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Summary
Replacement of chloride ions in cyanuric chloride give several variants of 1,3,5-triazine
derivatives which were investigated as biologically active small molecules. Response surface
methodology (RSM) approach was used for optimization of the process parameters and identifying
the optimal conditions for microwave-assisted synthesis of 1,3,5-triazine derivatives bearing
substituted aniline moiety. The structures were confirmed by IR, "H-NMR, *C-NMR and MS spectra.
Molecular docking studies (in silico) were conducted on compounds to recognize the hypothetical

binding motif of the title compounds within the active site of DHFR enzyme.
Keywords: 1,3,5-triazine, anticancer, molecular docking.

Dat van dé

Uc ché dihydrofolat reductase (DHFR) tir lau
da dwoc xac dinh 1a muc tiéu quan trong dé phat
trién cac tac nhan hoa tri liéu khang khuan,
khang ky sinh trung cling nhw khang ung thuw.
Sw e ché enzym DHFR dan dén sy gidm folat
ndi bao can thiét cho phan &ng chuyén mot
carbon, do d6 rat quan trong cho qua trinh sinh
tdng hop thymidylat, nucleotid purin, methionin
va nhiéu hop chat khac can thiét cho RNA, DNA
va sinh tbng hop protein. Ngoai ra, enzym nay
cé ai lwc lién két cao va cdé tinh chon loc déi véi
cac déng co chéat do do6 khé bj thay thé béi chat
nén tw nhién. Chinh vi th&, DHFR la muc tiéu ly

twdng cho thiét ké thudc hop Ii va hiéu qua " 2.
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Nhan triazin da thu hat sy chu y cta nhiéu
nha nghién ctu vé tiém néng diéu tri cling nhw
hoat tinh sinh hoc da dang. Vi du, cac dan chét
1,3,5-triazin (s-triazin) c6 tac dung khang déc
manh, khang sét rét, khang virus, khang ung
thw, khang khuan khang ndm va khang lao ©* ©.

Hexamethylmelamin (Altretamin) la dan xuét
1,3,5-triazin dwoc sl dung trong 1am sang v&i
muc dich tri liéu 1a khang ung thw phdi, budng
trieng va ung thw va. Dan chét 1,3,5-triazin c6
chira nhdm amin khac nhau tai vi tri 2, 4 hoac 6
dworc biét dén nhw Ia thube khang ung thw (hinh
1). Cac quy trinh khac nhau sé dwoc st dung
dé tdng hop cac dan chat mono-, di- hoac tri-
thé cla 1,3,5-triazin. Hop chat quan trong nhat
dé téng hop cac dan chat 1,3,5-triazin la
cyanuric clorid. Khd nang phan (rng cla cac
nguyén tl Cl v&i tdc nhan ai nhan (nucleophile)
duoc kiém soat béi nhiet do " °.
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Hinh 1. Hoat tinh sinh hoc ctia mét sé dén chét 1,3,5-triazin

Pac biét & Viét Nam chwa c6 nghién clru
phat trién dan chét 1,3,5-triazin nham muc tiéu
diéu tri bénh néi chung va diéu tri ung thw noi
riéng. Muc dich cla nghién ctu nay 1a téi wu
hoa tébng hop véi sy hd tro cua vi séng va
nghién ctu docking mét sd dan chét 1,3,5-
triazin dé hiéu rd kha nang twong tac thu thé -
thuéc.

Nguyén liéu, thiét bi va phwong phap
nghién clru

Nguyén liéu va thiét bi

Cac hoa chét va dung méi s dung c6 ngudn
gbéc tr Hang Merck (Blc), AKSci (M), Acros
(Bi), Xilong (Trung Quéc) va Chemsol (Viét
Nam) dwoc st dung truc tiép khdng qua tinh
ché. S&c ky Iép méng (TLC) s& dung ban nhém
silica gel 60 Fus4 trang s&n cé do day 0,2 mm

(o]
Cl N cl THF, 0-5 °C % NYN
Cl
Cyanuric clorid 1a-c

(Hang Merck). Sac ky cot st dung silica gel
c& hat 0,040 - 0,063 mm (Hang Merck). Chiéu
xa vi song thyc hién trén may CEM Discover.

Phé IR do trén may Shimadzu IRAffinity. Cac
phé 'H-NMR va "C-NMR dwoc do trén may
cdng huwdng tr hat nhan Bruker Avance 500
NMR Spetrometer tai Vién Héa hoc - Vién Han
lam Khoa hoc Viét Nam. Phd khéi lwong (MS)
dwoc do trén may LC-MS Shimadzu.

Phwong phap nghién ciru

Vi séng va so’ dé téng hop

Vi séng (MW) la séng dién tr cé buwdc séng
dai hon tia hdng ngoai nhwng ngén hon séng
radio. Phan (ng v&i hd tro cha vi séng va siéu
am xay ra rat nhanh, théng thwéong chi vai phat
do nhiét d6 cao, tdng nhanh va déng nhéat ddng
thdi c6 su tac dong két hop ctia ap suét néu tién
hanh trong hé kin.
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So dbé 1. So db téng hop cac dan chét 1,3,5-triazin
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Nghién ciru st dung phuong phap téng hop
véi sw hd tro clia vi séng & ché do diéu chinh
nang lwong (fixed-power). Nang Ilwgng dwoc
cung cép téi da 300 W va téc dd khudy cao.
Phwong phap vi séng da gop phan dang ké
trong tang hiéu suét tdng hop va rat ngén thoi
gian phan &ng (so dd 1).

Quy trinh téng hop mono - thé cua 1,3,5-
triazin (1)

Cyanuric clorid (10 mmol) dwgc hoda tan vao
THF khan (40 mL) & 0 - 5 °C, dan chét anilin
(10 mmol) va K,CO3 (10 mmol) dwgc thém vao
tir tir va khudy trong khoang thoi gian 2 - 4 gidy
dén khi hét nguyén ligu (kiém tra bang TLC). Tinh
ché san phdm 1 béng phwong phap séc ky cot.

Quy trinh téng hop tri - thé cua
1,3,5-triazin (2)

Cho hén hgp gébm hop chét 1 (3 mmol), amin
(ty 1& mol amin/hop chéat 1 1a 2,57) va K,COs
(6 mmol) va 1,4-dioxan (10 mL) vao éng vi séng.
Tién hanh chiéu xa vi séng trong thoi gian 17,64
phut, & nhiét d6 107,44 °C véi nang lwong
300 W va téc d6 khudy cao. Chiét hdn hop phan
&ng bang ethyl acetat, lam khan v&i Na,SO,,
gan va cd dudi dung mai. Tinh ché san phadm 2
b&ng phwong phap séc ky cot.

Phwong phap xac dinh céu truc cac dan chét
1,3,5-triazin gém: Quang phd héng ngoai IR,
khéi phd MS va phd cdng hwéng tir hat nhan
NMR ("H-NMR va "*C-NMR).

Téi wu héa diéu kién téng hop 1,3,5-
triazin (2)

Pé t6i wu tdng hop, md hinh CCRD Voi
3 nhan t6 va 5 mrc dwoc st dung trong nghién
ctu nay. Céac bién doc lap bao gdm ty 1& mol
amin/hgp chét 1, nhiét do, thdi gian va bién phu
thuéc la hiéu suét phan &ng (H%) (bang 1).
Sb thi nghiem N = 2% + 2k + 6 (N = 20 v&i k = 3).
Trong do, k 1a sb bién sb doc lap va 2k la sb thi
nghiém bd sung tai diém sao. Khoang cach tw
tam dén diém sao o = 2 (a = 1,6818 voi k = 3).
T4t ca cac nghién ciu dwoc thuc hién & nam
muec (- a, - 1, 0, + 1, + a). Nhw vay, trong nghién
ctru nay 20 thi nghiém sé dwgc thye hién voi 28
sb thi nghiém cta quy hoach toan phéan, 6 thi
nghiém lap lai tai tam dé danh gia sai sb va 6 thi
nghiém bd sung tai diém sao ndm cach vj tri tam
thire nghiém mét khoang + a.

Mién khao sat trong nghién clru nhw sau: Ty
l& mol amin/hgp chat 1 (1,66 - 3,34), nhiét do
phan (rng (66,36 - 133,64°C) va thdi gian phan
trng (6,59 - 23,41 phut).

Mb hinh théng ké biéu dién sw phu thudc cla
hiéu suat phan (rng vao cac nhan té6 dwoc ma
hoéa la mét phuwong trinh da thirc bac hai dwoc
thiét ké bdi phan mém Design Expert 11 (Stat-
Ease Inc., USA). Phwong trinh c6 dang
nhw sau:

Y=b, + ib]Xi + ib“Xf + Z ibﬁX,X1

i=]

i=l

i=l j=1+1

Y:  Hiéu suét phén tng (%).

by Hé s6 hdi quy béc 0.

X Nhan t6 déc lap thiri dnh huéng dén ham muc tiéu Y.

bi:  Hé sb héi quy bac 1 mé td dnh huéng cia nhén té X; voi Y.

bi:  Hé s6 héi quy tuong téc mé ta dnh hudng cua yéu té X; voi Y.

bj:  Hé sb hdi quy twong téc mo ta dnh hudng dong thoi X; va X; voi Y.

Bang 1. X4c dinh pham vi va mirc bién déi cia céc nhén té
Lz Lz 5 < , Mirc nghién ctru
Bién thuc Bién ma héa Don vj 7,68 7 g 0 7 +1.68

Ty 1é mol amin/hgp chat 1 X4 1,66 2 2,5 3 3,34
Nhiét do6 phan tng X5 °C 66,36 80 100 120 133,64
Thoi gian phan tng X5 phut 6,59 10 15 20 23,41

Cac hé sb hdi quy bac 0, bac hai va tuong
tdc cia mo hinh da thlrc bac hai dwoc xv li

béng phdn mém Design Expert 11. Chét lwong
ctia mé hinh da thirc thé hién qua hé sé xac

62

TAP CHI Y DUQC HOQC SO 19 - THANG 4/2021



dinh R? va phan tich ANOVA. Y nghfa ctia hé sb Bang 2. Ma tran ké hoach va két qua
hdi quy dwoc xac dinh qua kiém dinh t va y nghia thuc nghiém
thdng ké dwoc xac dinh qua kiém dinh F.

Nghién ctru docking phan tov STT Gia tri thuc Ham muc tiéu

DPé du doan twong tac cla cac dan chét téng Xi X, Xs Ys Y,

hop trén cac dich tac dong tiém nang, nghién 1 1,66 100 15 76,0 757
cvu docking dwoc thwc hién badng phadn mém 2 334 100 15 820 827
Autodock Vina. CAu tric 3D ctia DHFR (PDB id: 3 3 120 10 760 798
3ghw) duoc tai tr ngan hang div liéu protein 4 2 80 10 670 688
(www.resb.org). Truwéc khi thwc hién docking, 5 25 100 15 950 967
thu thé protein dwoc chudn bi bang cach két 6 2 120 10 700 71,2
£, 2 o A N L 7 2,5 100 15 96,0 96,7

hop tat ca hydrqgen khéng phan cwc va loai bg g 3 120 20 90.0 579
nuwéc két tinh bang céch st dung giao dién doé 9 3 80 20 83’0 81,6
hoa Autodock. Théng s6 “grid box” cia DHFR 10 25 100 15 97:0 96:7
(8ghw) la: kich thwoc (x: 26, y: 30, z: 30) va 11 2 80 20 86,0 819
trung tdm (x: -4,556, y: 22,028, z: 6,528). 12 25 100 15 96.0 967
Két qua va ban luan 13 25 6636 15 780 81,0
Két qua t6i wu héa téng hop 14 2,5 100 15 980 96,7
Bai toan tdi wu dwoc lap dwa trén phuong 15 3 80 10 80,0 784
trinh hoi quy xac dinh bang phwong phap quy 16 25 100 15 98,0 96,7
hoach thwc nghiém 1a ham mé ta sw phu thudc 17 2,5 100 2341 84,0 876
cua hiéu suét phan &ng (Y1) vao cac nhan té ty 18 2 120 20 880 893
I& mol amin/hop chét 1 (X4), nhiét d6 phan (ng 19 2,5 100 659 730 697
20 2,5 133,63 15 91,0 88,3

(X2) va thdi gian phan &ng (Xs). Diéu kién

rang budc la gi¢i han clia vang nghién ciru.
Phan mém Design Expert 11 duoc st dung dé
phan tich, xay dwng phwong trinh héi quy va
giai bai toan téi wu.

Y: Hiéu suét thuc nghiém,
Y.: Hiéu suét dy doén.

M6 hinh toan hoc mé ta méi quan hé gitra hiéu suat tdng hop véi cac bién ma hoa nhw sau:
Y=99,66+206xX;+219xX>+531TxX3-0,25xX;xX,—2,60xX;xX3+1,25
XXoXxX5—6,18xXE—424xX:-636xX3
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Hidu sudt (%)
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Hinh 2. Két qua so sanh hiéu suét (thuc nghiém - du doén)
va dnh huéng cua cac cap yéu té6 dén hiéu suét
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Bang 3. Két qua phan tich phuong sai cho mé hinh da thirc bac hai

Nguén bién thién Tong Béc Trung binh F P
binh phwong tw do binh phwong
Mbé hinh 1743,53 9 193,73 20,68 < 0,0001
Phén dw 93,67 10 9,37
Sai s6 mé hinh 86,34 5 17,27 11,77 0,0085
Sai s6 ngéu nhién 7,33 5 1,47
Téng s6 1837,2 19

CV% = 3,59; R* = 0,9490

Hé sb twong quan (r = 0,97) cao cho thay co
thé s dung mé hinh dé tién doan thyc nghiém
va nguoc lai. Didu nay cho thdy phwong trinh
hdi quy da mé ta chinh xac cac sé liéu thuc
nghiém. Két qua so sanh hiéu suét thu dwoc tir
thwc nghiém voi gia tri dyw doan dwa trén md
hinh thé hién & hinh 1a.

Gia tri p lien quan dén kiém dinh F ctia md
hinh thé hién & bang 3 c¢6 gia tri nhé hon 0,05
(p < 0,0001) cho thdy dd twong thich cua
phwong trinh hdi quy vé&i thwe nghiém, tr d6
ching minh do tin cay thdng ké. Hé sé xac dinh

R? cho biét 94,49% sy bién ddi clia hiéu suét
tdng hop 1a do anh hwéng cla cac bién doc lap
nhw ty 1€ mol amin/hgp chat 1, nhiét do va thoi
gian phan &ng, chi c6 5,51% sy thay déi la do
cac yéu tb khong xac dinh gay ra (sai sé ngau
nhién). Bén canh dd, hé sb bién thién CV% thap
chirng t6 réng cac thi nghiém dwoc thuc hién
chinh xac va do 13p lai cao. Két qué anh hwéng
cla cac cap yéu td dén hiéu suat thé hién &
hinh 2 (b-d). Diéu kién t&i wu cho phan (ng tdng
hop tri-thé 1,3,5-triazin thé hién trong bang 4.

Bang 4. Diéu kién t6i uu téng hop tri-thé cda 1,3,5-triazin (2)

Yéu té Gia tri tbi wu Y dw doén Y thue nghiém
Ty 1é mol amin/hop chét 1 2,57
Nhiét dé phan tng 107,44 98,13 97,56
Thoi gian phan rng 17,64

Y: Hiéu suét

Két qua tdng hop
Hiéu suét phan &ng téng hop cac dan chét
1,3,5-triazin  dwgc tdbng két trong bang 5.

Céc dan chét dwoc tong hop voi hiéu suét cao
(95-98%) vé&i thei gian phdn (ng 2-4 gid (téng
hop 1) va 17,6 phut (téng hop 2).
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Bang 5. Hiéu suét téng hop dan chét 1,3,5-triazin véi sw hé tro vi song
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Téng hop 1,3,5-triazin (1a-c va 2a-f)

4,6-dicloro-N- (4-clorophenyl) -1,3,5-triazin-2-
amin (1a): Tinh thé trng, hiéu sut 95%, mp:
146-148°C. IR (v cm™): 3254 (NH), 1383 (C=N),
2978 (ArCH), 806 (C-N, s-triazin), 791 (Ar-Cl).
"H-NMR (500 MHz, DMSO-ds, 5 ppm): 10,91
(1H, s, NH); 7,60 (2H, d, J = 9 Hz, H-Ar); 7,42
(2H, d, J = 8,5 Hz, H-Ar). ®C-NMR (125 MHz,
DMSO-ds, & ppm): 163,8; 154,1; 136,0; 135,9;
128,9; 128,8; 128,4; 123,1; 122,9. LC-MS (m/z)
[M+H]" tinh toan CgHgClsN, 274,9653, tim thay
274,9405.

4,6-dicloro-N-(4-methoxyphenyl)-1,3, 5-triazin-
2-amin (1b): Tinh thé tréng, hiéu suét 96%, mp:
150-151°C. IR (v cm™): 3247 (NH), 1389 (C=N),
2985 (ArCH), 802 (C-N, s-triazin), 790 (Ar-Cl).
'H-NMR (500 MHz, DMSO-ds, & ppm): 10,97
(1H, s, NH); 7,46 (1H, d, J = 9,0 Hz, H-Ar);
7,39 (1H, d, J = 9,0 Hz, H-Ar); 6,95 (2H, d, J =
9,0 Hz, H-Ar); 3,10 (3H, s, -OCHs). "*C-NMR
(125 MHz, DMSO-ds, & ppm): 157,8; 153,7;
127,8; 125,3; 123,6; 114,6; 114,2; 55,5. LC-MS
(m/z) [M-H] tinh toan C4oH;CI,N,O 269,0002,
tim thay 268,9938.

4,6-dicloro-N- (p-tolyl) -1,3,5-triazin-2-amin
(1c): Tinh thé trdng, hiéu sudt 95%, mp:
122-124°C. IR (v cm™): 3248 (NH), 1392 (C=N),
2981 (ArCH), 805 (C-N, s-triazin), 794 (Ar-Cl).
"H-NMR (500 MHz, DMSO-dg, & ppm): 11,03
(1H, s, NH); 7,46 (2H, d, J = 8,5 Hz, H-Ar);
717 (2H, d, J = 8,5 Hz, H-Ar); 2,27 (3H,
s, -CHs). *C-NMR (125 MHz, DMSO-dg, 5 ppm):
163,8; 153,8; 135,9; 135,2; 130,4; 128,8; 121,8;
121,6; 20,6. LC-MS (nm/z) [M-H] tinh toan
C1oH7ClN, 253,0053, tim thay 253,0039.

N-(4-clorophenyl)-4,6-di(piperidin-1-yl)-1,3,5-
triazin-2-amin (2a): Tinh thé trdng, hiéu suét
97%, mp: 180-181 °C. IR (v cm™): 3255 (NH),
1389 (C=N), 2991 (ArCH), 808 (C-N, s-triazin),
797 (Ar-Cl). "H-NMR (500 MHz, DMSO-ds,
3 ppm): 8,96 (1H, s, NH); 7,67 - 7,72 (2H, m,
H-Ar); 7,27 (1H, d, J = 8,5 Hz, H-Ar); 7,07 (1H, t,
J =8,5Hz, H-Ar); 3,69 (8H, t, J= 4,5 Hz, -CH,-);
1,59 (4H, t, J = 4,5 Hz, -CH»-); 1,48 (8H, s,
-CHy-). ®C-NMR (125 MHz, DMSO-ds, & ppm):

164,39; 164,35; 164,01; 163,99; 157,8; 155,9;
139,6; 136,96; 136,94; 128,0; 124,6; 120,8;
120,7; 120,6; 114,7; 114,5; 43,5; 25,3; 24,3.
LC-MS (m/z) [M"’H]+ tinh toan C49H2CINg
373,1902, tim thay 373,1898.

N-  (4-clorophenyl) -4,6-dimorpholino-1,3,5-
triazin-2-amin (2b): Tinh thé& trdng, hiéu suét
98%, mp: 192-193 °C. IR (v cm™): 3258 (NH),
1389 (C=N), 2994 (ArCH), 802 (C-N, s-triazin),
793 (Ar-Cl). "H-NMR (500 MHz, DMSO-ds,
8 ppm): 8,82 (1H, s, NH); 7,65 (2H, d, J = 9,0
Hz, H-Ar); 7,01 (2H, d, J = 9,0 Hz, H-Ar); 3,70
(8H, t, J=5,5Hz, -CH,-); 3,63 (8H, t, J= 5,0 Hz,
-CH,). C-NMR (125 MHz, DMSO-ds, ppm):
164,7; 163,8; 158,0; 156,1; 136,3; 121,2; 121,1;
114,4; 114,2; 65,6; 43,2. LC-MS (m/z) [M+H]"
tinh toan C17H22C|N602 377,1487, tim théy
377,1477.

N- (4-methoxyphenyl) -4,6-di(piperidin-1-yl)-
1,3,5-triazin-2-amin (2c): Tinh thé trdng, hiéu
suat 98%, mp: 185-186 °C. IR (v cm™): 3249
(NH), 1396 (C=N), 2997 (ArCH), 801 (C-N,
s-triazin), 790 (Ar-Cl). "H-NMR (500 MHz,
DMSO-dg, 6 ppm): 8,72 (1H, s, NH); 7,57 (2H, d,
J =9,0 Hz, H-Ar); 6,83 (2H, d, J = 9,0 Hz, H-Ar);
3,70 (3H, s, -OCHj3); 3,68 (8H, t, J = 5,0 Hz,
-CH>-); 1,59 (4H, t, J = 4,5 Hz, -CH>-); 1,48 (8H,
d, J = 3,5 Hz, -CH,-). *C-NMR (125 MHz,
DMSO-ds, 6 ppm): 164,5; 164,0; 154,0; 133,8;
120,8; 113,5; 55,1; 43,5; 25,4; 24,4. LC-MS
(m/z) [M+H]" tinh toan CyH29NsO 369,2397, tim
thay 369,2299.

N-(4-methoxyphenyl)-4,6-dimorpholino-1,3,5-
triazin-2-amin (2d): Tinh thé& trdng, hiéu suét
98%, mp: 191-193 °C. IR (v cm™): 3252 (NH),
1392 (C=N), 2995 (ArCH), 809 (C-N, s-triazin),
799 (Ar-Cl). "H-NMR (500 MHz, DMSO-ds,
8 ppm): 8,90 (1H, s, NH); 7,55 (2H, d,
J =9,0 Hz, H-Ar); 6,84 (2H, d, J = 9,0 Hz, H-Ar);
3,70 (3H, s, -OCHj3); 3,68 (8H, t, J = 5,0 Hz,
-CH-); 3,61 (8H, t, J = 4,5 Hz, -CH,-). ?C-NMR
(125 MHz, DMSO-ds, 8 ppm): 164,7; 163,9;
154,2; 133,3; 121,1; 113,6; 66,3; 66,0; 55,1;
43,3. LC-MS (m/z) [M"‘H]+ tinh toan C18H25N603
373,1983, tim thay 373,1981.
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4,6-di (piperidin-1-yl) -N- (p-tolyl) -1,3,5-
triazin-2-amin (2e): Tinh thé trdng, hiéu suét
97%, mp: 179-180 °C. IR (v cm™): 3258 (NH),
1384 (C=N), 2989 (ArCH), 802 (C-N, s-triazin),
795 (ArCl). "H-NMR (500 MHz, DMSO-ds, &
ppm): 8,48 (1H, s, NH); 7,55 (2H, d, J = 8,5 Hz,
H-Ar); 7,04 (1H, d, J = 8,0 Hz, H-Ar); 3,70 (8H, t,
J =5,5Hz, -CH,-); 2,24 (3H, s, -CHj3); 1,63 (4H,
t, J = 5,5 Hz, -CH,-); 1,49-153 (8H, m, -CH>-).
*C-NMR (125 MHz, DMSO-dg, & ppm): 164,4;
163,9; 137,7; 129,6; 128,2; 119,3; 43,3; 24,9;
24,0; 19,8. LC-MS (m/z) [M+H]" tinh toan
CaoH2oNs 353,2448, tim thdy 353,2369.

4,6-dimorpholino-N- (p-tolyl) -1,3,5-triazin-2-
amin (2f): Tinh thé trdng, hiéu suat 97%, mp:
187-188 °C IR (v cm™): 3256 (NH), 1394 (C=N),
2991 (ArCH), 807 (C-N, s-triazin), 793 (Ar-Cl).
"H-NMR (500 MHz, DMSO-dg, § ppm): 8,95 (1H,
s, NH); 7,53 (2H, d, J = 8,5 Hz, H-Ar); 7,05 (2H,
d, J = 8,0 Hz, H-Ar); 3,69 (8H, t, J = 5,0 Hz,
-CH»>-); 3,61 (8H, t, J = 4,5 Hz, -CH,-); 2,23 (3H,
s, -CHs). *C-NMR (125 MHz, DMSO-dg, & ppm):
164,7; 163,9; 137,6; 130,2; 128,7; 119,7; 66,3;
66,0; 43,3; 20,3. LC-MS (m/z) [M+H]" tinh toan
C1gH25N6O, 357,2304, tim thay 357,2304.

Két qua docking phan te

Nghién ctru in silico thyc hién trén receptor
khang ung thw (DHFR) bang Autodock vina. Két
qua pre-docking cla ligand déng két tinh cho
thdy phuwong phap twong thich tét (hinh 2).
Két qua docking twong tac gitra receptor - ligand
thé hién trong bang 6 va hinh 3.

Hinh 3. Két qua pre-docking cta ligand

Bang 6. Két qua docking in silico ctia cac dan chat téng hop trén DHFR

Ligand  Ai lwc (kcal/mol) Loai lién két Vi tri lién két
Lién két hydrogen (2,16 A) N (triazin) - ALA9
1a 80 -1 (PHE34); alkyl (ILE7, ALA9, VALS,
’ Twong tac ky nwéc ILE16, LEU22, ILE6O, LEUG67); -alkyl
(PHE34, ALA9, ILE60)
Lién két hydrogen (2,32 A) N (triazin) - ALA9
1b 74 -1 (PHE34); alkyl (ILE7, ALA9, VALS,
’ Twong tac ky nwéc ILE16, LEU22, ILE6O, LEUG67); -alkyl
(PHE34, ALA9, ILE60)
Lién két hydrogen (2,36 A) N (triazin) - ALA9
1c 79 - (PHE34); alkyl (ILE7, ALA9, VALS,
’ Twong tac ky nuwéc ILE16, LEU22, ILE60, LEUG67); m-alkyl
(PHE34, ALA9, ILE60)
Lién két hydrogen (2,11 A) N (triazin) - SER59
2a 101 Lién két hydrogen (2,88 A) SER59 - NH
’ Twong tac ky nuoc -0 (LEU22, PHE31); -1 (PHE31); alkyl
" (ALA9, PRO61); mr-alkyl (ILE6O, PRO61)
Lién két hydrogen (2,26 A) O (morphin) - ALA9
2b -9,9 Lién két hydrogen (2,16 A) N (triazin) - SER59

Lién két carbon hydrogen (3,78 A) C (morphin) - ILE16
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Twong tac ky nwéc

-0 (LEU22); Tr-1r (PHE34); alkyl (ALA9,
ILE16, LEU22); Tr-alkyl (PHE34, ILE60)

Lién két hydrogen (2,27 A)

N (triazin) - SER59

Lién két hydrogen (2,51 A)

SERS59 - NH

Lién két hydrogen (2,32 A)

SERS9 - NH

2c -9,6 Lién két carbon hydrogen (3,59 A) C (piperidin) - ILE16
Lién két carbon hydrogen (3,50 A) C (piperidin) - ASP21
Tuong téc ky nuéc m-o (LEU22, PHE31); - (PHE31);
" m-alkyl (PHE34, ILE60, PRO61)
Lién két hydrogen (2,21 A) N (triazin) - SER59
Lién két carbon hydrogen (3,69 A) O (morphin) - GLY17
2d -9,1 Lién két carbon hydrogen (3,31 A) C (morphin) - ILE16
Tuong the ky nude m-0 (LEU22, PHE31); m-m (PHE31);
" m-alkyl (ILE6O, PRO61)
Lién két hydrogen (2,20 A) N (triazin) - SER59
Lién két hydrogen (2,32 A) SER59 - NH
Lién két carbon hydrogen (3,53 A) C (piperidin) - VAL115
2e -10,4 Lién két carbon hydrogen (3,33 A) C (piperidin) - TYR121
m-0 (LEU22, PHE31); 11-11 (PHE31); alkyl
Twong tac ky nwéc (ILE16, PROG61); T-alkyl (PHE34, ILEGO,
PRO61)
Lién két hydrogen (2,00 A) N (triazin) - SER59
Lién két hydrogen (2,13 A) O (morphin) - THR146
Lién két carbon hydrogen (3,31 A) O (morphin) - GLY17
of 102 Lién két carbon hydrogen (3,62 A) C (morphin) - ALA9

Lién két carbon hydrogen (3,47 A) C (morphin) - TYR121

Twong tac ky nuwéc

m-0 (LEU22, PHE31); T-1r (PHE31); alkyl
(ALA9, ILE16, LEU22, PRO61); m-alkyl
(ILE60, PRO61)

Cac dan chét 1,3,5-triazin déu tao dwoc lién
két hydrogen v&i receptor DHFR, trong d6 dan
chéat 2c va 2f c6 nhiéu lién két hydrogen nhét.
Dan chét 2a (-10,1 kcal/mol), 2b (-9,9 kcal/mol),
2e (-10,4 kcal/mol) va 2f (-10,2 kcal/mol) cho ai
lwc tbt nhat véi receptor. Cac dan chat mono-
thé 1,3,5-triazin tao lién két hydrogen véi ALA9

nhuwng cac dan chét tri- thé 1,3,5-triazin tao lién
két hydrogen chu yéu véi SER59 va tao nhiéu
lien két hydrogen hon. Diéu nay cho thdy sw
gan nhom thé piperidin-1-yl va morpholino vao
nhan 1,3,5-triazin 1am tang dang ké ai luc voi
receptor DHFR.
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2e

2f

Hinh 4. M6 hinh 3D vé s turong tac trén receptor DHFR.

Két luan

Mé6t s6 dan chét tri- thé 1,3,5-triazin dwoc
tbng hop thanh céng véi sy hd tro vi soéng.
Nhiing yéu t& anh hwéng dén hiéu suét téng
hop dan chét tri- thé 1,3,5-triazin nhw ty 1& mol,
nhiét do va thoi gian phan &rng da dwoc phan
tich théng ké theo mé hinh tdm phic hop
(CCRD) va phwong phap bé mat dap tng
(RSM). Hiéu suét t6i wu dat dwoc 97 - 98%
twong trng vé&i cac diéu kién sau: ty 1& mol amin/
hop chét 1 (2,57), nhiét do (107,44°C) va thoi
gian phan &ng (17,64 phut). Nghién ctru in silico
cho thdy dan chét tri- thé 1,3,5-triazin c6 ai luc
tét voi receptor DHFR. Nghién clru nay sé tiép
tuc dwoc thwe hién dé téng hop thém cac dan
chét 1,3,5-triazin va thtr hoat tinh doc té bao
trén HepG2 va MCF7.

Dé tai duoc tai tro béi Nha tai tro thudéc Tap
doan Vingroup va hé tro béi chuong trinh hoc
béng dao tao thac si, tién si trong nuwéc clia Quy
D6i méi sang tao Vingroup (VINIF), Vién Nghién
cku Dir lieu Ién (VinBigdata), ma sé
VINIF.2020.ThS.42.
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Nghién ctru thuy phan chon loc lap thé
(RS)-1-(4-(2-amino-2-oxoethyl)phenoxy)-3-
cloropropan-2-yl acetat bang enzym lipase ig dung
trong téng hop (S)+(—)-atenolol

Pham Ngoc Tuin Anh"", Pinh Hitu Thanh®

Vii Thanh Thao’, Trin Cat Péng’

'Khoa Duwoc, T ruwong Pai hoc Cong nghé Thanh phé Hé Chi Minh
2Céng ty C6 phan Duwoc phiam Bén Tre

3Khoa Duoc, Pai hoc Y Duoc Thanh ph5 Ho6 Chi Minh

Summary
The present study describes an efficient lipase-catalyzed enantioselective kinetic resolution of
(RS)-1-(4-(2-amino-2-oxoethyl)phenoxy)-3-chloropropane-2-yl acetate. Various reaction parameters
(lipase, (RS)-ester/lipase ratio, reaction time, reaction medium) were optimized in order to achieve
good enantioselectivity. The enantiopure (R)-ester acetate was obtained in 70% yield by using the
lipase from Pseudomonas fluorescens with the (RS)-ester/lipase ratio = 2,85/10 (w/w) in phosphate
buffer pH 7.0 at 37 °C for 2.5 hours. The (R)-enantiomer intermediate was then used for (S)-(-)-

atenolol synthesis.

Keywords: (S)-(-)-atenolol, lipase, Pseudomonas fluorescens, atenolol, p-blocker.

it van dé

Atenolol thudc nhém thubc chen beta dwoc
st dung phd bién trong didu tri cac bénh tim
mach nhw cao huyét ap, dau that ngwc, nhoi
mau co tim cap. V&i mét trung tam carbon bat
ddi, atenolol c6 hai ddng phan quang hoc nhuwng
chi déng phan (S)-(-)-atenolol méi c6 tac dung
e ché thu thé p;. Nghién ctu da chung minh
viéc str dung don tri liéu (S)-(-)-atenolol cho tac
dung chon lgc trén tim gitp tranh dwoc tac dung
phu gay ra cta ddng phan (R)-(+)-atenolol .
Trong nghién ctu nay, (RS)-1-(4-(2-amino-2-
oxoethyl)phenoxy)-3-cloropropan-2-yl acetat,
mot chét trung gian quan trong trong quy trinh
tdng hop (S)-(-)-atenolol, dwoc nghién ciru thuy
phan ester hwdng chon loc 1ap thé bang enzym
lipase nham &ng dung trong tédng hop (S)-(-)-
atenolol trong diéu kién Viét Nam.
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Ngay phan bién: 24/3/2021
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Nguyén liéu va phwong phap

Nguyén liéu

Cac nguyén liéu st dung trong nghién ctru
dwgc mua tir cac hdng hoéa chét nhw Acros
Organics (Geel, Bi), TCl Chemicals (Tokyo,
Nhat) va Merck (Darmstadt, Dlrc).

Thiét bj

Nhiét d6 néong chdy dwgc do trén may do
diém chay Gallenkamp (Sanyo, Anh). Phd cong
hwédng tir hat nhan "H-NMR duwoc do trén may
Bruker Avance 500 MHz (Bruker, M§). Phd khéi
do trén may Shimadzu LCMS-IT-TOF
(Shimadzu, Nhat Ban).

Phwong phap nghién ciru

Hén hop racemic (RS)-1-(4-(2-amino-2-
oxoethyl)phenoxy)-3-cloropropan-2-yl acetat
((RS)-ester) dwgc nghién ctru thdy phan chon
loc lap thé bang enzym lipase dé (ng dung
trong tdng hop (S)-(-)-atenolol theo so dd 1122,
Céac lipase sl dung trong nghién clru tw
Candida rugosa (code L1754, Merck), Candida
antartica (code L4777, Merck), Pseudomonas
fluorescens (code 534730, Merck).
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