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SUMARY

STUDY ON THE STRUCTRAL AND BIOLOGICAL ACTIVITY OF
COMPLEXES Zn(II) WITH 2 - ACETYLPYRIDINE
THIOSEMICARBAZONE

The ligand 2 - acetylpyridine thiosemicarbazone (Hthacpyr) was synthesised from the
reaction of 2 - acetylpyridine and thiosemicarbazide. It reacts with zinc nitrates, in the
absence of ammonia to form Zn(thacpyr),. Structure and spectroscopic of ligand and
its complex has been studied. The result of methods: IR, Ty -NMR, Be -NMR, MS and
X -ray diffraction show that in the complex, ligand was deprotonated and behaved as
tridentate ligand, bonding to Zn(ll) via N(I), Npyridine and S donor atoms. The
antimicrobial, antifungal of the ligand and its complex has also been investigated. The
biological activity of the complexe was higher than that of the free ligand.

Keywords: Ligand, 2 - acetylpyridine thiosemicarbazone, complexe, ligand,
antimicrobial and antifungal

1. MO PAU va phic chit PdII) voi N@4)-
Cac thiosemicacbazon va phirc chit cua phenylthiosemicacbazon 2-benzoylpyridin
ching véi cac kim loai chuyén tiép lubn va Pd(I), Pt(I) voi thiosemicacbazon 2 -
nhan dugc su quan tdm dac biét boi hoat cacbandehit pyridin déu co kha nang chéng

tinh sinh hoc ctia n6. Hién nay, xu hudng lai cac dong té bao ung thu nhu MCF-7,
nghién ciru cac phac chat trén co so TK-10, UACC-60. Céac cong trinh nghién

thiosemicacbazon nham tim kiém cac hop ctru, tong hop, thir nghiém mot sd dan xuét
chat ¢6 hoat tinh sinh hoc cao, it doc hai dé thiosemicacbazon 2-axetypyridin va cac
str dung trong y dugc. Cac tac gia [1, 6] da phtic chat cta chiing vé kha nang chong sot

nghién ctru va dua ra két luan 1a ca phdi tir rét, herpes simplex virus (HSV1-HSV2),
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hoat tinh trc ché sy phat trién ciia cac té bao
ung thu [3, 4] ... Trong bai bao nay, chung
t6i dua ra qui trinh tong hop phoi tir
thiosemicacbazon 2 - acetylpyridine
(Hthacpyr), phtic chat ctia né v6i Zn(Il) va
nghién ctru cdu tao ciing nhu kha ning
khang khudn, khing ndm cua ching.

2. THUC NGHIEM

2.1. Héa chat

Cac hoa chét duoc sir dung trong tong hop
déu 1a cac hoa chat tinh khiét gom:
thiosemicacbazit, 2- axetylpyridin ctia Drc,
etanol va ZnCl,.6H,O cua Trung Quéc.

2.2. K¥ thuat thuc nghiém

Phd IR duoc ghi trén mdy quang phd
FTIR Affinity - 1S trong vung 4000 -
400 cm™ va phé cong hudng tir 'H, 1°C
- NMR dugc ghi trén may Brucker -
500 MHz & 300 K tai Khoa Hoéa hoc,
Truong PHKHTN, PHQGHN. Ph6 MS
duoc ghi trén may LC-MSD-Trap-SL
tai Phong cAu tric, Vién Hoa hoc. Phd
nhidu xa tia X don tinh thé duoc ghi
trén may Bruker D8 Quest ¢ nhiét do
100 K, ddi am cuc Mo véi budc song
Ka (A = 0,71073 A), tai B mon Hoa
V6 co, Khoa Hoéa hoc, Truong
DHKHTN, PHQGHN.

Hoat tinh sinh hoc cta cac hop chét
duoc thtr tai Phong thur hoat tinh sinh
hoc cta Vién Hoéa hoc cac hop chét
thién nhién, Vién Han lam Khoa hoc va
Cong nghé Vi¢t Nam.

2.3. Tong hop phdi tir va phirc chit

a. Tong hop phéi tir Hthacpyr

Hoa tan 0,01 mol thiosemicacbazit
(0,91 g) trong cbc thuy tinh 100 ml
chira san 30 ml nudc da duoc axit hoa
bang dung dich HC1 6 pH = 1 - 2. Sau
d6 d6 tir tir dung dich nay vao cbe chira
15 ml dung dich etanol da hoa tan 0,01
mol 2 - axetylpyridin (1,2 ml). Hon hop
dugc khudy ¢ nhiét o phong trén may
khudy tir t6i khi xut hién két tia mau
trang thi khudy thém 2 gio nita. Loc két
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ta trén phéu loc day thuy tinh xbp, rira
bfmg nudc, hdon hop etanol nudc (ty 1€
vé thé tich 1a 1 : 1), cubi cung bang
etanol. San pham duoc 1am kho trong
binh hat am dén khéi luong khong doi,
higu suét 1a 83%.

b. Tong hop va két tinh lai phirc chdt
Zn(thacpyr);

Téng hop phac chit: Phirc chat
Zn(thacpyr), duoc tong hop bang cach
khudy 1an lwot hdn hop ciia 0,002 mol
dung dich mubi ZnCl, 0,2M (10 ml), da
dugc diéu chinh méi trudng bang dung
dich NHj3 dac cho t6i khi tao thanh phitrc
amoniacat tan hoan toan (pH = 9 — 10)
v6i 40 ml etanol néng chira trong cdc
chiu nhiét loai 100 ml da hoa tan 0,004
mol chacpyr (0,776 g) Khi d6 tir dung
dich thiy xuét hién két tia mau vang,
tiép tuc khudy hdn hop nay trong 2 gio
¢ nhiét do phong. Loc, rtra két taa trén
phéu loc thuy tinh xdp bang nude, hdn
hop etanol - nudc (v6i ty 18 thé tich 1:
1) va cudi cung 13 etanol. Chat ran duoc
lam kho trong binh hat am dén khdi
lwong khong d6i, hiéu suét 1a 86%.

Két tinh lai phirc chit: can khoang 0,1 g
phirc chat Zn(thacpyr), sau d6 cho vao
cde dung tich 50 ml da chudn bi trudc
c¢6 chira hdn hop dung méi gdm (10 ml
C,HsOH va 10 ml CHCL3). Cho cbc 1én
bép khudy tir, vira khudy vira gia nhiét
dén 90°C t6i khi hon hop dung moéi soi
va hoa tan dang ké phtrc chit, sau do
tiép tuc khudy va gia nhiét trong khoang
5 phat & nhiét d6 90°C. Loc bd phan
khong tan bang gidy loc, hat 2,5 ml
dung dich loc cho vao éng thuy tinh nho
dung tich 5 ml. Bé ng thay tinh trong
ta hat ¢ nhiét do0 phong cho dung moi
bay hoi va thu duoc phirc chit két tinh
dudi day éng thuy tinh. LAy tinh thé
phirc chat dé xac dinh cu trac bfmg
phuong phap nhiéu xa tia X don tinh thé.
3. KET QUA VA THAO LUAN



3.1. Két qua nghién ciru phirc chét
biang phwong phap phé khdi lweng

i e T T ”Hl . O e
Hinh 1: Pho khoi luvong cua
Zn(thacpyr);
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Biéu do 1. Cwong dj twong déi cia cdc
pic dong vi trong cum pic ion phan tw
phikc chat Zn(thacpyr);

B Ly thuyét
W Thyc té

Cudng da (%)

Tin hiéu pic c6 cuong d6 cao nhat voi
tri s6 m/z 1a 450 ung ding bang khbi
luong mol phan tir ctia phirc chét cong
thém 1 don vi. Do vay, c6 thé thdy phuc
chét ton tai & trang thai don nhan trong
diéu kién ghi pho va cong thirc phan tir
gla dmh la C16H13NgSZZn.

Két qua so sanh cudng do twong ddi cla
cac pic trong cum pic dong vi gitta thuc
nghiém va theo Iy thuyét theo cong thirc
phan tir gia dinh ctia phirc chat dugc thé
hién trén biéu d6 1. Tir biéu dd 6 thé
thiy su chénh léch khong nhiéu. Piéu
d6 khang dinh cong thirc gia dinh cta
phire chit 1a dung

3.2. Nghién ciru cac phdi tir va phirc
chit bang phwong phap pho hip thu
hdng ngoai

Dai dao dong hoa tri dac trung cho
nhom NH (3200 - 3400 cm’™) déu xuét
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Phé khdéi Ilwong cua phic chit
Zn(thacpyr), dugc dua ra & hinh 1.
hién trén phd IR cua phdi tr va phuc
chat. Tuy nhién, trong phd IR cua phuc
chit d3 co sy bién mit mot dai dao
dong. Trén phd IR cua phdi tir khong
thiy xuit hién dai dao dong cua nhom
SH & vang 2500-2600 cm™ . Dai hép
thu dac trung cua nhom C=S ¢ 837 cm’
! trong phdé coa Hthacpyr ty do va
khong thiy xuét hién trong phd IR cua
Zn(thacpyr),. Diéu nay ching t6 phdi
ttr ton tai & dang thion va bi thiol hoa,
phéi tri gitta phdi tir v6i Zn(1l) duoc
thue hién qua S [7, 8]. Trén phé IR cua
phdi tir va phirc chat twong ung cho
théy, dai dao dong hoda tri cia nhom
CNN, C=N" va NN (1431, 1608 va
1150 cm™) trong phéi tir ciing bi giam
dang ké khi chuyén vao phirc chét
(1409, 1589 va 1120 cm™). Pidu nay
chung to nguyén tor NV c¢6 tham gia
tao lién két phdi tri véi ion kim loai
trung tam.

Ngoai ra, trén phd IR dai dao dong
bién dang ctia vong pyridin ciing thay
dbi dang ké khi chuyén vao phuc chat,
tr 611 cm’ trong phdi tr thanh 632
cm’’ trong phuc chét. Py 1a bang ching
cho thiy N-pyridin di tham gia phdi tri
véi Zn(I) [9].

Qua phan tich phd hdéng ngoai c6 thé
thiy phdi tri gita phdi tir véi Zn(Il)
duogc thuc hién qua 3 nguyén tu S, N!
va prridin-

3.3. Két qua nghién citu phé cong
huéng tir hat nhan 'H, “C cia
Hthacpyr va Zn(thacpyr);

Phd cong hudng tu hat nhan lH, BC cua
Hthacpyr va Zn(thacpyr), dugc dua ra
trén hinh 2 va 3. Céc tin hiéu cong
huong trén phé IH, BC-NMR duoc liét
ké trén bang 1.



Hinh 2: Phé 'H, >C-NMR ciia
Hthacpyr
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Hinh 3: Phé 'H, >C-NMR ciia
Zn(thacpyr);

Bdng 1: Cdc tin hiéu céng hwéng trong phé 'H, °C - NMR
cua Hthacpyr, Zn(thacpyr);

Qui gén 'H-NMR “C-NMR

(ppm) Hthacpyr Zn(thacpyr), C%;;) I%?)n Hthacpyr Zn(thacpyr),
HN® 10,33 (s, 1) - c’ 179,55 181,98
HN® 2512 ((‘Sl B 6,83 (s, 2) c’ 146,65 143,92
HC" 8,43 (m, 2) 7,76 (m, 2) C® 155,18 150,29
HC? | 8,58 (d, 1, 5,0Hz) 7’887(;’1{12)7’5; c' 121,38 121,67
HC* 7,39 (m, 1) 7,76 (m, 2) C’ 148,88 146,48
HC® 7,79 (m, 1) 7’296%’1;2’)6’0; ct 124,40 124,32
HC' 2,39 (s, 3) 2,57 (s, 3) c 136,83 139,42

- - - c! 12,57 13,90

Phan tng ngung tu tao thanh phdi tu
duoc xdy ra gitra hai proton nhém
NH, va nguyén tr O nhém C=O.
Bang ching la trén phé °C- NMR cua
phéi tir xuat hién tin hiéu cong hudng
cta cacbon nhom CN'V & 148,65 ppm.
Cacbon nhém nay cong huong o
143,92 ppm trong phd *C- NMR cua
Zn(thacpyr), do N' tao lién két phéi tri
v6i Zn(II). Vi tri phdi tri tht hai 1a S.
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Bang chung 1a: tin hiéu cua cacbon
nhém CS chuyén dich vé ving trudng
cao hon khi chuyén tir phdi tir tu do
vao phirc chit, & 179,55 va 181,98 ppm
twong ung. Tin hi€u singlet voi tich
phan 1a 1 cua Hthacpyr xuit hién ¢ vi
tri 10,32 ppm dugc gan cho proton
nhom N®H. Tin hiéu nay khong thay
trén phd phire chat do phdi tir bi thiol
hoéa khi chuyén vao phic chat. Hai




proton N*H, cong huéng & 8,59 va
8,15 ppm nhung trong phirc bi han ché
quay tu do nén ching cdng hudng o
mot vi tri 6,83 ppm.

Céc tin hi€u cong huong cong hudng
proton hay cacbon trong vong pyridin
ciia phic chit c6 do chuyén dich hoa
hoc thuong thdp hon cua phdi tor va
duoc liét ké trong bang 1.

Ttr su phan tich trén cho phép khang dinh
phan Umg ngung tu gitra thiosemicacbazit
va 2 - axetylpyridin da xay ra hoan toan va
phdi tir phéi tri voi Zn(II) qua 3 nguyén tir
cho N{l), Sva prridin-

3.4. Két qua phan tich cAu tric
Zn(thacpyr); bang phwong phap

Zn(thacpyr), duoc danh sb nhu hinh 4,
cac thong s6 thuc nghi¢m thu duoc tur
cdu trac don tinh thé Zn(thacpyr), dugc
trinh bay & cac bang 2, 3.

Cc3

5

Sy

Hinh 5: Cdu triic phdn tir phite chdt

nhiéu xa tia X don tinh thé Zn(thacpyr):
Cac nguyén to trong phan tu
Bdng 2: B¢ dai lién két va géc lién két trong phirc chat Zn(thacpyr);
Lién két Do dai lién két (A) Lién két Do dai lién két (A)
Zn—S(2) 2,4600(7) C(5) - C(6) 1,384(3)
Zn-S(3) 2,4393(8) C(6) — C(7) 1,381(3)
Zn —N(4) 2,136(2) C(7) - C(8) 1,388(3)
Zn —N(5) 2,165(2) C(8) —N(7) 1,333(3)
Zn —N(6) 2,217(2) C(4)—N(7) 1,354(3)
Zn —N(7) 2,265(2) C(16)— C(15) 1,389(4)
C(1)-S(Q) 1,7342) C(9)-S@3) 1,727(2)
C(1)—N(9) 1,325(3) C(15)— C(14) 1,381(3)
C(9) —N(11) 1,332(3) C(14)—C(13) 1,394(4)
N(9) - N(4) 1,371(3) C(13)—C(12) 1,388(4)
N(11) —N(5) 1,371(3) C(12) - N(6) 1,350(3)
C(4) - C(5) 1,393(3) C(16) — N(6) 1,337(3)
Lién két Géc lien két (°) Lién két Géc lien két (°)
S(2) Zn S(3) 101,78(2) S(3) Zn N(7) 90,90(5)
S(2) Zn N(4) 79,33(5) N(4) Zn N(5) 161,90(7)
S(2) Zn N(5) 116,89(5) N(4) Zn N(6) 99,37(7)
S(2) Zn N(6) 90,10(5) N(4) Zn N(7) 73,94(7)
S(2) Zn N(7) 152,74(5) N(5) Zn N(6) 73,91(7)
S(3) Zn N(4) 106,42(5) N(5) Zn N(7) 88,97(7)
S(3) Zn N(5) 79,23(5) N(6) Zn N(7) 89,08(7)
S(3) Zn N(6) 153,14(5)

72




Bdng 3: Mot s6 thong tin vé cdu tric
cua tinh thé phirc chat Zn(thacpyr);

Cong thirc phéan tir CisHisNsS,Zn
. R Pon ta
Hg tinh thé (Monoclinic)
Nhom doi xung khong P2,
gian
S§ phan tir trong 1 6 4
mang co s&
a=14,6743A
b =8,0060A
o c=16,7344A
Thong so mang a=90°
p=110411°
y=90°
. R1 = 0,03083
D6 sai 1éch R, =0,0697

Qua cac dir kién thu dugc tur phuong
phap nhiéu xa tia X don tinh thé c6 thé
thay phirc Zn(thacpyr), ton tai v6i kiéu
mang khong gian don gian, phiic don
nhan. Bang chimg vé su thiol héa khi
phéi tir chuyén tur trang thai tu do vao
phuc chat mot 1an nita duoc kh'fmg dinh
qua két qua chup nhidu xa tia X don
tinh thé cia phtc chit (Hinh 4). Lién
két CS lan lugt 1a 1,734 va 1,727 A
trong phirc chit Zn(thacpyr), dai hon do
dai lién két C = S (1,656 A [2]). Lién
két N(9) — C(1) = 1,325 A; N(11) - C(9)
= 1,332 A trong phirc chat Zn(thacpyr),
déu ngin hon lién két don C — N (1,46
A) do ton tai lién két d6i C = N. Bén
canh d6 con thiy lién két C — C trong
vong chelat ctia phtrc cht ngan hon lién
két C — C =1,54 A thong thuong va dai
hon lién két C = C (1,33 A) [5]. Lién
két C(1) — N(9) = 1,325 A; N(9) — N(4)
= 1,371 A; C(2) - N(4) = 1,291 A va

N(5) - N(11)=1,371 A; N(11) - C(9) =
1,332 A; C(10) — N(5) = 1,295 A trong
phirc Zn(thacpyr),. Diéu nay c6 thé giai
thich bdi su hinh thanh mach 1lién hop C
=N — N = C va sy giai toa electron &t
trong vong chelat khi tao phuc véi
Zn(Il). Nhu vay, trong phuc chat
Zn(thacpyr)s, ion Zn(II) c6 s6 ph01 tri 6,
v6i cdu hinh bat dién léch. Piéu do6 thé
hién & chd cac goc S(2) Zn N(5) =
116,89; S(2) Zn N(7) =152,74;N(4) Zn
N(5) = 161,90 ... trong phirc chit déu
khac 180°.

Két qua thu dugc tir phwong phap nhidu
xa tia X don tinh thé dd khang dinh
phirc chit duoc hinh thanh nho sy phbi
tri qua S, NO va Nopyrigin hoan toan phu
hop véi cac phuong phap vat 1y & trén.
3.5. Két qua nghién ciru hoat tinh
khang vi sinh vat cia Hthacpyr va
Zn(thacpyr),

Két qua thtr hoat tinh khang sinh cta
phéi tir va phic chat trén 02 dong vi
khuan Gram (+), 02 dong vi khuin
Gram (-) va 02 dong ndm mdc, 02 dong
nam men duoc liét ké trong bang 4.
Mau Zn(thacpyr), khang dugc 02 vi
khuin Gram (+): B.subtilis va S. aureus
v6i ndng do e ché téi thiéu MIC 1a 50
pg/ml (0,111 pmol/ml). Mau Hthacpyr
khang duoc 01 vi khuin Gram (-): E.
coli va 02 vi khuan Gram (+): B.subtilis
va S.aureus voi gid tri MIC 1a 50 pg/ml
(0,258 pumol/ml). Nhu vay, doc tinh véi
cac dong vi khudn va ndm dem thir caa
phéi tir kha cao, khi tao phtic bén véi
Zn(IT) dgc tinh cua no6 bi gidm bot.

Bdng 4: Két qud thir hoat tinh khdng vi sinh vét kiém dinh

Nong dd tre ché tdi thiéu (MIC: pg/ml)
Maiu Vi khuan Gr (-) Vi khuan Gr (+) Niam méc N4m men
E. P. B. S. A. F. S. C.
coli | aeruginosa | subtillis | aureus | niger | oxysporum | cerevisiae | albicans
Hthacpyr 50 ©) 50 50 ©) ©) ) )
Zn(thacpyr),|  (-) ) 50 50 ) ) ©) ©)
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4. KET LUAN

Cong thire phan tir va cdu tric cia phdi
tir Hthacpyr va phirc chat Zn(thacpyr),
da duoc xac dinh bang cac phuong phap
vat 1y hién dai nhu: phd hdp thu hong
ngoai, phé cong hudng tir hat nhan lH,
B¢, phd khdi lwong va phuong phap
nhiéu xa tia X don tinh thé. Phirc chat
Zn(thacpyr), c6 ciu truc bat dién 1éch.
Khi tao phtc v6oi Zn(ID) hoat tinh khang
khudn cta Hthacpyr b giam.
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