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Tong hep, xac dinh cau tric phirc chat caa Ni(ll), Pd(ll) voi
5-bromo-6,7-dihidroxyl-1-metyl-3-sunfoquinolin bang cac
phwong phap phé va tinh toan héa hoc lwong ti
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Abstract

In this research, a new derivative of quinoline, namely 5-bromo-6,7-dihydroxyl-1-methyl-3-sulfoquinole (QOH) as
well as two complexes of Ni(Il) and Pd(ll) with this ligand [M(QOH-1H),] were synthesized. The molecular formulas
and structures of the complexes were determined using a combination of IR, EDX, ESI MS and *H NMR spectra.
Additionally, the structure of the palladium complex was assigned by a combination with quantum chemical
calculations using the method of density functional theory which is implemented in Gaussian 09 program package. The
results show that this is a square planar complex, in which the QOH ligand coordinates with the center ion Pd(1l) via the
O atom of its —OH phenol groups and the OH groups have trans configuration. Bond lengths and bond angles around

the center metal were determined.
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1. MO PAU

Trong nhitng ndm gan day, phuc chat cua kim
loai chuyén tlep voi cac hop chat di vong thom chura
nito nhu cac dan xuét cua pyridin, quinolin di thu
hat duoc su cha y dac biét cia cac nha hda hoc, hoa
sinh, hoa dugc va ca cac nha nghién ctu trong linh
vic quang dién. Nhiéu phirc chat thudc loai noi trén
da dugc tng dung lam sensor huynh quang trong
nghién ctru hoa sinh, lam chat hap thu 4nh sang
trong pin mit trdi [1, 2] hodc 1a nhitng chat co hoat
tinh khang té bao ung thu [3, 4].

Méi ddy, nhém ching toi, khi khir din xuat
dinitro ctia axit eugenoxylaxetic bfmg Na,S,0, da
khép vong nhénh allyl tao ra dan xudt méi cua
quinolin la axit 6-hidroxi-3-sunfoquinol-

7-yloxiacetic (ki hiéu 1a Q) [5]. Tir hop chat Q

¢6 thé tao ra nhimg hop chira vong quinolin nhiéu
nhom thé, mot s6 phuc chét cia kim loai chuyén tiép
v6i phdi tir loai nay budc dau da duge nghién ciru
[6,7]. Trong bai bao nay chung t6i trinh bay két qua
nghién clru tong hop, céu tric phirc chit cia Ni(II),
Pd(IT) v6i phéi tir 5-bromo-6,7-dihidroxyl-1-metyl-
3-sunfoquinolin.

2. THUC NGHIEM
2.1. Téng hop phdi tir

Tur eugenol trong tinh dau huong nhu ching t61
da tong hop duge phoi tir Q[5]. Tur chat chia khoa Q,

chung t6i di tong hop dwoc phdi tr méi c6 chua
vong quinolin QOH theo so d6 sau:
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Céch thtrc tong hop QBr, MQBr da duoc trinh
bay trong tai li¢u [6].

Téng hop phdi tir 5-bromo-6,7-dihidroxyl-1-
metyl-3-sunfoquinolin (QOH)

Cho 0,392 g MQBr (Immol) vao binh ciu 25
mL c6 chira 0,24 g NaOH (6mmol) va 5mL nudec.
Khudy déu hon hop phan Ung, dun hdi lvu & nhiét
do 80+90 °C trong 5 8io. D¢ yén hon hop phan tmg
qua dém. Axit hoa hdn hop thu duoc bang axit HCI
1 M dén pH = 4+5 thu dugc chat rdn mau vang. Két
tinh lai béng dioxan:nuéc = 1:1 thu duoc tinh thé
hinh kim mau vang nhat, ki hiéu 1a QOH. Hiéu suét
phéan tng 65 %.

2.2. Tong hop phirc chit
2.2.1. Tong hop phirc chat NiX

Cho 66,8 mg QOH (0,2 mmol) vao 5 ml H,0,
thém tir tir K,CO3 1M, khudy déu cho phdi tir tan
hoan toan, thu dugc dung dich d@)ng nhit mau da
cam, pH = 7 (dung dich 1). Cho tir tir 5 mL dung
dich ¢6 chira 35,5 mg NiCl,.6H,0 (0,15 mmol) vao
dung dich 1. Khudy déu dung dich phan tng, sau 1
gio xuét hién két tha mau vang xanh. Loc két tua,
rira nhiu lan bang nudc noéng, etanol. San phim
duoc 1am kho & 50 °C, ki hiéu NiX. Hiéu suét phan
ung 75 %.

2.2.2. Tong hop phite chit PdX

Cho 66,8 mg QOH (0,2 mmol) vao 5 ml H,0,
thém tr tr K,CO; 1 M, khuay d€u cho phdi ti tan

Lé Thi Hong Hai va céng sur

hoan toan, thu duoc dung dich dong nhit mau da
cam, pH = 7 (dung dich 1).

Cho tur tr 5 mL dung dich c6 chtra 39,2 mg
K,[PdCl,] (0,12 mmol) vao dung dich 1. Khudy déu
dung dich phan mg, sau 1gio xuét hién két tia mau
nau d6. Loc két tua, rira nhiéu 1an bﬁng nudc nong,
axeton va etylaxetat. San pham dugc lam kho ¢ 50
°C, ki hiéu PdX. Hiéu suat phan tmg 60 %.

2.3. Nghién ctru thanh phén, cdu tric phire chit

Phé EDX ctia cac phitc chat dugc do trén may
JED-2300-JEOL-Japan, tai Vién khoa hoc Vat li¢u.
Ph6 ESI MS duoc do trén may LC-MSD-Trap-SL,
phd hap thu hong ngoai duge ghi trén may IMPAC
410 NICOLET trong viing 4000+400 cm™, mau do &
dang vién nén voi KBr, phé 'H NMR cua cac chat
dugc do trén may Bruker AVANCE (500 MHz),
trong dung mdi DMSO, tai Vién Héa hoc, Vién Han
1am Khoa hoc va Cong nghé Viét Nam.

3. KET QUA VA THAO LUAN

Két qua do EDX cho thay trong phirc chat NiX
va PdX, ti 1¢ nguyén tir M:Br (S) ~ 1:2, do d6 ching
t6i cho rang céac ion Ni(ll), Pd(Il) déu tao phirc véi
phdi tir QOH theo ti 1¢ 1a 1:2. Dya vao két qua phan
tich EDX, két hop véi cac dir kién thyc nghiém
chung t6i dé nghi cong thirc phén tir ctia 2 phirc chét
nhu trong bang 1.

Trén phd MS ctia cac phirc chat PAX (hinh 1) va
phirc chat NiX déu xuat hién cum pic ion chira pic
tmg v6i anion [M-1H] (bang 1). Két qua ESI MS
cho thdy cong thirc phan tir ciia cac phirc chit ma
chung t6i d& nghi 1a phi hop.

Bang 1: Két qua phan tich ham lugng nguyén t6 (EDX), phd khéi ESIMS

R , e Ti 1€ nguyén t& A . .

STT | KH Cong thire phan tir M:S (TN/LT) Céc pic trén phd ESI MS (m/z), quy két
PdX [Pd(C10H7O5SNBI’)2] 1,012,08 [1:2 772 = [M'lH]_ = {[Pd(C10H705SNBr)2]-1H}_
NiX | [Ni(CyoH;OsSNBr),] 1,79:3,55/1:2 724 = [M-1H] = {[Ni(C1,H;OsSNBr),]-1H}

Trén phd hap thy hong ngoai cla cac phue chat
d3 xuat hién ddy da cac van hip thy dic trung cho
dao dong hoa tri cia cac nhom nguyén tir trong phan
tir, mot s6 van hap thu chinh da dugc quy két va
trinh bay ¢ bang 2. Bang 2 ciing cho thdy céac tin
hiéu cong hudng cua cac proton trén phé *H NMR
ctia cac phirc chat PdX, NiX déu ting so v&i phdi tir
ty do. Riéng tin hiéu cta proton CH3-N* thay dbi it
nhit do & xa trung tdm tao phtrc. Vi vdy, chung toi
cho rang cac nguyén tir kim loai trung tdm da phéi
tri & nhoém -OH phenol ma khong phdi tri v6i nhoém

SO;5.

T cac dit kién do phd EDX, phd khéi luong ESI
MS, phé hép thu hong ngoai, phd cong hudng tir hat
nhan 'H NMR cho thdy di c6 su tao phirc giita
Ni(II), Pd(II) v6i phdi tir QOH theo ti 1¢ kim loai
trung tam va phél tur 1a 1:2, cong thirc phan tir cta ca
hai phtrc chat 1a [M(QOH-1H),]. Trong cac phuc
chat, nguyén tir kim loai trung tam lién két v6i phdi
tr QOH qua nguyén tr oxi cia nhom OH phenol.
Chung t6i d& nghi cdu trac c6 thé c6 cua cac phuc
chat nhu sau (hinh 2).
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Hinh 1: Ph6 ESI MS va mot phan phd *H NMR cua phirc chat PdX

Bdng 2: Két qua pho hap thu hong ngoai va phd cong hudng tir hat nhan

2o \ . 1 Ph6 cong hudng tir hat nhan ‘"H NMR,
sTT| KH Pho hap thu hong ngoai (v, cm™) 5 (opm), J (H2)
LoH, Vc=C thom, Vc=N Lso3 UmM-0 H2 H4 H8 CHs-N
1 QOH | 3510, 1610, 1555
3416 1355 7,90(s) | 7,85(s) | 6,11(s) | 3,86(s)
2 PdX | 3550, 1612, 1306 | 435 6,73 (d)
3450 1550 8,72(s) | 8,54(s) 1=15 4,22(s)
3 NiX | 3530, 1640, 1226 | 486
3444 1503 9,09(s) | 9,05(s) | 7,37(s) | 4,47(s)
Br " H3C’:\‘ Br Br
08 A O\M 0 A ~0sS ~ O~ _— ° X508~
Ny | O\/f \o 504~ Ny | O/M\o 7
Chy H Br CHy oW CHs

(b)

Hinh 2: Cau tric c6 thé c6 caa cac phic chat

Dé x4c dinh céu trac nao bén hon chang toi da
st dung phuong phap tinh toan hoa hoc luong tir voi
g6i phan mém Gaussian 09 [9], dé t6i wu hoa ciu
triac voi 2 ciu trac dau vao nhu trén Va tinh véi phic
chat PdX. Phép tinh toan t6i wru céu tric c6 kém theo
cac phép tinh tan sb dao dong duogc thuc hién b;‘ing
phuong phép phiém ham mat do st dung phiém

ham/bd ham co s6 CAM-B3LYP/LANL2DZ[10,11],
trén hé théng may tinh ciia Trung tim Khoa hoc
Tinh toan, Truong DPai hoc Su pham Ha Noi. Két
qua sau khi t6i wu cho thiy trong ca hai cAu tric thu
dugc nguyén tur trung tam Pd co6 s6 phéi tri 4, phirc
chat co cau tric vuong phang (hinh 3).

Hinh 3: Cu truc phuc chat PdX1 va PdX2

Céc gia tri goc lién két va do dai lién két xung
quanh nguyén tir trung tAm ctia phirc chat PdX dugc
trinh bay ¢ bang 3. Céc gia tri nay kha phu hop véi do
dai lién két twong tu trong cac phirc chat khac [8].

Két qua sau khi t6i wu ciing cho thiy trong phuc
chat PdX, cac goc lién két OPdO hoi khac 90°, ciu

trac thu dugc khong vudng phing mot cach tuyét
d6i. Cac nguyén tir khéng hoan toan ddi ximg nhau
qua nguyén tir trung tim Pd. Didu ndy gép phan giai
thich trén phd "H NMR cua phirc chat PdX, tin hiéu
cua proton H8 bi tach thanh hai hodc co thé coi la
hai van don c6 do chuyén dich gan bing nhau.
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D¢ xéc dinh cdu triic PdX1 hay PdX2 bén hon
chung t6i tinh ndng lugng twong doi gitta hai cau

Tong hop, xdc dinh cdu triic phire chat...

trac dong phan cua nhau. Cac két qua dugc liét ké &
bang 4.

Bdng 3: Gia tri d¢ dai lién két trong cAu trac PdX1, PdX2

Céu truc PdX1 Céu trac PdX2 Céu trac PdX1 Céu trac PdX2
Liénkét | Do dai(A) | Lienkét | Do dai (R) | Géc Do 16n (°) | Goc Do 16n (°)
Pd — Osg 1,987 | Pd— Oy 1,970 OxPdO, | 98,97 | OyPdO 90,23
Pd — Oy 1,987 | Pd— 0Oy 1,970 0;5PdO3; | 81,03 | OxPdOs 80,45
Pd — Oz 2,061 | Pd— Og 2,121 O1gPdOg | 98,97 | O3PdOs; 108,87
Pd — Os, 2,061 | Pd—0g 2,121 O3PdOy | 81,03 | O3PdO;g 80,45

Bang 4: Nang luong electron, nang luong dao dong diém khong va nang lugng twong ddi
cua hai dong phan cau trdc PdX1 va PdX2

c4 Nang lugng Ning lugng dao Téng ning Trang thai Nang luong
tl‘lflg electron dong diem khong lugng HF va electron cua tuong doi
(HF, a.u) (ZPE, a.u) ZPE (a.u) phan t (kd/mol)
PdX1 -1803,9456315 0,3346888 -1803,610943 A 0,0
PdX2 -1803,9294748 0,3337928 -1803,595682 A 40,07
Két qua tinh gia tri ning luong electron c6 ké TAILIEU THAM KHAO

dén nang luong dao dong diém khong di cho thay
céu triic PdX1 (hai nhém OH & vi tri trans) bén hon
c4u trac thir PAX2 (hai nhom OH & vi tri cis). Chénh
léch ning luong gitta hai ciu trdc 1a 0,42 eV hay
40,07 kJ/mol.

4. KET LUAN

Pi téng hop dugc phdi tir hitu co méi 1a dan
xuit ctia quinolin, 5-bromo-6,7-dihidroxyl-1-metyl-
3-sunfoquinolin (QOH) va hai phirc chét cua Ni(IT),
Pd(II) voi phdi tir nay.

Bang cac phuong phap EDX, ESI MS, phd hap
thy héng ngoai, phd cong huong tir hat nhan 'H
NMR da xac dinh dugc cong thic phan tir, cong
thirc cau tao ciia hai phirc chét tong hop dugc. Trong
ca hai phirc chat, nguyén tir kim loai trung tim
Ni(II), Pd(II) déu tao phirc véi phdi tir QOH theo ti
16 1:2, lién két giita kim loai va phdi tir dugc thuc
hién qua nguyén tir oxi ciia nhém OH phenol.

Béng phuong phap tinh toan hoa hoc luong tir da
xac dinh dugc cau truc bén ciia phtc chat PdX.
Trong ciu trac bén, phic chit PdX cé cau tric
vudng phing, nguyén tir kim loai trung tdm lién két
v6i phdi tir QOH qua hai nguyén tir O cua hai nhém
-OH phenol, hai nhém -OH tao lién két cho nhén &
vi tri trans. Cac gia tri do dai lién két, goc lién két
xung quanh nguyén tir trung tam cling da dugc xac
dinh.
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