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TOM TAT

Hang s6 bén cta 20 phtic chat méi (ML2) gitta thiosemicarbazone véi cac ion kim
loai dwgc tinh todn tir mo hinh quan hé dinh lwgng cau truc-tinh chat (QSPR). Cac
m6 hinh QSPR nay dugc xay dung bang ky thuat hoi quy tuyén tinh da bién
(QSPRmir) va mang than kinh nhéan tao (QSPRann). Céc bién ctia md hinh nhéan
duoc qua phép tinh luong tr ban thyc nghiém PM7 va PM7/sparkle. Két qua 10
mo hinh QSPRmir xay dung duoc c6 cung bon bién, tuy nhién qua ky thuat danh
gid ngoai v4i mét tap dir liéu doc 1ap thi md hinh thit tw (QSPRwmirs) nhan duoc két
qua voisu ddp Gng t6t nhat nhitng tiéu chuan thong ké va cdc gia tri nay 1a R2wain =
0,885; Q200 = 0,860; SE = 1,527. Hon nita, md hinh mang QSPRanx I(4)-HL(10)-O(1)
duoc tim thay khi phat trién ttr cac mo ta ctia mo6 hinh QSPRwmirs va ciing cho két
qua t6t nhw R2rain = 0,961; Q?est = 0,969; Q2validation = 0,978. Cac két qua tir nghién ctu
ndy c6 thé st dung dé phét trién cac dan xudt méi khdc nham tng dung trong linh

virc hdéa hoc, phan tich va moéi trueong.

Tt khéa: Hang s6 bén logfiz, hoi quy da bién, mang than kinh nhan tao, QSPR,

thiosemicarbazone.

1. MO PAU

Thiosemicarbazone duoc biét dén nhu mot dan xuat pho bién trong hoa hoc
httu co va chiing dwoc st dung rong rai trong cac linh viec lién quan [1,2]. Pay la ly do
ma ching dwoc cac nha khoa hoc quan tam va dugc nghién cttu cling nhu tong hop rat
nhiéu trong thuc nghiém [1]. Thiosemicarbazone ciing rat dé dang tao phtic chat véi
cac ion kim loai do dédc trung lién két chitc cac phoi t nito va luu huynh trong cau trtc
[1]. Phttc chat cta ching ciing duoc tim thdy nhiéu tng dung lién quan trong nhiéu
cong trinh nghién ctru, dat biét 1a trong linh vuc héa hoc phan tich [2], trong d6 hang
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s0 bén la dai lwong dac trung cho kha nang tao phiic nay cua céc ligand twong ting. Do
dé, viéc tim kiém cac dan xuat mai cua thiosemicarbazone vdi cac wu diém vuot troi va
da ting dung luoén la van dé cac nha héa hoc quan tam.

Trong nghién ctru nay, chung t6i xay dung mot 10 trinh day du tir sy két hop
cta hda hoc luong tit voi phuong phap ban thic nghiém mdi (PM7 va PM7/sparkle)
[3], cac cong cu tin hoc/toan hoc thong ké dé€ xay dung cac mo hinh trén d6i tuong
phtic chat ctia thiosemicarbazone va cac ion kim loai nham tim kiém cac md hinh t&t
nhat tir d6 phat trién moéi cac hop chat lién quan. Viéc xay dung cac mo hinh nay tuan
tht chit ché cdc nguyén tac va sy huéng dan cua t& chiec OECD [4] va cac chi s6 cta
Tropsa [5].

Nghién cttu nay xay dung thanh cong hai mo6 hinh QSPR véi phuong phap hoi
quy tuyén tinh da bién (QSPRwmir) trén tap dit liéu bao gom 66 gid tri thue nghiém cua
phtic chét ctia thiosemicarbazone véi céc ion kim loai Ni?*, Co?, Mn?, Zn?, Hg?, Cu?,
Cd? and Mg?* trong dung dich nwdc (Bang 1). Tiép d6, chung t6i cling da phat trién
md hinh mang than kinh nhan tao (QSPRaxw) tit cdc m6 ta ctia md hinh QSPRwir nhdm
tim kiém cac mé hinh dy bao t6t hon. Ching t6i da st dung cac mo hinh nay dé phat
trién tinh toan gid tri hang s3 bén ctia 20 phtrc chat trén mot s6 dan xudt
thiosemicarbazone thiét ké méi bang cach thém cdc nhém chitc da duwoc tong hop gan
vao cac vi trl tim nang ctia khung cau trac goc (Bang 6).

2. PHUONG PHAP TiNH TOAN

Nghién ctru nay phai duoc bit dau bang mot tap dit liéu thuc nghiém, do d6,
viéc khai thac dit liéu la budc dau tién trong nghién cttu nay [4].

2.1. Thu thap dit liéu nghién cttu

Déi tuwong stt dung trong nghién ctru la phitc chit dang don nhéan hai cang
(ML2) cua thiosemicarbazone (L) va cac ion kim loai (M). Nhu vay, ciu truc cua ligand
va phtic chat nay dugc md ta nhuw Hinh 1. Do d6, hang s bén (B12) duoc tinh theo cong
thitc sau:

"ML @
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Hinh 1. (a) Cau truc tdng quét cua thiosemicarbazone; (b) Phitc chat gitta Ni2* véi 3-

formylpyridine thiosemicarbazone [6]

Ky thuét khai thac di liéu duoc thuc hién nhw sau: dau tién, mot tap dir liéu

16n duoc thu thap tr cac cong trinh nghién cttu thiee nghiém, sau d6 sit dung cach

phén loai cum (clustering) véi phuong phap phan cum theo phéan cap tap hop AHC

(Agglomerative Hierarchical Clustering) d€ phan chia cac tap dir liéu nho hon [16]. Két

qua mot tap dit liéu bao gom 66 gia tri hang s ben ctia phitc da dwoc st dung dé xay

dyng cac mo hinh QSPR trong nghién cttu nay duoc trinh bay trong bang 1.

Bdng 1. Gia tri 16n nhat (logfizmax) va nho nhat (logBizmin) hdng s bén thiee nghiém ctia cac

phtic chét trong trong nghién cttu

T Thiosemicarbazone Ton k.im S8 h,ff_mg logBimn  logBiam T?i
Ry R> Rs Rs loai phtc, n liéu

1 H H H - GHsN Niz 1 8,980 8,980 [6]

2 H H H - GHsN Mn2+ 1 7,850 7,850 [6]

3 H H H - GHsN Co* 1 8,580 8580 [7]

4 H H H - GHsN Zn2 1 8,890 8,890 [7]

5 H H H - CeHsOH Cuz 1 10,773 10,773 [8]

6 H H H -CsHs0 Cdz 1 5,510 5510 [9]

7 H H H - CoHsN Hg2 16 10,2493 10,992 [10]

8 H H H -C1o0HsOH Mg 4 5,5800 6,700 [11]

9 H H H -C1o0HsOH Cd» 4 9,9200 11,420 [11]

10 H H H -C1o0HsOH Zn2 3 12,700 14,370 [11]
11 H H - - GH7NO Zn2 7 12,591 15,056 [12]
12 H H - - GH7NO Cd» 7 11,384 13,837 [12]
13 H H H -CsHsNH: Cu? 2 19,490 20,750 [13]
14 H H H -CsHaNH: Niz 2 19,750 23,700 [13]
15 H H H -CsHaNH: Co? 2 16,970 22,290 [13]
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T Thiosemicarbazone Ton k.im S6 h/rong logBiamen  10gBime Tfli

Ri R» Rs Re loai phtic, n liéu
16 H H H -CeHaNH2 Mn2+ 2 17,130 20,700 [13]
17 H H H -CeHaNH2 Zn> 2 15,230 20,780 [13]
18 H H H -CeHaNO:2 Pra+ 2 19,170 20,240 [14]
19 H H H -CeHaNO: Cd> 2 17,550 18,320 [15]
20 H H H -CeHaNO:2 Pb2 2 16,580 17,670 [15]
21 H H H -CeHaNO:2 Cr?* 2 16,000 21,160 [15]
22 H H H -CeHiNO:2 Fed3 1 18,490 18,490 [15]

2.2. Tinh toan bd mo ta

B mo ta cia mo hinh dwoc stt dung trong nghién cttu mo6 hinh héa QSPR dwoc
hiéu la cac bién s6 ctia phuong trinh m6 hinh xay dung dwoc, né bao géom mo ta luong
tr va mo ta phan ti (0D-3D). Mo ta luong tir duoc tinh toan tit qua trinh t6i wu hda cau
tric phtrc chéat, con cac md ta phan ti ddc trung cho cdu tric ctia cac phan tw trong
nghién cttu QSPR va dugc tinh toan tir cong cu QSARIS 1.1 [17] tir nhitng cau trac da
phtec chat da duoc tdi wu hoa.

Sau khi tinh toan, qua trinh loai bo cac bién khong phu hop dé tao ra két qua sé
nhan dugc mot bo co sd dit liéu bao gom cac phiic chét thuc nghiém tuwong tng véi cac
gia tri hang s8 bén (logPizeyp) va cac bién 1a cac tham s6 cau tric dugc tinh toan. Cudi
cung, chung t6i st dung co so dix liéu nay dé€ phat trién cac mo hinh hoi quy tuyén tinh
da bién va mang than kinh nhén tao.

2.3. Xay dung mé hinh héi quy tuyén tinh da bién

Nghién cttu stt dung phuong phép hoi quy tuyén tinh da bién dé€ xay dung mo
hinh QSPR. Pay la mét trong nhitng phuong phap thong ké duoc st dung kinh dién
trong nhiéu cong trinh nghién cttu. Phuwong phap nay xac mitc do quan hé tuyén tinh
gitra bién doc 1ap (gia tri du bao) va nhiéu hon mot bién phu thudc. Trong treong hop
ndy, gid tri hang s6 bén ctra phtic gitta thiosemicarbazone va cac ion kim loai (logp2) 1a
bién doc 1lap va by md ta la nhung bién phu thudc. M6 hinh cta phwong phap nay
duoc biéu dién theo phuong trinh sau: [16,18]

Y=8+L.X +5,X,+.+ B X, +¢& 2)

Trong d¢, Y 1a bién phu thudc; o, B1, 2,... Pxla cac tham s6 hoi quy ciia mo hinh,
Xi twong ting véi bién giai thich thiti (v6ii=1 dén k) va ¢ 1a sai s6 ngau nhién [16,18].
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2.4. Xy dung m6 hinh mang than kinh nhén tao

ANN dua trén mot tdp hop cac don vi hoac nat duoc két ndi duoc goi la t€ bao
than kinh nhan tao, mo6 hinh hoéa long léo cac t&€ bao than kinh trong nao sinh hoc.
Trong cac trién khai ANN thong thuong, tin hiéu tai két noi gitta cac than kinh nhan
tao 1a sO thuc va dau ra ctia mdi than kinh nhan tao dwoc tinh bf!mg mot s6 ham phi
tuyén tinh cua tong cac dau vao ctua né. Thong thuong, cac t€ bao than kinh nhan tao
duoc tap hop lai thanh tiing 16p. Céc 16p khac nhau c6 thé thuc hién cac loai bién doi
khéc nhau trén dau vao cua chung [19]. M&i quan hé nay dugc thé hién bang ham
truyén, hai ham truyén duoc st dung trong nghién cttu nay nhuw sau [19]:

o

9(x)=log sig) = = 3)
_ . _1-e”

()= tansigkx) = = (4)

Bén canh d6, nghién cttu nay st dung mang truyén thang nhiéu 16p MLP
(Multi-layer Perceptron) va giai thuat lan truyén nguwgc [20] - giai thuat dwoc
Rumelhart va cong sy dé xudt nam 1986 [20]. Kiéu mang MLP nay c6 cau trtic bao gom
mot 16p vao, mot 16p ra va mot hodc nhiéu 16p an. Trong khi d6, giai thuat lan truyén
nguoc la dang tong quat cua giai thuat trung binh binh phuong téi thiéu (LMS). Giai
thuat nay thudc dang giai thuat xap xi dé€ tim cac diém ma tai d6 hiéu nang ctia mang
la t&i wu. Giai thuat nay duoc thuc hién cac budc: lan truyén thang cac tinh toan trong
mang, lan truyén nguoc; va cap nhat lai cac trong sd va do léch tuwong tng. Giai thuat
dieng lai khi gia tri cia ham muc tiéu trd nén du nho [21].

2.5. Ky thuat danh gia moé hinh

Dénh gia mo hinh 1a budc quan trong khang dinh tinh ding d&n ciia mo6 hinh
QSPR xay dung duoc. Thong thuong, viéc danh gia mo hinh bao gom danh gid ndi va
danh gia ngoai trén hai tap dit liéu doc lap [5]. Trong nghién cttu nay, viéc danh gia
nodi duoc thuc hién trén tap di liéu luyén mo hinh ban dau véi 66 gia tri thuc nghiém
(Bang 1) voi chi s6 danh gia R? (> 0,6) két hop vodi viéc danh gida chéo CV (Cross
Validation) theo k§ thuat loai bo dan ting treong hop LOO (Leave One Out) véi chi s6
thong ké danh gia Q2%v-roo (> 0,6) va viéc danh gia ngoai EV (Extenal Validation) trén
tap dir liéu doc lap voi tap luyén voi chi s6 danh gid 1a Q%v (> 0,5) [5,18]. Cac dai luong
nay déu duoc tinh trén cung mot cong thirc voi cac tap di liéu khac nhau nhu sau
[5,18]:

> (1Y)
RF =1- 10 5)
Z (Yi _Y_)Z
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Trong d6, Y;, Y;, and Y 1a gid tri thuc nghiém, du doén va trung binh.

Sai s6 chuan (SE) déng vai tro quan trong trong viéc nhan dinh di liéu, thong
qua d6, né sé danh gia duoc su bién dong gid tri 1a t6t hay xau. V& nguyén tac, SE ty 1é
nghich véi kich thude mau nén gia tri nay sé giam khi s§ quan sat mau cang 16n va gia
tri cang nho thi thong ké sé gan véi thuc té. SE xac dinh boi cong thire sau [18]:

(6)

Trong d6 N va k [an luot 1a sd bién cta tap luyén va s6 bién cia mé hinh.

Nghién cttu nay cling st dung gia tri tuyét d6i trung binh cua sai sd twong doi
MARE (%), d€ so sanh chat lwgng cua m6 hinh. Chung duoc trinh bay nhu sau: [22]

1 ‘lOg ﬁlz,exp - IOg ﬂlz,pred

MARE, % =
n |Og ﬂlz,exp

100 (7)

Vi n 1a s6 luong mau; Pizexp va Pizprea [an luot la cac hang s6 bén thuc nghiém
va tinh toan.

3. KET QUA VA THAO LUAN
3.1. M6 hinh QSPRwmtr

Viéc xay dung mo hinh QSPRmir dugc thue hién béng ky thuat loai bd nguoc
va hoi quy thuan trén hé thdng Regress [18]. Kha nang du doan ctia cac md hinh
QSPRumik durgc danh gid chéo bang phuong phap LOO st dung théng ké Q2.oo. Cac mo
hinh hoi quy da bién dugc xay dung dua trén tap dit liéu thu thap ban dau va qud
trinh xay dung chia thanh tap luyén (80%) va tap kiém tra (20%). Chat luong ctia cac
mo hinh duwegc danh gia bang cac gia tri thong ké R2ain, R%d, Q%00, SE va Fsat . K&t qua
nhéan duoc muwoi moé hinh QSPRwmir dap ting cac yéu cau thong ké duoc trinh bay trong

Bang 2.
Bang 2. Muoi m6 hinh QSPRwir (k = 4) v6i cac gia tri thong ké tuong ting
Ky hiéu M6 hinh QSPRwir va cac gid tri thdng ké
logfiz =-12,312 + 9,850xxc3 — 2,207xnrings + 0,629xSsNH2 — 2,529xLUMO
ML R2=10,901; R%aq = 0,894; Q%00 = 0,875; SE =1,419; PRESS = 157,45; Fstat = 140,35
log 12 =-5,734 + 14,373xxc3 + 0,418xSsNH2 — 0,408xxvc3 — 1,882xxp4
MLR2 R2=10,857; R%q = 0,847; Q%00 =0,822; SE =1,703; PRESS = 223,41; Fstat = 92,61
MLE3 logf12 = 3,209 + 2,568xHsNH2 + 0,189x5d0 — 0,419xdipole — 0,735xLogP

R?=10,886; R%dqj = 0,879; Q%00 =0,859; SE =1,518; PRESS =177,32; Fsta: = 120,70
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log 312 =-18,563 + 0,909xSsNH2 + 0,200x5dO — 0,003xTotal energy + 2,702xSssCH2

MRS R2=0,885; R2%dqj = 0,877; Q%00 =0,860; SE =1.527; PRESS = 175,46, Fstat = 119,02
log 312 =-38,766 + 0,386xSsNH2 — 2,906xk0 + 4,501xnvx + 1,389xxp5

MURS R2=0,845; R%d4j = 0,835; Q200 = 0,836; SE =1,769; PRESS = 237,40; Fstat = 84,72
logf312 =-5,328 + 2,953xHsNH2 + 0,162x5d0 — 1,013xdipole + 0,011xMW

MR R2=0,864; R2%q = 0,855; Q%00 = 0,836; SE =1,659; PRESS = 205,88, Fstat = 98,44

MLRY log12 =-12,857 +2,924xHsNH2 + 0,215x5d0O + 2,939xS5ssCH2 + 0,022xCosmo area

R?=0,854; R%q = 0,845; Q%00 =0,822; SE =1,719; PRESS = 223,19; Fstat = 90,66

logPiz = -12,140 + 3,264xHsNH2 + 0,226x5d0 + 2,466xSssCH2 + 0,014xCosmo
MLRS volume
R?=0,855; R?dj = 0,846; Q.00 =0,829; SE =1,711; PRESS = 215,02; Fstat = 90,70

log12= 8,827 + 0,731xSsNH2 — 4,597xnelem + 0,404xSHBa — 1,133xSdsCH
MLR9
R2=0,879; R2.4j=0,872; Q%00 = 0,854; SE =1,562; PRESS =182,72; Fstar = 113,04

log12=3,785 + 1,437xHsNH2 — 1,133xLogP + 38,644xMaxneg + 1,808xnumBHa
MLR10
R2=10,828; R2aqj=0,816; Q%00 = 0,794; SE = 1,868; PRESS = 258,73; Fstat = 74,41

Tat ca muoi mod hinh trong Bang 2 vé co ban déu théa man yéu cau thong ké
voi cac gia tri R? va Q%oo déu 16n hon 0,6 [4,5], tuy nhién d€ chon m6 hinh hoan chinh
can danh gia ngoai b.’i\ng mot tap dit liéu doc lap. Nghién cttu sit dung tap di liéu bao
gom ba muoi phtic chat thuc nghiém kém gia tri hang s8 bén (logBi2ep) duwroc trinh bay
trong Bang 4. Dua trén két qua du bao hang s6 bén (logBizpred) & Bang 5 va Hinh 2b
thong qua hé sd Q%v-wirs gitia gid tri thuc nghiém va cac gid tri duy bao gitta cdc mo
hinh QSPRwmir va gia tri MARE (%) thi md hinh QSPRwmirs dugce chon d€ phat trién mo
hinh ANN va cac phtic chat méi boi dap tng dwoc gia tri Q%v-mirs = 0,8734 va MARE
nhan gia tri thdp nhat (14,7948 %).

3.2. M6 hinh QSPRan~

Nhuw da trinh bay, m6 hinh QSPRann duoc phat trién dua trén bon bién mo ta
cua mo hinh QSPRwmirs la SSNH2, SAO, Total energy va SssCH2. Ky thuat phat trién lya
chon mang MLP va giai thuat lan truyén nguoc. Do d6, kién truc mang duoc lya chon
trong treong hop nay la I(4)-HL(m)-O(1) véi dau vao la bon bién mo ta, dau ra la gia
tri logPi2pred va sO nut 16p an la m. Quad trinh xay dung mo6 hinh ANN thuc hién hai
budc. Dau tién, sit dung tap luyén ban dau dé khao sat caic mang MLP vdi cac kién truic
khéac nhau (tim 16p an m). Két qua cac mang thoa man tinh chat thong ké dwgc trinh
bay ¢ Bang 3. Tiép dén, stt dung tap dix liéu danh gid ngoai 6 Bang 4 dé€ tim kiém mang
t6t nhat bang cach dua vao gia tri MARE (%) va chi s& Q%v-ann giita gia tri du bao va
gia tri thuc nghiém. Két qua nhan dwoc mang véi kién trac 1(4)-HL(10)-O(1) véi cac
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tham s6 thong ké nhu in dam trong Bang 3 va gia tri Q%v-ann = 0,9824 (Hinh 2b) va gia
tri MARE = 5,3034 % (Bang 5).

Bang 3. Két qua khao sat ban dau md hinh QSPRann v6i kién trac [(4)-HL(m)-O(1)

Sai s Sai s Sai s6 . -
QSPRann R2%rain QPest Qv R . , » Ham truyén
luyén kiéfmtra danh gia

I(4)-HL(9)-O(1) 09092 09798 0,9504  1,3509 0,9929 2,0272  hyperbolic tangent
I(4)-HL(8)-O(1)  0,9103 0,9807 09527  1,6227 0,6538 1,4815 hyperbolic tangent
I(4)-HL(3)-O(1) 09334 09905 0,9478 09574 0,8441 2,1581  hyperbolic tangent
1(4)-HL(9)-O(1)  0,9140 0,9827 0,9522  1,3566 0,6929 2,0216 log-sigmoid

1(4)-HL(10)-O(1) 0,9137 0,9808 0,9594 1,3977 0,7700 1,3120 hyperbolic tangent

Str dung phan tinh ANOVA mot yéu t8 danh gia sy khac biét gia tri du doan va
gia tri thuc nghiém cta hai mo hinh nay. Két qua cho thay khong cé sy khac nhua vé
két qua ctia hai md hinh (F = 1,7527 < Foos = 2,6828).

40 T T T T T T
®  QZyann = 0,9824 of QSPR,yy
351 o Q2 ure = 0,8734 0f QSPRy, ¢
( 30
SsNH2 @ O 225
” I}
&
y 3
SdO ) / [ 7 < 20
= O logpr2 S
Total energy @ 15
SssCH2 @ 104
o
5
T T T T T T
5 10 15 20 25 30 35 40
|09512.pred
(a) (b)

Hinh 2. (a) Kién tric cia mang ANN 1(4)-HL(10)-O(1); (b) M&i twong quan gitra gia tri thuc

nghiém va gia tri dg doan cua tap dit liéu ngoai cia cdc m6 hinh QSPR
3.3. Danh gia ngoai cac mo6 hinh QSPR

Mot m6 hinh hoan chinh can phai dwoc danh gia ngoai bgmg mot tap dit liéu
thuc nghiém ddc 1ap voi tap dix liéu xay dung md hinh. Nhu da dé cap, tap di liéu xay
dung mo hinh dugc trinh bay trong Bang 1, con tap dit liéu danh gia ngoai dwgc trinh
bay trong Bang 4 bao gom 30 gia tri hang s bén (logBizey) clia cac phirc chat thuc
nghiém. Qua trinh danh giad dwa vao hai dai lwgng Q%v va MARE (%). Két qua du bao
ttr cdc mo6 hinh MLR va ANN duwoc trinh bay trong Bang 5 va Hinh 2b.

Theo quan sat két qua tir Bang 5, cac gia tri du bao hang s bén (logBiprea) clia
cac md hinh MLR1, MLR2 va MLR5 rét kém, nhan céac gia tri am, déu nay khong phu
hop. Hon nita, dwa va gia tri Q%v cho thay cac mo6 hinh MLR3, MLR6, MLRY va MLR10

60



TAP CHI KHOA HOC VA CONG NGHE, Truong Dai hoc Khoa hoc, DH Hué
Tap 22, S5 2 (2023)

khong thoa man yéu cau thdng ké (déu nho hon 0,5) nén cac mo hinh nay cting khong
duoc chon. Nhu vay, ba mo hinh con lai bao gom MLR4, MLR7 va MLR8 déu nhan gia
tri Q%v 16n hon 0,5. Tuy nhién, két hop véi gia tri MARE (%) thi md hinh QSPRwmirs
nhéan két qua nho nhat (14,7948 %) nén duoc chon. Trong khi d6, mo6 hinh QSPRann
I(4)-HL(10)-O(1) nhan cac gia tri [an luwot la 5,3034 % va 0,9824 déu thoa man tot yéu
cau thdng ké va két qua cling chi ra rang mo6 hinh ANN c¢6 kha nang du doan t&t hon
so véi mo6 hinh MLR4. Hon nita, cac gid tri logBizpred du dodn cia mo6 hinh ANN gan
dung voi gia tri thire nghiém logPize (Bang 4 va Bang 5).

Bdng 4. Ba muoi gia tri hang s6 bén thuc nghiém (logBizexp) ctia phitc chat gitta ion kim loai va

thiosemicarbazone trong tap dit liéu danh gia ngoai

Thiosemicarbazone
Ky hiéu Ion kim loai logfizexp Tai liéu
Ri R2 Rs R4
coml1 H H H - CeH«OH Ni2+ 11,441 [8]
com?2 H H H -C1sH1eNOs Fes+ 33,320 [23]
com3 H H -CH(CHs)2 -CsH2Br(OH): Co* 10,4362 [24]
com4 H H - CeHs - CCHs=N-OH Ni2 9,7118 [25]
comb5 H H H - CoHsN Ag* 10,4448 [10]
comb6 H H H - CeHsOH Niz 11,290 [26]
com?7 H H H - CeHsOH Cuz 12,160 [26]
com8 H H H - CeH4OH Zn?* 10,370 [26]
com9 H H H -Ci1oHeOH Pré+ 12,940 [27]
com10 H H H -C1o0HsOH Nds3+ 13,500 [27]
coml1 H H H -C1oHsOH Sm3* 13,800 [27]
com12 H H H -Ci1oHsOH Eud+ 14,210 [27]
com13 H H H -Ci1oHsOH Gd? 14,380 [27]
com14 H H H -Ci1oHeOH Y3 14,350 [27]
coml15 H H H -C1o0HsOH Tb3+ 14,660 [27]
coml16 H H H -CsH3(OH)(OCHz) Fe2 14,210 [28]
com17 H H H -CsHs(OH)(OCHas) Co* 14,250 [28]
com18 H H H -CsH3(OH)(OCHz) Cu? 17,050 [28]
com19 H H -CHs -CsHsOH Mn2 7,240 [29]
com20 H H -CHs -CsHsOH Cd» 7,900 [29]
com21 H H -CHs -CsHsOH Ni2 8,630 [29]
com22 H H -CHs -CsH«OH Cu? 9,810 [29]

61



Phit trién cic phitc chdt mdi giiva thiosemicarbazone va cdc ion kim logi st dung phwong phdp ...

Thiosemicarbazone
Ky hiéu Ion kim loai  logfizexp Tai liéu
Ri R> Rs R4
com23 H H H -CioHsOH Mn2* 9,920 [11]
com24 H H H -C1o0HsOH Pb2+ 11,370 [11]
com25 H H H -C1o0HsOH Co 13,650 [11]
com26 H H H -CioHsOH Nizt 14,370 [11]
com27 H H H -C1o0HsOH Cu 15,310 [11]
com?28 H H - - CH/NO Cu 14,853 [12]
com?29 H H -CsH4sOH -CsH4sOH Co? 12,215 [30]
com30 H H -CsH4sOH -CsH4sOH Ni2t 14,194 [30]

62



veoe’s 111¢°Ce LLOY'6€ L0661 0T6E'6L TT6L'ST £906°¢L 8T6L V1 £9¢8°¢€T 192206 602€'99 % TAVIN
¥286°0 ¥iy0 ¥61€°0 06480 96680 €100°0 €800°0 aes80 ¥8¥€°0 2900 08500 230
qe9v’e 8CSTY1 8CC8’LL TIs8’6 9¢9¢’6 €6468 018€91 v10€°cT 906€01 16210 TELE'S 0gwoo
vt v68TY1 8TT8’LL €566 96956 ¥T9ST1 018€91 €6LECT 6C8Y'T1 6S€T1°0 1996C 6CWO0d
68€SC 1¥88°CL LLEOTT 198¢°cl  €796°11 819T¥ 86I€°ST-  ThLECL 89TLT1 0vseel [4eiag! 8cuwioo
G699'1 699601 082€’8 00S¥'0T 918801 800T1T1 8G8T'CI-  8009°¢l 68601 ¥68¢T- 68890 LTW0OD
80461 Tess’el 7997’8 ¥20c’0T  8€SL°01 T998°L 896791 L88TCL €VST’6 €80%'T- v6CC’s 9Cw0d
€eeL'T 9¢10°Cl 799%°'8 80TE0T 096401 LL1S'8 896791 £99€°CL Tres’6 000%T- T109°0 Gguoo
9£T8’S vICTy1 18297 98¢/l ¥8€9°L 910201 SITOTI 9S¥L’8 867701 £60S°6 6/S8T1 oo
116€°Z 12IevlL L19€°8 LSIE0T L6640 GLLE'6 L06¥'9T S6LLTL 798101 91€T'T- 9¢96C £cuoo
6VS1'C €280°01T S0€6'L £899°9 7609 8LILY 86ST°01-  €79¢’8 12€0°8 €8656°0- 8084'T [44Ss
98CI’L 0166°CL 00908 1€04°9 79¢€9 T8L9°S LELTTL 16€€’L €780°8 1€85°0- 04259 Tqwos
TLLL'S 66C8'TT £985°8 66069 £0SE9 €996°¢ I8EV'€l-  GIET9 0£90°L €99.4C €v89'S (Ocwoo
0€9T¥1 SOLVE1 €956 L8649 99¢¥%°9 IP9¥'L 949T71 25069 ¥291’6 10¥¥°0- 76607 61Woo
L8Y9'C 00S0°01 918’ LSS0'LT 848491 829¢’S £90¥'8 Gl6E6l LELS'OT 698TCL 190%°CL grumoo
20S£°0 9€8¥'CT I1eeCt 2440 0SL9°6 668G S0CEVL I1ze’ll Sv0C'6 92690~ 16¥9'T LTWOd
STAR [IVA! 676C'CL I70%6 19656 6289 S8Vl 8¥8T'IT 19506 ¥019°0- 00<s’e 9Twod
0€£0C L8SS'TT L6SY'8 GIL9'0T  ¥S8ST1 TL8STL 186791 G0eTL 0S£9°01 €615°T- vLVE'E gruos
¥808°¢ 6vILCL T697'8 601601  Z00STI 98¢€LT1 696791 £80€'TT 886201 €v6eT- SIT6'T oo
6¥12TC 866811 L6SY'8 866901  TELITL ¥86TCl 186791 L10€°TT 0¥SS01 0S1S°T- TLee's gruos
GLIT9 0806'LT L6878 8CIL0T  STI9TL 08SETT 186791 1S0ETT viicor L01S°T- 9681’ oo
LSPET €616'TT L6878 86901  LIT9T1 880S°CT 186791 SYOC'TT 820401 €90S'T- 0v10°L- TTwos
96256 L6S6'TT L6SY'8 VIEL0T  9L69°T1 ££90°CT 186791 Ge0eTT 796501 GL6V'T- 6v¥e’e orwos
29€8Y L6V6'TT L6SY'8 99%2°0T 009911 6C18CL 186791 GLOETT 1€68°01 0c6v1- £990°¢ 6WOD
TLLLOT vIET'6 €2087- G868 61648 T69€CL €VST'81 16656 I¥01°L 8¥10°.- L99ST- w0
€069 290501 vrLS's- 868C’8 99€1°8 €699 v6L£'81 84811 0¥92°9 LEE6'9- €199°0- LW0d
9796’8 S VA] 6C8LT- ¥eLL0T  0L96°01 86798 8GTT'Cl-  6EV8TL 100€°S 69002~ 1ESY'1- 9uIod
8/86'1 LYET'01 €¥S0°01 610601  690¥01 6076 L1899T-  1€98°C1L LLVY'0T 16E8°TT 6¢S0°CT quIoo
2069°S1 920181 €£98°CL 8C66'L 0020°Z 60€8°L 602891 00ST’6 8€££01 Gzer'or TLLE'ST puoo
€e8TGl LE€S0ET 008SC1 T6v'6 99806 L1€0°¢T LIVT'61 0IEYTL G880t L9T€91 147891 €uIod
GIer's ¥095°LT 9THE'sT 8208°0€  £999'1¢ 6S9L°L LT6L'TT VAL S WA 800971 9¢6eG1 1091°Z1 Cuioo
8908°6 0S80CL 91S¥6 7848 67€8'6 994001 0€STST 64516 L6LV'TL €91971 GIsv'SL oo
NNV 0TI IN 6d TN SATN LATN 9A'TN CITN TITN SI'TN CI'IN TIIN nary Ay

AJSO YUY QW IONUI 1)} SUOZEGIEITWASOT} BA Te0] W uol entd 1eyd dnyd ded end (pudzig3o7) ueop np ugq 0s 3uey in eio) ‘¢ Suvg



Phat trién cic phirc chit mdi gitea thiosemicarbazone va cdic ion kim loai sir dung phwong phdp ...

3.4. Phat trién cac phttc chat méi

Hai dan xudt phenothiazine va carbazole duwoc chon d& thiét k&
thiosemicarbazone mai va cac phtre chét gitta cac phéi tt méi voi mot s6 ion kim loai
pho bién nhuw Cd*, Ni%, Cu®, Ag* va Zn* lién quan dén bon bién mo ta, d6 la SSNH2,
SdO, Total energy va SssCH2. Chting t6i chon cac dan xuat nay vi chting cé tmg dung
rong rai trong nhiéu linh vuc va da duoc tong hop trong cac nghién ctru thuc nghiém
[31, 32]. Cac thiosemicarbazone méi dugc hinh thanh boi cdc nhom phenothiazine va
carbazole gan lién tai vi tri R4 trong khi cac vi tri con lai nhu Ri, R» va Rs cta
thiosemicarbazones la cac nguyén tt hydro.

Mot loat cac phitc hop méi dugc sang loc can than va ching duwoc nhung vao
d@r liéu khoéng gian cua tap luyén dé€ kiém tra mién tng dung AD (Applicability
Domain) [4,5]. Két qua c6 hai mwoi phtte chdt méi dép ting cac tiéu chudn caa AD va
ching dwoc dy doén 1a hang s6 bén tir hai md hinh QSPRwirs va QSPRann da xay
dung. cac gia tri dy doan cua cac phiic chat méi (logBiznew) dwoc dua ra trong Bang 6.
Thém vao dé, phuwong phap ANOVA mot yéu td dugce st dung dé€ so sanh cac gia tri
logPrznew dit dodn tlr hai cdc md hinh QSPRwire va QSPRann. N6 chi ra rang khong c6
sut khac biét gitra hai mo6 hinh (F = 1,4473 < Foos = 4,0982).

Bang 6. Hai muoi phtrc chat moi gitra ion kim loai va thiosemicacbazone véi gia tri logBiznew
duoc tinh toan tir cac QSPR da xay dung

Nhém chtic gén Ic.)n logfrane Nhém chtic gén I(.)n logfrane
vao vi tri Rs km? MLR ANN vao vi tri Rs km.l MLR ANN
loai loai

\N Cd> | 18,3498 | 15,5887 Ag+ | 135039 | 12,2678
) Q:@ Zne | 183430 | 155743 | N Cd> | 12,0050 | 12,2293
o Cd> | 17,3734 | 18,9594 Q O Cu | 13,8927 | 12,2008
Ni | 18,3876 | 15,8605 Nz | 13,0228 | 12,3206
. Zn> | 17,3666 | 18,9438 Zn> | 12,0012 | 12,2290
Q O Ag | 98381 | 7,5745 ' Q N O Ag' | 11,7625 | 11,1487
. Cd> | 142034 | 12,0284 n Cd> | 129629 | 12,3277
Q O N | 152188 | 11,6676 /° Cu | 14,8507 | 11,9910
- Zner | 141972 | 12,0283 Nz | 13,9807 | 12,1944
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Ion logpiznew Ion logpi2.new

Nhém chtic gan . Nhém chtic gén .
| Kim o kim
vao vi tri vao vi tri
! 4 loai MLR ANN - 4 loai MLR ANN
“ Agr | 83641 | 12,4084 Zn> | 12,9591 | 12,3277
\

4. KET LUAN

Nghién cttu nay da xay dung thanh cong mo hinh quan hé dinh luong cau truc
va tinh chat (QSPR) bang cdc phuong phéap héi quy tuyén tinh da bién (QSPRwix) va
mang than kinh nhan tao (QSPRaxn). Cac md hinh QSPR dwoc xay dung bang cach st
dung tap di liéu thuc nghiém véi cac mo ta ciu trac thu duoc tir phép tinh luong tir
ban thuc nghiém PM7 va PM7/sparkle. Qua trinh xay dung cac m6 hinh QSPR da duoc
danh gia mot cach can than dwa trén cac chi s6 thong ké nhu Ruain, Q%00, Q%x, SE,
MARE (%) va phwong phap ANOVA mot yéu t6. Trong d6, hai md hinh QSPRwmir va
QSPRann 1(4)-HL(10)-O(1) dat yéu cau vé kha nang ap dung thuc t€. Két qua nhan
duoc titr cong trinh nay cho phép du doan va dinh hudng thuc nghiém tong hop cac
dan xu4t thiosemicarbazone c6 kha nang tao phtic tot véi cac ion kim loai mé ra huéng
nghién cttu mai va c6 nhiéu hita hen trong linh viec phan tich, méi treong va dugc hoc.
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DEVELOPMENT OF NEW METAL-THIOSEMICARBAZONE COMPLEXES
USING QSPR MODELING METHODS

Nguyen Hoang Minh', Pham Van Tat?, Nguyen Minh Quang!”
! Industrial University of Ho Chi Minh City
2 Hoa Sen University
*Email: nguyenminhquang@iuh.edu.vn
ABSTRACT

Based on the quantitative structure-property relationship (QSPR) models, the
stability constants (logl2) of a series of twenty new metal-thiosemicarbazone
(ML2) complexes were predicted. The QSPR models were built by the multivariate
linear regression (QSPRwmir) and artificial neural network (QSPRann) methods. The
variables of the models were generated from the semi-empirical quantum
calculation with the new version PM7 and PM7/sparkle. The quality of the QSPR
models was clearly evaluated by the statistical values of the basic principles. On
the basis of those viewpoints, the ten built models produced the same four
variables and the best QSPRwmLre model received the results as R2rain = 0.885; Q2Loo =
0.860 and SE = 1.527. Besides, the QSPRann models with network architecture 1(4)-
HL(10)-O(1) were developed from the descriptors of QSPRmirs models and showed
good results as R2rain = 0.961; Q?%est = 0.969 and Q?Zvalidation = 0.978. The suitable results
from the models can be used to develop these other new derivatives for

applications in the fields of chemitry, analysis and environment.

Keywords: QSPR, stability constants logfi2, multivariate linear regression, artificial

neural network, thiosemicarbazone.
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Quan ly va Dénh gia chit lwuong Mbi truong bang GIS, Vién tham va Hé
thong Tri tué Nhan tao.

Nguyén Minh Quang sinh ngay 11/11/1977 tai Quang Ngai. Nam 2021,
ong hoan thanh chwong trinh tién si tai Truong Pai hoc Khoa hoc, Dai hoc
Hué. Hién nay, 6ng la giang vién Khoa cong nghé héa hoc, Truong Dai
hoc Cong nghiép TPHCM.

Linh vwec nghién ciru: Héa tinh toan, QSPR, QSAR, Docking.
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