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TONG HQP VA NGHIEN CU'U PHU'C CHAT CUA MQT SO PHOI TU VONG
LON KIEU BAZO' SCHIFF TREN CO SO THIOSEMICACBAZIT

Il - BENZILTHIOSEMICACBAZON VA SU CHUYEN HOA THANH
PHOI T’ VONG LON 4 CANG (N, N, N, N)
Pham Chién Thing, Vii Vin Van, Nguyén Minh Hai, Vii Diing Do
Khoa Hoa hoc, Truong Pai hoc Khoa hoc Ty nhién, Pai hoc Qué'c gia Ha Noi

Pén Toa soan

Abstract.

Benzilthiosemicarbazone (BzTS) has been synthesized by reacting benzil and thiosemicacrbazide in the absence of
metal salt and using high dilution technique. A 12-membered macrocyclic Schiff base, 5,6,11,12-tetraphenyl-
1,2,4,7,8,10-hexaaza-xiclodoeca-4,6,10,12-tetraen-3,9-dithion (LH,), was prepared from BzTS in methanol by using
CuCl, as template with fairly good yield. Alternatively, when using CuSO,4 and PdCl, in place of CuCl, the products
formed are tetradentate (N, N, N, N) macrocyclic complexes CuL and PdL. All ligands and complexes have been
characterized by spectroscopic studies (IR, 'HNMR and MS). A metal — template mechanism for the formation of
macrocyclic ligand and complexes was proposed.

1. THUC NGHIEM
1.1. Téng hop phdi tir va phirc chit

Benzilthiosemicacbazon, phdi tir vong 1én LH, va cac phirc chit ML duoc tong hop theo so do tong quat:
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trong do6, benzilthiosemicacbazon dugc téng hop  1.1.2. Tong hop phéi tir vong 16n LH,

thep phuong phép “sicu loang” (high dill}tion) [5, 6; Hoa tan 0,23 g CuCl,.2H,0 (1,4 mmol) trong 50
phoi tir vong 16n LH, va cac phuc chat ML duoc : ’
tong hop tir chat ddu benzilthiosemicacbazon bang
cach st dung phan rng trén khuon ion kim loai.

ml metanol. Dung dich nay duogc thém tur tur vao
huyén phu ciia BzTS (0,41 g; 1,4 mmol) trong 50 ml
metanol. Khudy dung dich trong 8 gio tai nhiét do
1.1.1. Tong hop benzilthiosemicacbazon (BzTS) phong. Loc hut két tua tao thanh bang phéu loc thuy
tinh x0p, rura k¥ bang metanol, lam kho trong binh
hat am. Chét ran thu dugc c6 mau vang kem, khong
tan trong nudc, metanol; tan tét trong clorofom.

Hoa tan 1,14 g (12,5 mmol) thiosemicacbazit
trong 150 ml metanol, c6 thém 25 ml HCI 2 M. Hoa
tan 2,63 g (12,5 mmol) benzil trong 100 ml metanol. , ,
Nho giot hai dung dich trén vao céc chita sdn 75 ml  1-1.3. Tong hop phirc chat cua LH, voi Cu(ll) va
metanol. Pun néng va khl}éy dung dich & 60 - 70°C Pd(1]
trong 6 gio. Sau d6 khudy thém 6 gio ¢ nhiét do Hoa tan 0,5 mmol mubi CuSO,.5H,0 (hoic
phong. Loc hut két tua tao thanh bang pheu loc thuy  PdCL,) trong 50 ml metanol. Dung dich nay dugc
tinh 7x6p, ria ky bang metanol, lam khé trong binh  thém tr tir vao huyén phu cua BzTS (0,232 g; 1
hat &m. San pham thu dugc dudi dang bot min, mau  mmol) trong 50 ml metanol. Hon hop dugc khudy
vang nhat, khong tan trong nudc, tan tot trong trong 12 gid & nhiét d6 phong, xudt hién chit rin
clorofom. mau nau dam d6i voi phirc cia Cu(Il) va mau vang

nau dbi véi phirc ciia PA(IT). Loc hut trén phéu loc
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thity tinh x6p, rira k§ bang metanol, 1am kho trong
binh hit am. Cac chat ran thu dugc khong tan trong
nudc, metanol; tan tot trong clorofom.

1.2. Phwong phap nghién ciru

Ham luong Cu duoc xac dinh bang phuong phap
chuin d6 complexon v&i chit chi thi murexit, ham
luong Pd duoc x4c dinh bang phuong phéap phén tich
trong lugng.

Ph6 hong ngoai dugc ghi trén may FTIR 8700,
trong ving 400 - 4000 cm™, theo phuong phéap ép
vién KBr tai Vién Hoa hoc, Vién Khoa hoc va Cong
nghé Viét Nam.

Pho cong hudng tir hat nhan 'HNMR duoc ghi
trén may Bruker-500 MHz tai 300 K vdi dung moi
DMSO-dg, chit chuan ndéi TMS tai Vién Hoa hoc,
Vién Khoa hoc va Cong ngh¢ Viét Nam.

Phd khéi lwong va sic ky long khdi phd duge
ghi trén may LC-MSD-Trap-SL tai phong ciu trac,
Vién Hoa hoc, Vién Khoa hoc va Cong nghé Viét

Pham Chién T hcfng va cong sy
Nam. Phé khéi lwong dugc ghi véi dung mdéi CHCls.
2. KET QUA VA THAO LUAN

2.1. Phéi ti BzTS

Trén phd IR cua BZTS khong thay xuét hién dai
hép thu manh trong ving 1650 - 1850 cm™ dic trung
cho nhém C=0. Bén canh d6 xuat hién dai hip thu
yéu ¢ 1604 cm™ dic trung cho dao dong cia lién két
C=N' (lién két dugc tao thanh trong phan (mg ngung
tu). Pidu nay chi ra ring phan Ung ngung tu giita
benzil va thiosemicacbazon da xay ra hoan toan. Sy
vang mit cac dai trong ving 2600 - 2700 cm™ chiing
t6 phdi tir ton tai & dang thion & trang thai ran. Ngoai
ra, con cO cac dai hép thu dac trung cho nhom
thioamit: dai thioamit I trong ving 1400 - 1500 cm™
va dai thioamit IV trong ving tr 750 - 900 cm™
(bang 3).

Dir kién phé 'HNMR cia BzTS duoc dua ra
trong bang 1.

Bdng I: Cac tin hiéu cong huong trén phé 'HNMR ciia BzTS

STT Vi tri (ppm) didc diém Quy gan | STT Vi tri (ppm) dic diém Quy gan
1 12,14 (s, 1) HN? 3 7,30 — 7,70 (m, 10) H phenyl
2 10,00 (s, 1) HN* 4 3,25 (s, 3) OCH;

s: singlet, m: multiplet.

Trén phdé MS Positive ciia BZTS, pic cudng do
16n nhat (100%) c¢6 m/z = 298 ting v6i ion phan tir
[C16H15N3OS+1]+. Bén canh d6 con Xudt hién pic co
m/z = 266 tmg v&i manh ion [CsH;N3S+1]" (20%)
hinh thanh do sy mét di mot phan tir CH;OH tir phan
tir ban dau. Cac pic con lai c6 cuong do thap, dicu
ndy chimg to phdi tir BZTS bén trong diéu kién do
pho.

Céc dir kién phd dua ra & trén phu hop véi cac sb
liéu da dugc cong bd [5, 6]. Nhu vay, co thé khflng
dinh vé sy hinh thanh va cdu tao phan tir cua BZTS -
chat du cho cac téng hop tiép sau.

2.2. Phéi tir vong lén LH, va cac phirc chit

2.2.1. Két qua phan tich ham luong kim logi trong
phire chat

Bdng 2: Két qua phan tich ham luong kim loai trong phtrc chét

, Z n , A Ham lugng ion kim loai
STT Phure chat Cong thuc phan tur LT. % N, %
1 CuL C30H20NgS,Cu (M = 592,2) 10,81 11,61
2 PdL C;0H20NgS,Pd (M = 635,7) 16,78 14,98

Tir bang 2 ¢6 thé nhan thiy két qua thuc nghiém twong dbi pht hop véi gia tri tinh toan theo cong thirc

gia thiét.

2.2.2. Phé hong ngoqi

Bdng 3: Mot s6 dai hip thy dic trung trén phd hong ngoai ctia cac phdi tir va phirc chat

Hop chét VNH Ve VeaN Thioamit I Thioamit IV VMN/VMS
BzTS 3175, 3132 - 1604 1552 752 -
LH, - 3060 1597 1483 856 -
CuL - 3056 1596 1480 870 418
PdL - 3053 1596 1480 864 410
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Khi so sanh phd cua LH, va cac phirc chit voi
phd cua BZTS c6 thé nhan thiy rang: cac dai hp thu
manh tai 3132 va 3175 cm’! ung voi dao dong hoa
tri ctia lién két N-H di bién mat, dong thoi xuét hién
dai hip thy yéu tng voi dao dong hoéa tri cia lién két
C-H trong vong benzen. Ngoai ra, trén phd van xuét
hién cic dai hdp thu dic trung cho hop phan
thiosemicacbazon. Piéu nay cho phép khang dinh:
BzTS da chuyén hoa khi co mit ion kim loai.

Trén pho cua hai phirc chat déu xuét hién cac dai
trong ving 1500 - 1600 cm™ ung voi dao dong hoa
tri cta lién két C=N. So véi phdi ti, vi tri cua dai
hap thy nay trong cac phirc chuyén dich vé phia sd
song thap hon, diéu nay chimg t6 phdi tir tao phirc

Tong hop va nghién ciru phikc chit...

v6i ion kim loai qua 4 nguyén tir Nimin (2N' va 2N*).
2.2.3. Phé khoi luong

Hinh 1 1a sic d6 va phd khdi lugng cua san
pham ngung tu LH, v6i dung dich ria giai la
axetonitril. Trén sic d0 chi xuat hién mot pic ¢o
cuong d6 rat 16n voi thoi gian luu 1a 19,04 phuat. Két
qua xac dinh bang phuong phap UV dbi véi chat dau
va cudi g voi pic trén khang dinh day 1a mot chat
duy nhat chir khéng phai 1a sy chong chét tin higu
ctia nhiéu chat khac nhau. Két qua tinh toan ti 18
dién tich pic cho thdy: chat ung voi thoi gian luu
19,04 phit chiém 95,78% ham luong san pham
ngung ty.
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Hinh I: Sic @6 va phd MS cua LH,

Trén phé MS Positive cia LH, chi ¢c6 mdt pic
cuong d6 1on voi m/z = 529. Co thé gia thiét day la
pic ion phan tir. Tuy nhién, khbi luong phan tir
mong doi cua LH, 1a 531 amu. Chung t6i cho rang
su chénh léch 2 amu 1a do LH, ton tai & dang c6
chira cau disunfua noi phan tir (hinh 3).

Trén phd MS Positive ciia CuL xuat hién pic ion
phan tdr c6 m/z = 592 ung vo6i manh
[C30H20NgS,Cu+1]", trong d6 Cu ton tai & dang dong
vi ¢6 ham luwong tw nhién 16n nhét: “Cu (69,17%).
Tuy nhién, cudng d6 pic ion phan tir nhd. Mat khac,
pic ¢6 cuong d6 16n nhit co m/z = 529, twong u’ng
v&1 manh ion phan tr cua ph01 tr [C30H20N682+1]
Chung t6i cho rang diéu nay la do phirc chat khong
bén trong diéu kién ghi phd bi phéan li thanh phdi tir
va ion kim loai.

Viéc nghién ciru phirc PdL bang phd MS ciing
cho két qua phu hop véi du doan. Trén phé MS
Positive ciia PdL, pic c¢6 cudng do 16n nhét trong
cum pic ion phan tr, cé gia tri m/z = 635 Gng voi

ménh [C3HyNS;Pd+1]" trong do Pd & trang thai
ddng vi bén phd bién nhit '"°Pd (27,33%).

D6i v6i cum pic ion phan tir cua PAL trén phd
MS Positive, ti 1¢ cuong dg cac pic dong vi kha phu
hop vai két qua tinh toan bang phan mém Mass spec
(bang 4). Nhu vay c6 thé khang dinh cong thirc phan
tir ctia phire chat PAL 13 C3Ha0NS,Pd.

2.2.4. Phé '"H-NMR

Ttr gia thiét LH, ton tai ¢ dang cau disunfua, phd
'HNMR ctia hop chit nay dugc mong doi s& khong
thé hién tin hiéu tmg v&i cac proton khac ngoai
proton ctia vong thom. That vay, trén phé 'HNMR
ciia LH, chi xudt hién cac pic trong khoang 7 dén 8
ppm véi tong tich phan bang 20, twong tng véi cac
proton trong 4 vong phenyl. Cac cum pic nho co ti 1¢
tich phan 8:8:4 rng v6i proton cua cac vi tri ortho,
meta va para. Trén phd 'H-NMR cua PdL ciing chi
xuat hién cum pic nam trong khoang 7 dén 8 ppm
twong tng voi cac proton cuia vong thom.

Bdng 4: Ti 1& cuong do cac pic dong vi giira li thuyét & thuc nghiém cua PdL

LT, % TN, % LT, % TN, % LT, % TN, %
M-3 2,72 2,88 M+1 100 100 M+5 42,92 47,11
M-2 1,02 1,44 M+2 37,71 34,61 M+6 14,34 11,54
M-1 30,18 28,85 M+3 84,41 90,3 M+7 5,42 4,32

70,89 73,08 M+4 29,59 29,81 M+8 1,19 0,96
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2.3. Co ché gia thiét ciia phan ng ngung tu tao
thanh hop chét vong 16m va phirc chat

Phan tmg ngung tu tao thanh hop chit vong 16n
va céac phirc chat rat phirc tap. Tir chat dau BzTS dé
tao ra san pham cudi cung phai trai qua nhiéu bién
d6i trung gian. Trén co sé tham khao cac tai liéu da
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cong bd [4, 6] va nhimg dic trung cta phan ing trén
khuén, chung t6i manh dan dé xuit mot co ché cho
phan g tao thanh hop chat vong 16n va phuc chat
ciia n6 tir BZTS. Theo quan diém cia ching toi,
trong truong hop ndy yéu té quan trong, quyét dinh
cho sy hinh thanh san phim ngung tu phai 1a hiéu
tmg khudén cta cac ion kim loai (Cu®" va Pd>).

Ph Ph
>—;8M
/

NH
\NH4<92_M

>_L
—(,

S

NH

2y"

Hinh 2: Co ché vong hoéa khi c6 mét ion kim loai

Vi Cu** va Pd*" 14 nhing axit mém, con S 1a bazo
mém theo quan diém cia Pearson vé axit va bazo
cing va mém, sy vong hoa trude hét co thé di qua
budc tao thanh lién két M-S, rdi S-M-S, tiép theo 1a
s tao thanh hai lién két N*-C kém theo sy giai phong
2 phan tr MeOH va 2 phan td HY (hinh 2).

Tuy nhién, mot van dé duoc dit ra 1a ¢ diéu kién
nao thi thu duoc phéi tir vong 16n ty do, con & diéu

Ph Ph

I
Y

Ph (1) Ph

Ph Ph

I\

C6 thé nhan thiy rang dang (2) c6 kha niang ton
tai cao hon dang (1) do sy phdi tri phut hop véi dang
hinh hoc uu ti€n khi tao phtrc ctia ion kim loai. Tuy
nhién, dé két luan tinh thuyét phuc hon can c6 nhiing
nghién ctru sau thém. Nhu vay, ban dau c6 thé két
luan, CuL va PdL déu ton tai ¢ dang (2) véi cac lién
két qua 4 nguyén tir N (nhu d3 dy doan tir phd hdng
ngoai).

Tuy nhién, khi st dung CuCl, lai thu dugc phéi
tir & dang cau disunfua thay vi phirc chét. Didu nay
¢6 1& do tinh oxi hoa cta ion Cu®" két hop véi kha
nang tao thanh phtic chat [CuCL] kha bén. Ion Cu**
c6 thé da bi khir vé Cu’ va trang thai oxi hoa nay
duoc 1am bén béi anion CI. Trong khi do, néu sir
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kién nao thi né két hop véi ion kim loai khuén, va
do d6 san pham thu dugc 1a phirc chat. Dé tra 10i cau
hoi nay ching t6i dua ra gia thiét rang: su ngung tu
BzTS khi c6 mit ciia CuCl,, CuSO, hogc PdCl, déu
hinh thanh phirc chat ¢ dang ML. Khi d6 ML sé&
bién doi theo hai xu hudng, mét 1a giit nguyén lién
két voi hai nguyén tir S, hai 1a chuyén thanh dang
phirc v6i lién két qua 4 nguyén tir N:

dung CuSO,, anion SO, khéng ¢6 kha nang 1am bén
ion Cu’ va do d6 thu dugc phuc chat CuL.

3. KET LUAN

Pi tong hop dwoc 2 phdi tir
benzilthiosemicacbazon (BzTS); phdi tir vong 16n
LH, (5,6,11,12-tetraphenyl-1,2,4,7,8,10-hexaaza-
xiclodoeca-4,6,10,12-tetraen-3,9-dithion), va 2 phuc
chét : CuL, PdL.

- Bang phuong phap phan tich kim loai va cac
phuong phap vat li nhu phé h(‘)ng ngoai, phd cong
hudng tir hat nhan va pho khéi luong dd dua ra gia
thiét vé cAu trac ctia cac phdi tir va cac phirc cht.
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N/N \( N/N
S,/m \N + 2cu™ + a0l +on’ — = %s

Tong hop va nghién ciru phikc chat...

N
S)\\ +  2H[CuCI,]
N
N N/
o
Ph Ph

Hinh 3: Sy chuyén hoa CuL thanh phéi tir vong 16n ¢ dang cau disunfua ndi phan tir

- P dua ra co ché gia thiét cho phan tng ngung
tu tao thanh phdi tir vong 16n LH, va cac phirc chit
twong Ung, néu lén vai tro cua hiéu tng khudn va
anh huong cua diéu kién tién hanh phan tng 1én ciu
trac san pham thu dugc
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