plsd) ety )l s m
TO>INHAGS 28l aaorg bl aslg JI sus =

5> NHD oSl oy, dibl Loy JI sus m

B9aNL anid) ust sl Sbead! sus:(7— TV Jguondl

LSl Lipinski Ghose Veber Egan Muegge

1 0 0 0 0 1MW <200,
2 0 0 0 0 0

3 0 0 0 0 0

4 0 0 0 0 0

5 0 0 0 0 0

6 0 0 0 0 0

7 0 0 0 0 0

8 0 0 0 0 0

9 0 0 1(Nrotb > 10, 0 1 XLOGP3> 5,
10 0 0 0 0 0

11 0 0 0 0 0

12 0 0 0 0 0

13 1MLOGP>4.15) | 1 WLOGP>5.6) 0 0 1 XLOGP3> 5,
14 0 0 0 0 0

15 0 0 0 0 0

16 0 0 0 0 0

il e ol Wasy e adlr 150 on ol Wbl sae OF (7= IV) Joadt do 0 a3

elEmal ol b oo il Bl @ Sl SLSL (lane el ) 3 )
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bl 22 Yy LU o gall
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M) iy L ¢ () Lty 2l Elas @ LA G SlGY) s LS
293 o L 38 OF K g Al odlelidll U 132CY P wlgp) gk o sl
S S s,
LM clid (3 3smmge o9p o8 s)be o (P-GlycoproteinildyuP- Sl oyl
Sl gl ook 6 o ¢ 1 sladll p Bms 3305 Gsian ol sl mge LS fony
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e oliziel) Pharmacokineticsiss il gl vtz (8— TV) Jguondl

ORI
g E| e o
L E Bl ElzEiiosBElzd
Y el sl s aEgElaE &t | &2
V| 5 e E|OE|pE|I0E OE|DE
o | B ~
1 High | Yes | No No No No No No
2 High | Yes | No No No No No No
3 High | Yes | No No No No No No
4 High | Yes | No No No No No No
5 High | Yes | No No No No No No
6 High | Yes | No No No No No No
7 High | Yes | No | Yes No No No No
8 High | Yes | No | Yes No No No No
9 High | Yes | No | Yes No Yes No No
10 High | Yes | No No No Yes No No
11 High | Yes | No | Yes Yes Yes No No
12 High | Yes | No | Yes No Yes No No
13 High | Yes | Yes | Yes Yes Yes No No
14 High | Yes | No No Yes Yes Yes No
15 High | Yes | No No No No No No
16 High | Yes | No | Yes No Yes No No
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nl . degrés de liberté du numérateur

12 : degrés de liberté du dénominateur

1 [ 2 |3 |4 |5 |6 |78 |9 |10 |n 12|15 14|15 16|10
| 1 [161.45 19950 215.712 7(238.88 [240.54 [241.88 [242.98 [243 00 [244.69 [245 36 [245.95 [246.47 [246.92
| 2 |1851 [19.00 [19.16 [19.25 [ 1930 [19.33 [1935 |19.37 (1938 [10.40 [19.40 | 1941 1942 |19.42 [19.43 [ 19.43 |19.44
| 3 |1013 [ 955 [928 [912 | 901 894 880 | 885 [881 (879 (876 | 874 [873 |871 (870 | 860 | 868
| 4 | 771 [ 694 | 659 [639 | 626 [616 609 | 6.04 | 600 596 | 594 | 591 | 589 |587 [586 | 584 | 583
| 5 | 661 [579 [541 [519 | 505 [495 488 | 482 [477 [474 (470 | 468 | 466 | 464 [462 | 460 | 459
| 6 (599 514 [476 | 453 [430 (428 [421 [415 [410 | 406 |403 | 400 | 398 396 [304 302 [301
| 7 (550 |474 | 435 | 412 (397 [387 (379 [373 [ 368 |364 360 |357 |355 [353 [351 349 [348
| 8 (532 |446 | 407 | 384 369 [358 (350 344 [330 |335 331 (328 |326 [324 (322 [320 [310
| o (512 |426 |386 |363 348 [337 (329 [323 [318 |314 [310 |307 |305 303 [301 |299 [ 297
| 10 [ 496 410 [371 | 348 333 [322 [314 [ 307 [302 |298 |294 | 291 |280 |28 [285 |283 |281
| 11 | 484 |398 350 |336 320 [ 300 [301 [295 |290 |285 |28 (2790 |276 |274 [272 | 270 | 269
| 12 [ 475 | 380 |349 | 326 311 300 [201 | 285 |280 |275 272 | 260 | 266 | 264 | 262 | 260 | 258
|13 | 467 [ 381 [341 [318 |303 202 [283 | 277 [ 271 [ 267 |263 | 260 | 258 |255 [253 | 251 | 250
| 14 | 460 [374 334 [311 |296 285 |276 | 270 | 265 | 260 | 257 | 253 | 251 |248 [246 | 244 | 243
| 15 | 454 [ 368 (329 [306 |290 [279 |271 | 264 | 259 |254 | 251 | 248 | 245 |242 [240 | 238 |23
| 16 | 449 [ 363 [324 [301 |285 [274 |266 | 259 | 254 | 249 | 246 | 242 | 240 | 237 235 | 233 | 232
| 17 [ 445 | 3590 320 | 296 | 281 [270 | 261 | 255 | 240 |245 |241 238 |235 |233 231 229 |22
| 18 | 441 |355 [316 | 293 | 277 | 266 |258 | 251 | 246 |241 |237 | 234 |231 220 [227 |225 |223
| 19 [ 438 [352 [313 | 290 274 | 263 |254 | 248 | 242 |238 [234 | 231 |228 226 (223 221 [ 220
|20 | 435 349 310 | 287 [271 | 260 |251 | 245 | 230 |235 [231 |228 |225 [222 (220 | 218 [ 217
| 21 | 432 | 347 |307 | 284 |268 |257 (240 || 242 | 237 |232 |228 |225 |222 220 218 |216 [ 214
| 22 | 430 | 344 305 | 282 | 266 | 255 (246 | 240 | 234 |230 |226 | 223 | 220 | 215 | 213 | 211
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