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Abstract

An efficient and straight forward approach towards the synthesis of cis-1-tosyl-2-tosyloxymethyl-3-
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Therefore, the reactivity ring opening of azmdmc 6 was explored with mononucleophilic reagent. The structure of
products were elucidated by the NMR, IR and MS spectrocopy
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1. MO PAU

Viée gin flo hodc nhém thé CF, vio cac dj vong
s& t20 ra nhiing thay déi lam gia ting hoat tinh sinh
hoc ctia hop chat do bién ddi tinh kiém, tinh va ma,
d$ 6n dinh chuyén hoa va sinh kha dung ciia ching
[1-4]. Véi dic tinh ndy, cac dj vong thé CF; la déi
tuqng cudn hit nhimg nha héa hoc hinu co nhim tao
ra cac hop chét ¢ hoat tinh sinh hoc ly tha. Cac h
chit azindin chira nhém triflometyl 13 céc hop chat
c6 hoat tinh sinh hoc manh (5] va l1a nhimg synthon
quan trong cho céc téng hop cic hop chét mflometyl
c6 chira nito do chit ndy ¢6 sirc cing vong 1én nén
d& dang tham gia cac phan img m& vong bdi chc tac
nhan nucleophin [6]. Vi vdy, huéng nghién ciru téng
hep va kha ning mé& véng chon loc cic hop chit
aziridin rét cé y nghta khoa hoc va thc tién. Trong
bai bo nay, ching t6i théng bio nghién ciru tdng
hop cis-1-10syl-2-tosyloxymetyl-3-
(triflorometyl)aziridin va phan img m¢ vong aziridin
nay bing phenol vA 3-metylphenol nhan dugc cac
chit 3-phenoxi-2-triflometyl-1-tosylazetidin va 3-(3-
metylphenoxi) 2-triflometyl-1-tosylazetidin.

2. THUC NGHIEM

Phd cng huéng tr proton 'H-NMR (300 MHz),
“C-NMR (75 Hz) vi ""F-NMR (282 MHz) duge do
trén mdy cong huéng tir hat nhan JEOL ECLIPSE
plus, Nhat Ban. Phé céng hudng tir proton '"H-NMR

(500 MHz) va cacbon “C-NMR (125 MHz) duoc do
trén may cong huéng tr hat nhin Avance 500
(Bruker, CHLB Dirc). Phé khdi lugng MS do tai Vién
Hoa hoc, Vién Han 14m Khoa hoc va Cong nghé Viét
Nam. Diém néng chay duoc do trén may Boctius.

Quy trinh tong hop céc hop chit Mbenzylimin 2,
hop chit aziridin 3, hop chit 1 -benzyl-3-
hydroxylmetyl-(2-triflometyl)aziridin (4), hop chét
3-hydroxylmetyl-(2- mﬂometyl)azmdm (3) duoc
tién hanh nhu bai bdo dugc cong b trude day cia
chung ta1 [11).

Téng hop hop chit cis-1-tosyl-2-tosyloxy metyl-3-
(triflorometyl)aziridin 6

Hén hop dung dich phan img cia 2
hydroxymetyl-3-(triflorometyl)aziridin =~ (5) (0,5
mmol) trong cloroform & nhiét dé phong dugc cho
thém frictylamin (1,0 mmol), tosyl clorua (1,!
mmol) va dlmerylammopyndm (0,01 mmol). Phan
ing duoc khudy trong 2 giy & nhlel d6 phong. Sau
d6 hén hgp phén img duvc dun héi hru trong 3 gio
va cb quay dudi ap sual giam loai dung mér thu
dugc san pham thd. Tinh ché san phim the bAng sic
ky ¢6t thu duge san pham sach 6 vé hiéu suat 41 %.
Hop chit & dang tinh thé maa tring.

'H NMR (300 MHz, CDCl): & 2,45 (3H, s,
OCH,), 2,47 (3H, s, OCH3), 3,26-3,40 (2H, m, H-2,
H-3), 4,074,19 (2H, m, CH,), 7,34 (2H, d, J = 8,3
Hz, H-2’, H-6"), 7,38 (2H, d, J = 83 Hz, H-2",
HE™), 7,69 (2H, d, J = 8,3 Hz, H-3’, H-5"), 7,80
(2H, d, J = 83 Hz, H-3"", H-5"). *C NMR (75
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MHz, CDCly): § 21,7 (CH,), 21.8 (CH,), 39,7 (q.
J(CF) = 41,6 Hz, CHCF,), 39,9 (CH), 65,0 (d, J =
2,3 Hz, CH,), 122,1 (q, J(CF) = 2754 Hz, CF;),
128,0 (2xCH), 128,4 (2xCH), 130,0(2xCH), 130,1
(2xCH), 132,0 (C), 132,8(C), 145,5 (C), 146,1 (C).
F NMR (282 MHz, CDCl,): 6 -65,81 ppm (d, Jue
=6,6 Hz). IR (cm™): vy, = 1364, 1338, 1290, 1166,
1148, 1091, 984, 879, 740, 678, 666 cm™. MS (70
eV): miz (%) 467 (M'+NH,, 100). HRMS (ES-
TOF) m/z tinh toan dugc tir CigHyFaN,0sSy:
461,0922; trén phd tim thay 13 467,0923

Téng hop cis-3-phenoxi-1-tosyl-2-
(triflometyl)azetidin 7a

Dung djch cia cis-1-tosyl-2-tosyloxymetyl-3-
(triflorometyl)aziridin 6 (50 mg, 0,11 mmol) trong
DMF (5 mL) dugc thém K;CO; (76 mg, 0,55 mmol)
va phenol (12 mg, 0,13 mmol), dun hdi lwu trong 4
gid. Két thic phan g, thém nuée (10 mL), chiét
sin pham bing dung mé1 diclometan (3x5mL) Dich
chiét dugc rira bing HC! 10% (3xSmL) va NaHCO;

10% (3x5mL), 1am kho bing MgSOQs, sau dé cd cht

quay loai dung méi thu dugc san pham thd. Tinh ché
san phim bing céch tich trén cét sihcal gel thu sin
phim cis-3-phenoxy- 1 -tosyl-2-(tnfluorometyl)
aziridin 7a.
*Cis-3-Phenoxi-1-tosyl-2- (mflomelyl)azendln 7a.

San phim dang tinh thé mau tréng, diém chay:
115-116 °C, R 0,15 (Petroleum ete/EtOAc 9/1), higu
sult: 38%.

'H NMR (500 MHz, CDCly): & 2,46 (3H, s,
OCH;), 4,10 (1H, dxd, J = 9,7, 6,0 Hz, H-42), 4,46
(1H, dxd, J = 9,7, 8,0 Hz, H-4b), 4,82 (1H, dxq, J =
7.3, 7.3 Hz, CHOAr), 5,07-5,11 (1H, m, CHCF;),
6,74-6,75 (2H, m, H-2’, H-6"), 7,01 (1H, ~t, J= 7,4
Hz, H-4’), 7,27-7,29 (2H, m, H-3’, H-5"), 7,36 (2H,
d,J=8,2 Hz, H-3", H-5""), 7,79 (2H, d, J= 8,2 Hz,
H-2, H-6""). ®*C NMR (125 MHz, ref = CDCL): &
21,7 (CHy), 57,2 (CH,), 64,6 (1C, q, / = 33,0 Hz,
CHCF;), 654 (CH), 1150 (2xCH), 122,6 (CH),
1230 (q, J = 285,8 Hz, CFy), 128,0 (2xCH),
129,8(2xCH), 129,9 (2xCH), 134,2 (C), 144,8 (C),
156,4 ppm (C). "’F NMR (282 MHz, CDCl,): § = -
71,24 ppm (3F, d, Jyr = 7,9 Hz). IR (cm™): Vou, —
2930, 1598, 1495, 1358, 1250, 1155, 1101, 1029,
813, 689, 473 cm”. MS (70 eV): m/z (%): 372

(M'+1, 100). HRMS (ES-TOF) finh toin cia
C;H,;;FsNO,S: 372,0881, trén phé tim thay la
372,0847

‘Cis-}-(m-lolyIoxi)-l-tosyl-l—(lriﬂometyl) azetidin

Quy trinh tdng hop hop chét 7b tuong ty phur 7a
nhung thay tac nhan nucleophm phenol, bing m-
metylphenol. 7b 1 chat dang bot mau rréng, Re=
0,60 (Hexan/EtOAc: 80/20), diém chay = 180-183
°C, hiéu suft phan img dat 95 %.

Nguyén Vén Tuyén va cpng sy

'"H NMR (500 MHz, CDCl;) 6 ppm: 7,98 (2H, d,
J=8,5 Hz, H-2’, H-6’); 7,35 (2H, d. J = 8,5 Hz, H-
3’, H-5"); 7,14 (1H, t, J = 8,0 Hz, H-5"); 6,82 (1H, d,
J = 8,0 Hz, H4"); 6,58 (1H, s, H-2"); 6,51 (1H, dd,
J=2,5,8,0 Hz, H-6"); 5,07 (1H, g, H-3); 4,81 (IH,
m, H-2); 4,45 (1H, dd, J = 6, 10 Hz, H-da); 4,07
(1H, dd, J = 6, 10 Hz, H-4b), 2,45 (3H, s, H-T");
2,32 (3H, s, H-7"). >C NMR (125 MHz, CDCl,) 6
ppm: 156,4 (C-1"); 144,8 (C-1'); 140 (C-3"); 134,2
(C-4); 129,9 (C-2’, C-6’); 1294 (C-5™); 127,9 (C-
3", C5"); 123 (CFy); 1233 (C4™); 116 (C27);
111,6 (C-6”); 65,3 (C-3); 64,6 (C-2, q, 33 Hz); 57,2
(C-4); 21,6 (C-7"); 21,4 (C-7"). HRMS (ES-TOF)
tinh todn cia C,gHsF;NO,S: 386,1038 tim théy trén
phd [M+H]'": 386,11962. IR cm’': 2924; 2860; 1649;
1592; 1155 em™.

3.KET QUA VA THAO LUAN

Cac din xuét aziridin 3, 4 va 5 duge téng hop
qua cac budc phan img theo nhu so dd 1[11]. Péu
tién, phan (mg imin héa etyl trifloaxetadehit
hemiaxetal 1 v6i benzyl amin trong dung méi toluen
duqc dun héi lvu 48 gio nhin duoc hop chét imin 2.
Tiép theo, phan itng dong vong tao thanh hop chét
aziridin khi imin 2 tdc dung v&i etyl diazoaxetat
trong dung méi dietyl ete c6 mat xiic tic axit Lewis
BF).Et;O tai -78 °C trong 4 gitr [8), nhén dugc sin
pham aziridin 3 voi hiéu suit phan img 94 %, Cu
tnic cha san pham duoc chimg minh béng cic
phuong phap pho Phd 'H NMR ctia hop chit 3 cé
cic tin hiéu cdng hudmg tar 8y 1,27 ppm (t, 3H, CH,)
va 8y 4,23 ppm (dq, 2H, CH,) dic trung cho nhém
metyl va metylen trong nhém thé COOC,H;. Cic tin
hiéu dac trung cho nhom thé benzyl tai &4 3,78 ppm
(2H, s, CH,-C(H;) va 7,28-7,41 ppm (SH, m, C¢Hs).
Ngoai ra trong phé 'H NMR cua hop chit 3 con xudt
hién cac tin hiéu cdng huong proton dic trung cha
hop chét azmdm tai & 2,43 ppm (1H, dg, CHCEF;)
véi hiing s6 tuong tac J = 6,6 Hz; 5,5 Hz va tin hleu
tai & 2,56 ppm (1H, d, CHCOOC,Hy) véi hing so
twong tac J = 6,6 Hz. Tir d6 ¢6 thé khing dinh cau
tric cua san pham 14 cis-aziridin 3. Trong phd "F
NMR xuit hién tin hiéu -67,3 (d, J = 5,7 Hz) dac
trung cho CF, cha aziridin.

Phén ‘mg khir héa nhom este cua azirdin 3
thanh nhém hydroxylmetyl sir dung tac nhan khir la
LiAlH, trong dung md1 THF (9]. Phan img dugc tién
hanh ta1 nhiét d6 phong trong 2 gio, nhén dugc san
pham cis-1-benzyl-3-hydroxylmetyl-
(2triflometyl)azirtdin (4). Chu mic cua hop chit 4
ciing duge chimg minh bing cic phuong phap phd.
Trong phd 'H NMR cta hgp chat 4 ngoar cac tin
hiéu proton cua nhém benzyl, CHCF,, CHCHCF,
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Nghién ciru (ng hop va mo vong...

cdp xuit hién tin hiéu proton cia nhém Hz, CH,OH). Twong ty trong phd "F NMR xuat
hydroxylmety! tai 8 3,73 ppm (2H, dt, J = 6,6; 16  hién tin hi¢u CF, 1 - 64,5 ppm (d, J = 5,4 H2).

$ O e

0

OH i
, toluen, héi ru H BF4, Et,0, THF CFg/As\COOEl
8, 0% 2 -78°C, 4h, 94%
LIAIH,, THF,
{° phong,
2h, 75%
Ts
H
/A\/ o TsCl, EtzN, DMAP H PA(OH), H, Tbar !
s -—
OH oH
R CHCIy , t° phong,-2h, CFJA/ CH4C. (© phimg.
héi luu, 3h, 41% 5 24h, 83% 4

S0 dé 1: Téng hgp din xuit aziridin 6

Loai bé nhém benzy! cuia 4 bing cach hydro héa
véi xic tic Pd(OH), 20 %/C trong dung mdi
CH,Cl;. Phin img dugc duy tri trong 24 gid tai nhiét
46 phong tao thanh san pham cis-3-hydroxylmetyl-
2+ (rnﬂomctyl) aziridin (5). Chu tric cia san pham
dugc xic dinh bing phd 'H NMR. Trong phd 'H
NMR cua chit 5 xuat hién tin hiéu proton cia nhém
metylen tai & 3,74 ppm (2H, dt, J = 6,6; 16 Hz,
CH,OH) va hai tin hiéu proton H-2 va H-3 dic trung
ciia din xuft aziridin tai 8, 2,62 ppm (1H, dq, J =
6,6, 5,4 Hz, CHCH,OH ) va 2,78 ppm (1H, dq, J =
6,6; 5,4 Hz, CHCF,). Trong phé "F NMR xuét hién
tin hi¢u CF; 13 - 65,3 (d, /= 5,7 Hz,).

Tiép theo, aziridin 5 phan img véi 2 duong
lrong TsCl trong méi trudmg kidm Et;N v xic tac
DMAP. Phan img dugc duy tri ¢ nhiét d6 phong
trong thi gian 2h, sau 46 dun héi luu 3h nhin duqc
san pham tniflorometylditosylaziridin 6 véi hiéu sudt
41%.

Trén phd 'H NMR cua chét 6 xuét hién tin hiéu
ctia hai nhém metyl coa tosyl & &, 2,45 ppm (3H,s)
vi 8 2,47 ppm (3H, s). Ngoél ra, con xuat hién cac
tin hiéu cva hai nhén thom thé 1,4 cta ha vong tosyl
& 7,34 ppm (2H, d, J = 8,3 Hz), 7,38 ppm (2H, d, J =
8,3 Hz), 7,69 ppm (2H, d, J = 8,3 Hz), 7,80 ppm

(2H, d, J = 8,3 Hz) va tin higu cia hai hidro trong
vong aziridin & 4,07-4,19 ppm. Trong phd '°F NMR
xudt hién tin higu CF; 14 -65,81 ppm (d, J = 6,6 Hz).
Ti 46 cho phép khing dinh san phim 6 la
triflorometylditosylaziridin.

Aziridin 12 hop chit véng ba chira nito, cb sic
cang vong 16n nén d& dang tham gia phan tmg m&
vong béng céc thc nhan nucleophin tao thanh cdc
hop chét dj vong méi. Hon nita, do gén thém nhém
CF; c6 kha nang hat dién tir manh s& 1am thay 61
tinh chit héa hoc cua aziridin nhu Jam tang tinh
electronphin cia cacbon trong vong aziridin. Véi
myc tiéu nghién cifu tinh chit héa hoc ciia aziridin
chira nhém CF, va tim liém céc hop chit 6 hoat
tinh sinh hec 1y thi, ching t5i nghién ciru phan img
m& vong cua  cis-1-tosyl-2-tosyloxymetyl-3-
(trifluorometyl) aziridin 6 véi cic tic nhan md vong
la phenol va 3-metylphenol.

Mo vong ditosyl bing phenol

Phan img m& vong cis-1-tosyl-2-tosyloxymetyl-
3-(triflorometyl)aziridin 6 véi 1,2 duong luong
phenol trong sy ¢cé mat cba § duong Iuong K;COs.
Phan img dugc dun hdi luu trong dung mul DMF tz0
thanh cis-2-CFy-azetidin 7a véi hiéu subt cao (73 %)
(s0 dd 2).

OH

Ts,
Ts 1.2 duong lugng N
N J:l
OTs FaC [e]
FaCA/ 5 duong luang K,CO;4
6 DMF
Ta 73%

So db 2: Mé vong ditosyl bing phenol
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Pho 'H-NMR cua chit 7a c6 cic tin higu dic
tnung céia hidro nhan benzen thé 1,4 tar & (ppm)
7,78 2H,d,J = 8,0 Hz, H-2', H-6"); 7,36 (2H, d, J =
8,0 Hz, H-3’, H-5") va céc tin hi¢u cua nhan thom
cia nhém phenoxi & & (ppm) 7,26-7,29 (2H, m, H-
3, H-5""), 7,01 (1H, t, J = 7,5 Hz, H4""); 6,75
(2H, d,J= 17,5 Hz, H-2"", H-6""). Ngoai ra trén phé
con xuat hién céc tin hiéu cia cac hidro trong vong
azetidin & &, (ppm) 5,06-5,11 (1H, g, H-3), 4,80-
4,83 (1H, m, H-2), 4,44-4,48 (1H, q, H4a) va 4,09-
4,12 (1H, q, H-4b). Tin hiéu singlet & 2,46 dic
trumg cho 3H nhém CH, vong tosyl.

Trén phé “C NMR thé hién céc tin hidu nhan
thom cua tosyl ¢ 144,8 (C-17); 134,2 (C-4’); 129,9
(C-2", C-6"); 128 (C-3', C-5"); tin higu nhan thom
ctia nhém phenoxi & 8. (ppm) 156,4 (C-17); 129,8
(C-5™); 123,3 (C4"); 115,0 (C-2"); 111,6 (C-6"); tin
higu cia cacbon vong azetidin tai 65,4 (C-3); 64,6
(C-2, g, 33 Hz), tin hiu tai 123,0 (g, 285,8 Hz) 1A
ctia CF,, 57,2 cia cacbon C-4; tin hiéu cia nhém
CH, tosy! & 21,7 ppm. Trong phd "F-NMR xvat
hién tin higu CF; tai -71,24 (3F, d, Jur = 7,9 Hz).
Két hgp cic phuong phép phd khic IR, MS va

Nguye:n Vén Tuyé}l va cong su
HRMS cho phép khing dinh 7a 1A cis-2-CF;-
azetidin.

Cé thé giai thich sy hinh thanh san phdm 7a nhu
sau: do vdng aziridin ¢6 nhém thé CF, c6 kha nang
hit dién tir manh dén dén Jam ting tinh electronphin
cia cacbon trong vong azirdin. Vi thé tic nhin
nucleophin phenol cé thé tin céng vio cacbon cua
nhém CH, lién két véi nhém tosy! theo huéng a
hofic tn ¢bng vio vi tri C-2 cia vong aziridin theo
huéng b hodc tin cong vio C-3 cua vong aziridin
theo huéng ¢ dé hinh thanh cc sin phdm tuong img
(so @3 3). Do nhém CF, 1a nhém hot dién tir manh
nén vj tri C-2, C-3 cia vong azindin c6 tinh
electronphin cao hon so v6i cacbon cia nhém CH,
lién két vdi tosyl do d6 tic nhan nucleophin s& tin
cong vao vj tri C-2 (theo huéng b) lao thanh san
phim m& vong trung gian TS1, hogc tin cong vao
C-3 (theo huéng c) tao thanh san phém trung gian
TS2. Tuy nhién, so sanh har trang thai trung gian
TS1 va TS2 thi trang théi trung gian TSI bén hon
TS2 va kha ning déng vong tao vong azetidin cha
TS1 dé dang hon so véi trang thai TS2.

Ts g N Ts
N oTs c N\o Ts\ﬁf\ S
— 2(oTs
FiC Fe & FiC OA
OAr 3 r
182 Onr TS1
| : l
Ts
°N Ts Ts,
ol r n,
: Fac’u\’OA' e’ oar
OAr 8a 7a
8b

So dé 3: Co ché mo vong ditosyl bing phenol

Phan img m& vong hop chit ditosyl 6 rét Iy thiz.
Nhur da chu-ng minh ¢ trén, phan img mé vong chi
xdy ra khi c6 tAn cong cua phenol theo huéng b tao
thanh san phim 7a. Khong nhin dugc bit ky san
phim 8a v4 8b di & dang vét, k.héng dinh phin img
khong xay ra theo hudng a va c. Két qué ndy khéng
dinh vai trd quen trong cia nhém CF3 quyet dinh
huéng m& vong cua azindin 6.

M vong ditosyl bing m-metylphenol

Tiép tuc nghién ciru phan img mé vong cis-1-
tosyl-2-tosyloxymetyl-3-(triflorometyl)aziridin 6
véi  thc nhan mononucleophin la m-metylphenol,
trong sy ¢ mat cua 5 duong lugng K,CO;, trong
dung méy DMF, théi gian phan (mg 4 g1, tao thénh
san phim cis-2-CFs-azetidin 7b véi hiéu suat 95 %
(s0 db 4).

OH Ts,
LS 1.2 duong Ivgng N N
e
Fy€ [0)
OTs ¥
F;C/L\" 5 duong lugng K,CO;3 Me
6 DMF
b 95%

So dé 4: md vong ditosyl bing m-metylphenol
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Trén phd 'H NMR cia hop chit 7b thily céc tin
hiéu cua hidro cua vong benzen thé 1,4 & & (ppm)
7,98 (2H, d, J = 8,5 Hz, H-2’, H-6’); 7,35 (2H, d, J =
8,5 Hz, H-3’, H-5’) va céc hidro ciia nhan thom thé
1,3 ciia nhém phenoxi & &, (ppm) 7,14 (1H, t, J= 8,0
Hz, H-5"); 6,82 (1H, d, J = 8,0 Hz, H4™); 6,58 (1H,
s, H-2"); 6,51 (1H, dd, J = 2,5, 8,0 Hz, H-6"), cédc tin
hiéu cuia hidro trong vong azetidin tuong ty nhu hgp
chit 7a & & (ppm) 5,07 (1H, g, H-3); 4,81 (1H, m,
H-2); 4,45 (1H, dd, J = 6, 10 Hz, H4a); 4,07 (1H, dd,
J = 6, 10 Hz, H4b) va tin hiéu cia CH, cia nhom
phenoxi & & 2,45 ppm (3H, s), tin hiéu cia CH; clia
vong tosyl & & 2,32 ppm (3H, s).

Trén phé C NMR xuét hién céc tin higu nhén
thom cua vong tosyl & & (ppm) 144,8 (C-1°); 134,2
(C4%; 1299 (C-2°, C-6); 127,9 (C-3', C-5°); tin
hiéu nhin thom cia nhém (3-metyl)phenoxi &
(ppm) 156,4 (C-1"); 140,0 (C-3"); 129,4 (C-5");
123,3 (C4™); 116 (C-27); 111,6 (C-6™); tin hiéu cia
cacbon vong azetidin 65,3 (C-3); 64,6 (C-2, q, 33
Hz), tin hiéu tai 123,0 (q, 273Hz2) la cba CF;, 57,2
cta cacbon C-4; tin hiéu cua hai nhém CHj cua
nhém tosyl v m-metylphenyl & & (ppm) 21,6 (C-7°)
vA 21,4 (C-7"). Chc dir ligu phd cho phép khing
dinh  sin  phim Tb 1i  cis-1-tosyl-3-(m-
metylphenoxi)-2-triflometylazetidin. Co ché hinh
thinh hgp chit 7b twong tw nhu 7a.

4. KETLUAN
Chiing t3i 83 tong hop duoc din xudt aziridin méi
cis-1-tosyl-2-1osyloxymetyl-3-(triflorometyl) aziridin

6, qua cac phan (mg imin héa, véng héa, khir héa va
hydro hoa va phan img thé véi hiéu suét cao.

Lién h¢: Nguyén Vin Tuyén

Nghién cinu 16ng hop va md vong...
Ching t6i da nghién cia phin {mg IT’IC'J' vbl:ng
chon loc hop chét cis-aziridin 6 bing tic nhin
mononucleophin va thu dugc sin pham cis-azetidin
7a-b.
L&i cdm on: Cdc tdc gia cam on sy 1di trg cua d_é
tai hop tdc song phirong Viét-Bi gitta Quy phdt trién
KH va CN Quéc gia (NAFOSTED) va Flanders
(FWO) dé thue hién céng trinh nay.
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