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Syntheses, Crystal Structures, Antioxidant Activity and Quantum Chemistry Calculation
of an Acylhydrazone Ligand Containing Thiophene Moiety and Its Cu(ll) Complex
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Abstract: An acylhydrazone-type Schiff base containing sulfur, 2-thiophenecarboxylic acid (2-hydroxly- 4-
diethylamino-benzylidene)-hydrazide monohydrate (H,L+H,0, 1), was synthesized in the ethanol, and a complex
[Cu(phen)L] (2) constructed from the H,l. and phenanthroline was prepared by using diffusion method. The
compounds 1 and 2 were characterized by elemental analyses, IR, UV spectra and X-ray diffraction analysis. The
results reveal that the ligand 1 belongs to orthorhombic P2,2,2 space group, while the complex 2 belongs to
monoclinic P2)/c space group. The Cu(ll) atom locate in a distorted square-pyramidal coordination, in which
ligand H,L is deprotonated and coordinates to the Cu(ll) ion via carbonyl oxygen, phenolate oxygen and imine
nitrogen atoms. The quantum chemical calculation for 1 and 2 was performed by means of Gaussian 09 program
at B3LYP/6-31G(d) and UB3LYP/6-31G(d) basis set, respectively. After optimization of molecular geometry of 1
and 2, molecular stability, energy and composition of frontier molecular orbitals and electronic spectra have been
analyzed and discussed. The antioxidative activity of the compounds has been studied. CCDC: 1041074, 1;
1043426, 2.
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18 [ Elmentar Vario EL JC & 2 M1 ; 3£
Nicolet is10 % FT-IR £LAMGIEAL ; [ 55535 UV-
1800PC A58 4h—n] WL 3 566 BTt FE I €5t STA
409 PC BIZa5 A B AL ; € Varian CARY/Eclipse
RGN 4 6 BE it #E E Bruker Smart Apex 1T
CCD F @A,

WEW-2-F IR 4-(Z Z WS KW I | 2 R A |
FEHE Wk (phen)  FF BEAT NV, V- B 35 B e 45 2 Sy il
Bt Al )

1.2 HL W&

5 mmol MEMy-2-H1 Bt A1 5 mmol 4-(—. & iz Ak)
IKAGBERS R T 20 mL oK SBEH, A 0.5 mL oK
BSiR , T 75 C R IR 2 h RS A 2=, H
U8 CBEpR, SR ELS T A B HLL 09 B 68
KPR 85%,, WK AW B K (R FR L 1:1) 8
g, A5 B T X T Z AT S AT HLL 9 — K

G901 B AR AL X CgHN,0,8 - H,0 TR 5
B s (BB 1H ,%).C 57.27 (57.29);H 6.33
(6.31);N 12.46(12.53), IR(KBr & J ,w/em™).3 542
(w),3 333(w),3 204(m),2 975(w),2 933(w),1 636(vs),
1 589(s), 1 523(s),1 415(m), 1 352(s),1 293(s), 1 246
(s),1138(s), 1 080(m), 1 063(m),974(s),844(s),717(s)
1.3 BE&EY[Cu(phen)L] 2)HI& &K

5 mL ZB2% (0.1 mmol) AZK K & T8 K
2, 5 mL CEEAEREE, ¥ 10 mL & 0.1 mmol
H,L A1 0.1 mmol phen B H S A L2 i
PREENER B3 d JEEDHT iR 2 Y B (o RolR B X
CosHosCuNs0,S JC 2 43 B 1Y SE i AE (BB H , %) C
60.10(60.15);H 4.57(4.51);N 12.51(12.52), IR(KBr J&
A vlem™):2 959(w),2 928 (w),1 603 (vs),1 515(s),
1 502(vs), 1 438(w), 1 426(s),1 384(s), 1 330(s), 1 244
(s),1137(s),1089(s),1071(s),848(m),728(s),717(m).,
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43 E R 0.15 mmx0.10 mmx0.08 mm (1)1 0.22
mmx0.24 mmx0.26 mm (2)11% 5. ¢ & T Bruker Smart
Apex CCD B i I, HZ& A B a3 R fh
) Mo Ka #f%k (A=0.071 073 nm) 43 3 7E 1.9°<0<
28.61° (1)F1 1.1 <6<26.00° (2){uFH N L o~ A5
AT 298(2) K (1)1 291(2) K (2) T U 4 it 1T 5 %4
P, AFROR B4 Lp I FRCIE IR EHT T 45
WSO T, AR 25 4 H L A ) eF 4 AR AR AU
T AR BR S A% 1] Sk S BGHE AT A TR M AR e
BB IE &5 B i EE 1S B 5 ARS8 R
SHELXTL &7 158 1, fb5 4 1 R AETF-1 4 2 4k
PJEIMEBEA R AR SERIRTE LR 1,

CCDC:1041074,1;1043426,2,
1.5 mELENK

0.2 mL A [F] e B AR i W i S 3.8 mL
DPPH(6.35x107° mol - L) DMSO IR &, iCE 1
I 4b )2 W 30 min J& , 7€ 517 nm 2030 0% 5% 1 31
FHHXTDPPH W& B R

2 ZR5iTie

2.1 Bk
2.1.1 LB 1 IR

B 1AM 1, F 2R R A
G TR 2, W HE N2-C6 H#1 0.128 1(4) nm, J& HLAY
XU 01-C5 K 0.122 1(4) nm, BB BE A kiR 204
R AT R IR ALK | B AP R L R
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Table 1 Crystallographic data for the compounds 1 and 2
Compound 1 2
Empirical formula C16H2N;3055 CsH,sCuNsO,S
Formula weight 335.42 559.13
Crystal system Orthorhombic Monoclinic
Space group P222 P2\/c
a/ nm 1.287 2(3) 1.916 19(19)
b/ nm 1.922 3(4) 1.071 88(18)
¢/ nm 0.675 49(16) 1.168 92(12)
B1() 94.083(3)
V/ nm? 1.671 3(7) 2.394 8(5)
A 4 4
D./ (grem™) 1.333 1.551
Absorption coefficient / mm™ 0.212 1.038
F(000) 712 1156
Crystal size / mm 0.15%0.10x0.08 0.26x0.24x0.22
Range of 6/ (°) 1.9~28.61 1.1~26.0
Limiting indices (h, k, [) -16~16, -25~25, -9~8 -23~23, -13~13, -14~14
Reflections collected 14 522 17 392
Independent reflections 3988 4 708
Observed reflections (I>207(1)) 2730 3482
Data / restraints / parameters 3988 /6/221 4708 /0/336
Goodness-of-fit on F* 1.067 1.02

Final R indices (I>20(1))
R indices (all data)
(80} (Ap)yi / (o)
Flack

0.061 7, 0.144 6
0.089 6, 0.157 8
380, 220
0.62(5)

0.055 3, 0.127 0
0.070 6, 0.131 2
410, -400

WEWY PR 5 ORIA TR 2 14.50, WEWY IR 5 I i B
stV , LA C3-C4-C5-01 Fl €3-C4-C5-N1
I3 9R 179.6(4)°F1-0.9(5)°, /K 4% 4k 5 W i BE [Rl # )L
Pt A L N2-C6-C7-C8 il N2-C6-C7-
C12 4334 176.0(3)° Fi-5.2(4)° , B i C4-C5 F1 C6-
C7 ¥ /N C13-C14 1 C15-C16 H.4#  N1-C5 N1-
N2 1 N3-C10 54 0.1339(4)~0.138 5(3) nm, & i
BUERRAE , BB N1 S5k IEANE R 5L N3 58717

T p-mr FLHEAE L, fb& Wil i K o 5 ks S RTK
S FH5RIEZ I N-H---0 F1 O-H---0 (& 3)E
B — 4 5 (K 2),

Yo

F 1 aw 180T 45 (R 30%)
Molecular structure of 1 with 30% probability

Symmetry codes: ' x, y, z—1; " —x+2, —y+1, z

B2 B 1T il T A i B S R U
Fig.2 Hydrogen bands double chain along ¢ axis in 1

Fig.1
ellipsoids
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Table 2 Selected bond lengths (nm) and bond angles (°) for the ligand 1

S1-C1 0.167 9(4) N3-C13 0.144 6(4) C7-C12 0.139 6(4)
S1-C4 0.170 6(3) N3-C16 0.150 6(6) C8-C9 0.138 2(4)
01-C5 0.122 1(4) C1-C2 0.131 0(6) C9-C10 0.139 7(5)
02-C12 0.135 1(3) €2-C3 0.140 1(5) C10-C11 0.139 3(4)
NI-C5 0.133 9(4) C3-C4 0.136 2(5) C11-C12 0.136 8(4)
NI1-N2 0.138 5(3) C4-C5 0.147 1(4) C13-C14 0.149 2(6)
N2-C6 0.128 1(4) €6-C7 0.144 1(4) €15-C16 0.148 2(10)
N3-C10 0.136 7(4) C7-C8 0.137 7(4)
C1-S1-C4 91.87(19) (C3-C4-S1 111.0(3) C8-C9-C10 120.4(3)
C5-N1-N2 120.3(2) (C5-C4-S1 117.5(2) N3-C10-C11 122.4(3)
C6-N2-N1 114.7(2) 01-C5-N1 123.7(3) N3-C10-C9 121.03)
C10-N3-C13 122.1(3) 01-C5-C4 120.4(3) C11-C10-C9 116.5(3)
C10-N3-C16 120.0(3) N1-C5-C4 115.9(3) €12-C11-C10 122.6(3)
C13-N3-C16 116.3(3) N2-C6-C7 123.7(3) 02-C12-C11 118.0(3)
€2-C1-81 111.7(3) €8-C7-C12 116.7(2) 02-C12-C7 121.1(2)
C1-C2-C3 114.8(4) C8-C7-C6 119.9(3) C11-C12-C7 120.9(3)
€4-C3-C2 110.6(4) C12-C7-C6 123.4(2) N3-C13-C14 112.6(4)
C3-C4-C5 131.6(3) C7-C8-C9 122.9(3) C15-C16-N3 113.9(5)
(C3-C4-C5-01 179.6(4) (C3-C4-C5-N1 -0.9(5) N2-N1-C5-01 0.2(4)
N1-N2-C6-C7 179.2(2) N2-C6-C7-C8 176.0(3) N2-C6-C7-C12 -5.2(4)
C5-N1-N2-C6 170.3(3) C13-N3-C10-C9 -0.7(5) C16-N3-C10-C9 14.2(5)
3 1PHSEEKOmMERC)
Table 3 Hydrogen bonds lengths (nm) and angles (°) in the crystal of the ligand 1
D-H---A d(D-H) d(H---A) d(D---A) £ DHA
02-H2---N2 0.082 0.197 0.268 9(3) 146.5
NI-H1---03' 0.086 0.211 0.294 3(3) 161.5
03-H3A---01 0.085 0.186 0.268 3(3) 164.0
03-H3B---02" 0.085 0.218 0.297 0(4) 154.0

Symmetry codes: ' %, y, z—1; " —x+2, —y+1, z

2,12 2 ARG

G 2 W5 FE5H WL 3, B ER R Ay
HITR 4, ZEEDH 1A CaD)E T 1 A EM
(phen) T 1 A>T A0 1 Bt B E BH 25 122 A, Horr
P Jos A s Pt S HE A7, W6 BR RS R BT 1, US4 1y
PRI B A S8 B R, B Cull)
MBI ECH 5, AbF AR U HERC AL A BE . 01,
02 N2 Fl N4 fii T #EJE ,Cu-O A1 Cu-N # K 7F
0.189 3(3)~0.200 0(3) nm & [l ;N1 fii THE T, Cul-
NI 814 0.219 9 (3) nm;0-Cu-O N-Cu-O #I N-Cu-N
SRR 78.11(13)°~172.96(15)°,  H1 T~ B Ji LA 45 B =X
Be A7 , 507 B B MM e c=0 #Ems A $7 K, 01-C17
0.128 7(5) nm; T Bt i 19 N3-C17 B W) 45 2 =

& 3
Fig.3 Molecular structure of 2 with 30% probability

ellipsoids
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Table 4 Selected bond lengths (nm) and bond angles (°) for the complex 2

Cul-01 0.198 2(3) Cul-02 0.192 6(3) Cul-N1 0.219 9(3)

Cul-N2 0.200 0(3) Cul-N4 0.189 3(3) N3-C17 0.130 0(5)

N4-C18 0.126 2(5) 01-C17 0.128 7(5) N3-N4 0.139 3(5)
01-Cul-02 162.15(10) 01-Cul-N4 81.63(12) 02-Cul-N4 92.50(12)
01-Cul-N1 100.05(11) 02-Cul-N1 97.79(11) N1-Cul-N2 78.11(13)
01-Cul-N2 93.39(11) 02-Cul-N2 90.80(11) NI-Cul-N4 107.57(14)
N2-Cul-N4 172.96(15)

0.130 0(5) nmphen BCH Y BT A3 IR F 56 4 H -1 | 4
A 73 F 1 phen Z A TERGR 1Y - AHEAE
FH (& 4), Bit> Cgl---Cg2' [ FH 0.355 0(3) nm(Cgl
C1/C2/C3/C4/C12/N1;Cg2:C7/C8/C/C10/N2/C11), —
WA 1.9, BCE YT ar-ar A EAE ] A 4125 0l — 4
BEARER > MTWEW 22300 C14-H14 F1ZBE 1) C26-
H26A 43 5 5 40 2888 43 F 55 19 phen [ 7755 1 C-
He7 590 M EAEH (C147-H14%---Cgl:0.276 0(3)
nm ; C261-C26A’---Cg2':0.296 8(3) nm)(&l 5), I TMKf
e L B 5 N

Hydrogen atoms are omitted for clarity; Symmetry codes: ' x,

—0.5-y, =0.5+z
4 G 281 o FEAEHE B0 — e 454

Fig.4 1D structure via 7-7 stacking interaction of the 2

Symmetry codes: ' x, =0.5-y, =0.5+z; " 1-x, =0.5+y, 1.5-z; " 2—x,
-0.5+y, 0.5z

K5 gk 2 i C-H---m FEH
Fig.5 C-H---7 interaction in crystal of 2
22 LISMSETEFFE
L9013 542 F01 3 333 em™ VA Jm 45 R K A

PRI M AE IR 30 ;3 204 em™ I JE BE R Y N-H {1 45
PR3, T8 AL G W 2 J5 0T % U B TC AR DL s
A ALA7 32 975 Fl 2 933 J& I & J 1 R fiF 1 A
g1 1636 F1 1 589 em™ Kb B i 1Y W2 AU 1 i T
JEFEHA R C=0 F1 C=N W4 iR, MifE 2 PCT
1 603 cm™ 3L C=N B &i 3R 2) | 2F — 20k I Ae AR
P B A 51 293 FT 1 246 em™ 40502k A C-N
Ml C-0, WHRECAGYWIEMIFEE 1330 Ml 1 244 em™;
717 em™ 0 C-S M4zl , w48 WEwY 2401
FROEUE | R T HEm RS Sl 16 2 hR kAR 4k
(717 em™), 1426 848 1 728 cm™ /& phen MYFFAEIE
23 ETFUHFHE

H Gaussian 09 & ¥ A, >R F % &3 ok B8
(DFT), B &R 2 28078 B3LYP K°F-,%F C,H,0,
N,S J#FH 6-31G(d), Cu J&F H lanl2dz £:41 , % {
G012 BATILMIOEAL, R R AR AT 2
SRR 5) BT FHUIE (K 6 R 7)1 R 1 A0 ZH K
(F 6 M 7) LAROGIE MG, AL 254 5 52 50 4%
VT, 3E Y B A RS T AR

x5 UEW 1T 208 NFESH

Table 5 Thermodynamics parameters of compound

1 and 2
Thermodynamic parameter 1 2
I,/ eV 6.441 5.432
E,/ eV —-0.064 -0.668
X 3.189 2.382
! Debye 5.84 9.22

AE(Eymo—Evwowo) 1 eV -3.516 -2.026
S/eV 2.064 2.792
C,/eV 1.052 1.639

2.3.1 HiZksr THUEE ARk
&Y 1 f 2 BIRTL T s Bl an & 7 Fn 8
Jis
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Table 6 Frontier molecular orbital energy and molecular fragment contribution to

the molecular orbitals of compound 1

Contribution / %

Orbital Energy / eV
CuN CqO CN,0 CS
LUMO+1 -0.626 3.1 28.3 37.8 26.5
LUMO -1.497 1.4 8.8 37.3 48.5
HOMO -5.007 28.0 45.6 21.9 1.5
HOMO-1 -6.575 9.9 12.4 22.0 52.0

®7 HENUEW2HEIRS THE

BEB RS FHER I Z S FHERK

Table 7 Frontier molecular orbital energy and Molecular fragment contribution to

the molecular orbitals of compound 2

Contribution / %

Orbital Energy / eV

CpN, CsN,CuO, CsS CN

144a -0.715 8.6 56.3 27.9 2.5
1400(SOMO) -4.207 0.0 74.7 7.3 13.7
1408 -2.158 98.3 0.0 0.0 0.0
1368 -5.882 1.2 343 56.5 22

6 WEW 1MLy THE

Fig.6  Frontier molecular orbital of compound 1

EleV %
-0.700 )
20715 g #,
>

il 1444
9'%
2138 <3
-4.207

1408

-5.882 a

“’o.‘ B jj) _l_ ﬁ:}‘z‘a

g9, 53, ol
1360 1368

7 7 DFT(UB3LYP/6-31G(d)(C,H,0,N,S), lanl2dz

(Cu))KFTHEAEY 2 WHTL D THUE

Fig.7 Calculated molecular orbitals of compound 2 at the
DFT(UB3LYP/6-31G(d) for C, H, O, N and S,
Lanl2dz for Cu)level

AW 10 AE=E, no-Enowo=—3.516 eV, ZH
AN UL A W B A B TR KTl 438
gy, ol ORI N, FEEER O, kR
CN, O BEWY S C,S, il o 7158 70 7 0 o X 4 T 9L
TR (R 6), s i E HOMO WL 1= E 24
TE Ce0(45.6%) .C:N,0 (21.9%)Fl CN(28.0%) L, 4%
Oy FRE I | 5 RO 0 A oy LA A
e e R (O (S I B oot 7 R
G B BT B, R R A E AR R L
LUMO 19 3% 6y JL-F- 3k A5 F B &R T 4h i A
&Y, UEIHIZ R B 23 B ol e o B T 0 S2 4
Bk A P SO B & ML X LUMO #9 BTk CN
M2 1.4%, 10 C,S 3 % 48.5% , B W HL T HOMO
] LUMO BRITHY , =2 & A i R i i — L e )
WE WY I FE RS

AW 2 1) AE=E yo—Enow=—2.026 eV, ZZ{H L
BN, LG EABESNEY, BT 0k 4
B3, o3 A R AEME R C N, CgN,CuO,  HEW; 2 C,S . —
CMESE CN B A5 T 0 7 6o T LI DTk (R
7)o i B R FLE (SOMOYHL T = R EE h1E
CsN.Cu0,(74.7%) . —. £ e 5 (13.7%) FIEW} 3£(7.3%)
HRAE 2T FEIS e m SRR 0 A o L
HA e il 7 1 VB Ud B 8 o e f Ak v
T 548 B 18 e B 2 % A A A R Y
O, 144 LT = FEAEPTE CN,Cu0,(56.3%) I,
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Py I T P Oy BRI R F SOMO ] 144 BRIT
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TR CN ] CN,CuO, M55,
232 AR OLIE

S A5 Y 58 A T I
WLE 9, EEHIES TS,

LAY 1 1% DMF % UV 6k B (& 8y,
270 nm B3 A RO T8 BCAAR Y -t B BRAE ; i
& H,L 7€ 385nm A H 58 14 55 W At F1 429 nm 4b 55
) T8 WA 8 U iR 4 P ) i % BRAE (TLCT) 3 261
Wi 0 43 53] 6 N T TR 4 F BLEE 1 HOMO -1
F| LUMO+2 1 HL 7 BRiE(209.3 nm, £=0.215 8,58%)
F1 HOMO %] LUMO+1 9 H F K i (3009 nm, f=
0.568 5,68%) &% HOMO #| LUMO [ H T BKiF (387.5
nm, £=0.598 5,70%); K 5 W (%) d5c K Kl
321.3( f=0.703 4,51%)F1 419.6 nm( f=0.507 6,70%)
(1 10), 43 %R F HOMO %] LUMO+1 F1 HOMO
F| LUMO B FBRiE

WA ) 2 Ja Bo AR e 22 Sy s i = 4 4 | 2B
FEEERG K PR s MR 8 ILCT BRiT 4 78 &
412 nm, 1M 2 " 433 nm A 158 W IRCRT BE I A D

K8, RS

26778 r 0.658
()

24311} 0.590
21244} 0.522
18477F 0.454
—g 15710} 0.386

2l
‘E 129402} 0318

2
< 10175} 0.250
7408} 0.182
4641} 0.114
1874}f I L 0.046

1l L

1 N N 1 " s 1 2 s
162.0 188.6 215.2 241.8 268.3 294.9 321.5 348.1 374.6 401.2 427.8
Wavelength / nm

f

3 1 )
J T ' L
280 370 460
Wavelength / nm

1: H,L (272, 385, 429 nm); 2: [Cu(phen)L] (270, 412, 432 nm);
3: phen (267 nm)

P8 o A A B P A2 0 6 5 5 T L R
Fig.8 UV-Vis spectra of the ligands and complex
15 4 & Z2 6] 1 faf B BRAE (LMCT B MLCT) 6, 3X
S IR WA W 73 A1) = B X g T 2R T ALE Y 1368 F
1408 11 HL 7 BKE (388.9 nm, /=0.018 7,77%) 1 140c
(B} SOMO)# 1440 B HLFBRIF(399.5 nm, /=0.522 3,
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Fig.9 Calculated electron absorption spectra of compound 1 (a) and compound 2 (b) at the TDDFT level
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Table 8 Experimental and calculated UV absorption spectra of compound 1 and 2

UV absorption of 1 (A / nm)

Relative percentage / %

UV absorption of 2 (A / nm)

Relative percentage / %

Exp. Caled. Exp. Caled.
270 209 22.59 412 389 5.58
385 300 22.08

433 400 7.62
429 388 9.56
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Fig.10  Calculated absorption spectra and corrected

emission spectra of compound 1 at the TDDFT
(B3LYP / 6-31G(d))level
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Fig.11  Scavenging effect against DPPH radical of 1 and
2
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