Tap chi phan tich Héa, Ly va Sinh hoc - Tép 26, S6 3A/2021

TONG HQP VA NGHIEN CUU CAU TAO SALIXYLANDPEHIT
N*-AZEPANYLTHIOSEMICACBAZON VA PHUC CHAT CUA NO VOI Cu(ll)

Pén toa soan 09-03-2021

Pham Thi Ngec Oanh, Hoang Thi Hwong Hué, Nguy&n Hung Huy, Pham Chién Thing
Bg mén Héa Vé co, Khoa Hoéa hoc, Truong Pai hoc Khoa hoc Ty nhién — PHQOG Ha NJi.

SUMMARY

SYNTHESIS AND STRUCTURAL CHARACTERIZATION OF SALICYLALDEHYDE
N*-AZEPANYLTHIOSEMICARBAZONE AND ITS Cu(Il) COMPLEX

The ligand salicylaldehyde N*-azepanylthiosemicarbazone (H.L) was synthesized by the condensation
reaction between salicylaldehyde and N*-azepanylthiosemicarbazide in ethanol. The composition and
structural features of HoL were characterized by means of IR, *H NMR spectroscopy and HR-MS
spectrometry. Reaction of H,L and CuCl; in mixture of dichloromethane and methanol resulted in the
corresponding metal complex existing as dimeric species with the composition of [Cu(L)].. IR data as
well as single crystal X-ray diffraction studies revealed that in each of [Cu(L)] unit, the Cu?* ion
adopts slightly distorted square-planar geometry with the coordination sphere composed of the donor
set (N, S, O) of the doubly deprotonated ligand {L?>} and the O atom of the remaining [Cu(L)] unit.
Keywords: N*-disubstituted thiosemicarbazone, Cu(Il) complex, crystal structure.
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nguyén tir cho (N%, S) (1) [1]. Khi dua thém cac R' s R N L
nguyén tir c6 kha ning tao thém lién két phdi tri (my R? ) R?
vao cac nhom thé R, R? va R® cua khung Céc nghién ctru da chi ra rang, hoat tinh sinh
thiosemicarbazon, hé phdi tt méi s& c6 dung hoc cua cac hop chat nay thay doi tuy thugc vao
lugng phéi trf tang 1én va co thé dong vai trd nhém the trén nguyén tr cacbon azometin,
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phéi tir ba cang (11) [2-3], bén cang (111) [4-5], nhom thé trén nguyén tir N* va sy phoi tri voi

ion kim loai chuyén tiép [6,10,12]. Tuy nhién,
trong nhitng nghién ciu da duoc cong bé, s6
luong nghién cuu tap trung vao dan xuit
thiosemicacbazon hai lan thé trén nguyén tir N*
con it phd bién.

q Trong bai bao nay, cAc tc gia cong bd viéc tong
sinh hoc quy nhu tinh khang khuan, khang virat, hop va nghién ctu ciu tao cua phdi tu
va hoat tinh khang ung thu [6-11]. thiosemicacbazon hai lan thé trén nguyén tir N*,
salixylandehit N*-azepanylthiosemicachazon

thadm chi nam cang (1V) [6].

Ngoai sy da dang vé thanh phan va ciu trdc,
thiosemicacbazon va phuc chat kim loai tuong
ung tir lau di thu hat dugc sy quan tdm cua
nhidu nhém nghién ctu bai nhitng hoat tinh
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(HzL), va nghién cau kha nang tao phic cua
phdi tr ny vai ion kim loai chuyén tiép Cu?*.
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2. THUC NGHIEM
2.1. Hoéa chit va quy trinh téng hep
Céc hoa chat duoc sir dung déu dat tiéu chuan
tinh khiét phan tich. Dung méi dugc cét lai
trude khi str dung.
Tong hop phoi tr (HoL): Thém N*-
azepanylthiosemicacbazit (5,19 g; 0,03 mol)
vao 20 mL EtOH cd chira salixylandehit (3,2 mL;
0,03 mol). Khudy toi khi cac chat tan hoan
toan va dun hdi Iuu trong 3 gio. San pham tach
& dang chat ran sau khi 1am lanh hdn hop phan
tng voi nude da. Tién hanh loc, rira véi EtOH
lanh va Et,0 thu dwoc chat rin khong mau. Hiéu
suat: ~ 60%.
Tong hop phic chat: Thém phéi tir HoL (13,85
mg; 0,05 mmol) vao 3 mL hdn hop MeOH va
CHCl, (v:v, 1:1) chia CuCly-2H,0 (8,55 mg;
0,05 mmol) thu dugc dung dich mau ndu dam.
HGon hop phan ung duoc khudy & nhiét do
phong 30 phut truge khi thém Et;N. Bé bay hoi
dung mdi cham ¢ nhiét do phong, tir hdn hop
phan mg thu dwoc chét rin dang tinh thé, mau
nau dam co kich thudc va chat luong phu hop
dé do nhidu xa tia X. San pham duoc loc, rira
bang MeOH lanh va 1am kho dudi &p suat thap.
Hiéu suat: ~ 70%.
2.2. Cac phuong phap nghién ciu
Phé hdng ngoai dwoc ghi trén may IRAffinity-
1S trong vUing 400-4000 cm™ tai B mon Hoa
Vo6 co, Khoa hoa hoc, Truong DHKHTN,
DHQG Ha Nbi. Mau duoc ép vién voi KBr.
Phé cong huong tir hat nhan 'H dwoc ghi trén
may Ascend™-500MHz ¢ 300K, dung moi
CDCl; tai Khoa Hoa hoc, Truong DPHKHTN,
DPHQG Ha Noi.
Phd khdi lugng phéan giai cao (HR-MS) dugc
do trén may SCIEX X500 QTOF tai Vién Hoa
hoc, Vién Han 1am Khoa hoc va Coéng nghé
Viét Nam.
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Dit liéu nhifu xa tia X don tinh thé (SC-XRD)
dugc do trén may Bruker D8 Quest tai Khoa
Hoa hoc, Pai hoc Khoa hoc Ty nhién, PHQG
Ha Nbi ¢ 270 K, dbi am cuc Mo véi budce song
Ka (4 = 0,71073 A). Anh nhiéu xa duoc ghi
trén detector CMOS dang hinh vudng kich
thuée 20cm x 20cm. Khoang cach tir tinh thé
dén detector 12 4 cm. Qua trinh xur 1i s6 lidu va
hidu chinh sy hép thu tia X boi don tinh thé
duoc thuc hién trén cac phén mém chuén cua
méy do [13-15]. Cau triic dugc tinh toan bang
phdn mém SHELXT va t6i wu hoa bang phan
mém SHELXL [16-17]. Vi tri cic nguyén tir
hidro dugc x4c dinh theo cac thong s 1i twong
(goc, do dai lién két) bang phan mém SHELXL.
Cau tric tinh thé dugc biéu dién bang phin
mém Olex2-1.2 [18].

3. KET QUA VA THAO LUAN

3.1. Nghién cteu phdi tir salixylandehit N*-
azepanylthiosemicacbazon, H:L

Phéi  tir  salixylandehit  N*-azepanyl-
thiosemicacbazon (H.L) dugc téng hop qua
phan ung ngung tu giita salixylandehit va dan
xuit N,N thé cua thiosemicarbazit trong EtOH
(So @b 1). Thanh phan va ciu tao cua HL
duogc nghién ciru bang cac phuong phéap phd.
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So do 1. Phan iing tong hop phai tir HaL
Tin hiéu manh nhat trén pho khdi lugng ESI- tng
vGi manh ion [HoL — H]- (m/z = 276,1195) cho
phép khang dinh thanh phan phan tir caa phdi
tir itng vai céng thac Ci4H19ON3S (277,39
g/mol).
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Hinh 1. Phé HR MS cua H,L
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Trén phé IR cua HoL (Hinh 2) xuat hién cac dai
hép thy trung binh chan rong ¢ 3313 cm! dic
trung cho dao dong hoa tri cua nhém NH va
nhom OH.

Hinh 2. Phé IR cia HoL

Su ¢6 mat cua dai hip thu manh tai 1614 cm dac
trung cho dao dong cua lién két C=NI. Sy ving
mat cac dai trong viing 2500-2700 cm* dic trung
cho dao dong héa tri cia nhom —SH va sy xuat
hién dai hap thu tai 860 cm dic trung cho dao
dong hoa tri cua lién két C=S ching to phéi tir ton
tai & dang thion & trang théi ran.

Céau tao cua phdi tr ciing dugc nghién ciau
biang phuong phap cong huéng tir proton trong

dung mdi CDCls. Trén phé *H NMR cuaa HaL
(Hinh 3), tin hiéu céng huong ¢ 11,37 ppm
duoc quy gan cho proton nhém OH, con tin
hiéu & 8,89 ppm la proton cua nhdm 2NH. Tin
hiéu trong vung 6,8 — 7,3 ppm duoc quy gan
cho proton cta vong thom. Proton cua cac
nhom metylen trong vong azepan cho tin hiéu
coéng huong tai 3,79 ppm va trong vung 1,5 —

Hinh 3. Phé H NMR cza HoL

Bang 1. Tin higu trén pho *H NMR cua HoL

Vj tri (ppm) Dic diém Tich phan | Hang sb twong tac Quy gan
(Hz)

11,37 S 1,0 - OH
8,89 S 1,0 - 2NH
8,10 S 1,0 - 1CH

7,28 -17,25 m 1,0 - 5CH
7,13 d 1,0 7,5 "CH
6,98 d 1,0 7,5 14CH

6,86 — 6,83 m 1,0 - 16CH
3,79 m 4,0 - 5CH va *°CH
1,80 m 4,0 - 5CH va °CH
1,56 m 4,0 2,5 "CH va®CH

3.2. Nghién ciru phirc chat CulL

Phirc chat Cu(II) dugc tong hop bang phan ung
truc tiép cua phdi tr H.L véi CuCly trong
MeOH véi sy c6 mat cua EtsN (So dd 2). Bazo
nay tao thuan loi cho su tach proton cua phéi
tir va do d6 tang téc do va hiéu suét cua phan
ung tao phuc.

H
\N/NT"O + CuCly
s

OH
Sor do 2. Phan iing tong hep phic chat Cul

EtsN
- Et;N.HCI

CuL
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Khi so sanh phé IR caa CuL (Hinh 4) va phdi
tir tu do HoL nhan thiy sy bién mét cua dai hap
thy trén 3100 cm* chang té su tch proton cua
nhém NH va OH. Bén canh d6, su chuyén dich
c4c dai hap thy dic trung cho lién két C=N* va
nhém CNN vé phia s6 séng thap hon duoc giai
thich 1a do phdi tir da lién két ion kim loai qua
nguyén tir N* cua lién két C=N!, dan dén mat
do electron trén lién két nay bi giam.




Hinh 4. Phé IR cua phitc chat Cul

Bang 2. Mgt sé ddi hap thu ddc trung trén phé
IR cua CuL va HoL

Dai hap thu (cm™)

V (A3 2904.9(8)

Nhoém khéng gian P2i/c

Z 4

Dit (g-em™) 1,550

u (mm™) 1,645

S6 phan xa do dugc 17003

S6 phan xa doc lap 5491

Rint 0,0967

S6 tham sé 361

R1/WR2 0,0615/0,1365
GOF 1,023

Hop
enit| YO e =y hienny|vics)
v(NH)
1462 | 860
HL| 333 (0,1 1614 (m)| |
1436 | 814
cuL ; 1595 (m)
(tb) | (th)

Ngoai ra, sy suy giam manh vé cuong d6 cua
dai hap thu @ng véi lién két C=S xac dinh su
thiol héa cua hop phan thiosemicacbazon va su
hinh thanh lién két phéi tri gitta nguyén tr S va
ion Cu?*. Nhu vy, phd IR cho phép dy doan:
trong phuc chat, ion kim loai lién két vai phéi tir
{L?} théng qua cac nguyén tir N, S, O.

Céu triic cua phtrc chat CuL da dugc xac dinh
dya trén phuong phap nhiéu xa tia X trén don
tinh thé. Pon tinh thé ¢ chit lwong phu hop
thu dugc tir su bay hoi cham dung mdi khoi
hon hop phan ang & nhiét do phong. Thong tin
tinh thé hoc cua ciu trac phuc chit duge dua ra
trong Bang 3. CAu triic ciia phtc chit CuL duoc
trinh bay & Hinh 5. Mot s d6 dai lién két va géc
lién két duoc liét ké trong Bang 4.

Bdng 3. Dit kién tinh thé hoc ciia phirc chat Cul

Cong thac C28H3402N6S,Cuz
My 677,81

Hé tinh thé Pon ta

a(A) 12.4729(16)

b (A) 24.876(4)

c(A) 9.5884(17)

o) 90

50 102.468(6)

7 () 90

Két qua tinh todn va téi wu cdu tric cho thay
phtic chat ton tai & dang dime hoa [Cu(L)]2.
Trong mdi don vi [Cu(L)], ion Cu?* c6 kiéu
phdi tri vudng phing hoi bién dang. Cu thé la:
ion Cu?* phdi tri vai phéi tir da tach hai proton
{L%} qua bd nguyén tir cho (N, S, O). Vi tri
cudi cung trong cau phéi tri vudng phing cua
Cu(Il) duoc chiém gitt bai mot nguyén tir O
cia don vi [CuL] con lai. Thanh phan va dic
diém ciu tao thu dwoc trén day phu hop véi du
doan dua ra dua trén dir kién phd IR. Do dai
cac lien két C-S, C-N, N-N trong khung
thiosemicabazon nam trong khoang gitra lién
két doi va lién két don tuong ung (Bang 4).
biéu nay khiang dinh sy thiol cua hop phan
thiosemicacbazon trong qua trinh tao phuc va
sy giai toa electron m trong vong chelat lam
bén thém hé phuc chat.

Hinh 5. Cdu trac phan tir ciia pheic chat Cul



Bang 4. Mgt sé dg dai lién két (R) & goc lién két (°) trong phan tiz [CuL]:

D6 dai lien két (A)

Cul-N1 1,933 Cu2-N21 1,906
Cul-S5 2,203 Cu2-S25 2,223
Cul-013 1,941 Cu2-033 1,951
Cul-033 1,992 Cu2-013 1,957
Cl11-N1 1,298 C31-N21 1,299
N1-N2 1,390 N21-N22 1,395
N2-C3 1,307 N22-C23 1,316
C3-S5 1,751 C23-S25 1,739
C3-N4 1,356 C23-N24 1,340
Go6c lién két (°)

N1-Cul-S5 86,62 N21-Cu2-S25 86,26
N1-Cul-013 93,67 N21-Cu2-033 94,73
013-Cul-033 76,06 033-Cu2-013 76,66
033-Cul-S5 103,5 013-Cu2-S25 102,4
N1-Cul-033 169,5 N21-Cu2-013 171,3
013-Cul-S5 177,5 033-Cu2-S25 165,9
4. KET LUAN [3] Z. Zhang, P. Yu, Y. Gou, J. Zhang, S. Li, M.

Di téng hop thanh cong phéi tir salixylandehit
N*-azepanylthiosemicacbazon (H.L) va phirc
chat Cu(ll) twong tmg. Thanh phan va ciu tao
ctia phéi tir HoL dugce nghién ciru bang phuong
phap phdé HR-MS, phd IR va phd 'H NMR,
trong khi cdu triic cua phirc chit CuL duoc
khéo sat bang phuong phap phd IR va dugc
xac dinh bang phuong phép nhiu xa tia X trén
don tinh thé. Két qua cho thdy phuc chéat Cu(ll)
ton tai & dang dime [Cu(L)]2. Trong mdi don vi
[Cu(L)], ion Cu®* ¢6 kiéu phéi tri vudng phing
hoi bién dang véi cau phdi tri tao thanh tir by
nguyén tir cho (N, S, O) cuia phdi tir tch proton
{L2} va nguyén t& cho O ctia don vi [Cu(L)]
con lai.
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