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Syntheses, Crystal Structures and Antibacterial Activities of

Complexes with N-(6-Quinolyl)salicylaldimine Ligand
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Abstract: The 4-methoxy-6-amine quinolone Schiff base (L) was prepared, and [Col,| (1), [Znl,] (2) and [Cul,]

(3) complexes were synthesized. The structures of compounds were characterized by IR, 'H NMR, elemental

analysis and X-ray single crystal diffraction. Their biological test results showed that they exhibited good

fungicidal activities to four vegetable pathogens

(Fusarium solani, Colletotrichum gloeosporioides, Cytospora sp.

and Botrytis cinerea). CCDC: 1508993, 1; 1508994, 1; 1508995, 2.
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Scheme 1

1 SEEHES

11 XB5RF

AR X-5 B B0 S0 2 4L, Bruker Tensor 27-
IR £L5M A (KBr F Fr %), Bruker AM-400 #8 3
S BT ARG S IRAL (TMS 9 N FR , DMSO-dg %
A1), Bruker MAXIS & 73 ## B 1% AL (72 [E Bruker 2>
), Bruker Smart-1000 CCD % X-5F & 5 & 777 5
LDZX-30KBS 7. =X & 77 25 V3 K I& #F ,SHP-250 4= 1k
R4

B B PR 3 Ry A gl T R T R R
Bt — 7 Lo ) SR A AR | SR B K 4 A
(pH=7.0~7.2), It & m K E G H
1.2 B 4-REEKIGERE 6- TEBEW(L)HE K

£ 100 mL XSGR H, A 1.38 g(10 mmol)
X 2R BN 1.80 g(20 mmol) HiHT, HLAR S £ | 74 in
1.60 mL iR, 1 S P42 U5 218 i 2 95 ¢,
N1 h RS IAAZR 160 CRN, TLC W45 SN (29 )
B 10~16 h), FERBSE4IG BHIZ = A 100
mL 7KK H 27K (4.0 mL) 5 pH=7~8, 2L 3§ | IE
PEKVE TES A 20 mL 42 4T K 0.5 g T 1
B 3 h e b g FAR B S R AT O [
T Uk IECBEVE T T IR O ke/ LR TR E 4
A A 6-filf FEME IR Y K (L [E A 0.8 ¢, 77 % 45.9%,

£ 100 mL AR, i A 0.60 g(3.5 mmol)
6T HEME I 20 mL H LA & 0.06 g P/C (10%), i
T 1.02 ¢ (17 mmol) /K & Wk 52 J5 I = 60 C,
TLC W48 KWL (ZY S 2~3 by, R G 2 2%
Tk, ok g F BRI D, W 4E IR, A 30 mL K,
PEFE 30 min J5 U8 VOKBES TR 1S IR B0 6-

JHe IR 0.45 ¢ [, 73 90.6%,

FRIL 1.44 ¢(10 mmol) 6-Z 5 Ik T 100 mL XX
FUFR T A 30 mL ZBEE SN D Al L % 55
B 1.52 g(10 mmol) 4-H S FEK A% B, MA 20 mL &
WS e S, PR YR <52 T I B TR 5 B S
SN 3 h, TLC BRI, 520 235 o 980 Hs JiE 1156
fir, F B TR 25 AR 4T SR K I 4 6- R L s ks
B K 239 g, 7% 86% ,m.p. 168.1~169.2 °C
'H NMR (400 MHz,DMSO-d):8 12.55(s,1H),9.00(s,
1H),8.35(d,2H),7.60(m,3H),7.26 (m, 1H),7.18(dd,2H),
6.81(d,1H),6.47(m,3H);*C NMR (75 MHzDMSO-dy): &
191.5,166.1,164.1,163.4,146.9,145.9,145.2,142.1,
136.7,129.9,128.7,124.2,118.9,113.2,105.0,101.9,
55.8;IR (KBr,em™):3432,3026,2917,2870,1609,
1 563,1 536,1 497,1 431,1 331,1 211,960,805,758.,
Anal. Caled. for C;HuN,O, (%):C 73.37,H 5.07,N
10.07 ;Found(%):C 73.22,H 4.93,N 10.14,

1.3 4-BEEKGEE 6-REBEWMRESWHE K
1.3.1  4-WAEHARG R 6- 28 B w5 4 L 54
(M)A E L

FRIL0.056 g (0.20 mmol)L.,0.074 ¢ (0.30 mmol)
Co(OAc),*2H,0, I A 10 mL H EEH N, N-— H FEH
Bk (421, VIV), IF 5 L7 2 Ny 25 mL R 48
M ,100 CRN 4 d J , BHiR 0 2, Tk vk
HENLLEPAR TR ), 73 65% ,m.p. 268.1~269.2
°C, 'H NMR(400 MHz,DMSO-d,):5 8.83(s, 1H),8.29
(d,2H),7.48 (m,4H),7.16 (m,1H),7.03 (dd, 1H),6.69
(s,1H),6.12 (m,3H);*C NMR (75 MHz,DMSO-d,):8
198.6,173.4,162.3,161.9,147.2,144.8,141.1,139.6,
135.3,129.9,129.7,122.9,119.8,115.2,99.8,97.9,58.6;
IR (KBr,em™):3019,2891,2834,1605,1552,1507,
1 425,1 300,1 138,908,787,727, Anal. Caled. for
CaHyCoN,04(%) : C 66.56,H 4.27 N 9.13;Found(%)
C 66.49,H 4.12,N 9.04,

1.3.2  4-WAAHOKBEAR 6-2 Bk & FElL & 1)
)G 1

ISR A 1 B UM ESEIR G 2 1
B AR R, 77N 56% ,m.p. 247.2~248.6 °C.,
'H NMR (300 MHz,DMSO-dg):6 9.07 (s, 1H),8.55(d,
2H),7.59 (m,4H),7.36 (m,1H),7.11(dd,1H),6.69(d,
1H),6.29 (m,3H);"C NMR (75 MHz,DMSO-dy):6
193.1,167.4,166.7,164.3,156.1,144.9,141.7,139.1,
137.6,126.9,124.7,121.9,117.3,112.9,109.1,102.9,
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56.9;IR (KBr,cm™):3014,2887,2832,1606,1560,
1505,1424,1304,1 146,878,732, Anal. Caled. for
C3HyCoN,04(%):C 65.87,H 4.23 N 9.04;Found(%):
C 65.79,H 4.11,N 8.98,
1.3.3  4-HEAHOK B 6- 2 FEvEM &ML 54
R)LiEER

ISR AY 1 UM LSRR A 31
et R AR, R 72% ,mp. 278.6~279.5 °C.,
'H NMR (300 MHz,DMSO-dg):6 8.57 (s, 1H),7.98(d,
2H),7.54(m,4H),7.36(m,1H),7.28(dd , 1H),6.78(d, 1H),
6.23 (m,3H);"C NMR (75 MHzDMSO-dy):8 196.2,
170.1,159.7,149.5,148.3,144.2,142.1,136.9,125.9,
123.7,122.7,118.4,115.6,109.0,104.9,56.9; IR (KBr,

(%):C 66.06,H 4.24 N 9.06;Found (%):C 65.93,H
4.13,N 8.97,
14 BRECL)RERESEY 1.2 HRESENR

A3 e BURCAAR L KB A 1.2 RN i B
i, BT Bruker Smart-1000 CCD % X 528 /i i it
S SEATIE . I Mo Kae (A=0.071 073 nm)5f
&, AaBpadt Do B0 Sl N EE SN E
#«a@lwuﬁz%m%ﬁo BEHL 1= 200 (1) 1) ] XL 22 ,ﬁFH

&5 Kb figk A A0 /N %{P‘E G B 42
I?TQEEH%B"%WVE *ﬁﬂaﬁ%/ﬁﬁ’q’:tﬂ,ﬂa
AW B R R A o AR R A
SHELXS-97 &% 58 i, @aﬁx L MBECEY 1.2 18
REBHE S5 HE E S8 T3 1,

Final R indices [[>20(])]
R indices (all data)
Largest diff. peak and hole / (e-nm™)

R=0.045 0, wR,=0.128 3
R=0.064 0, wR,=0.154 9
160 and 197

R=0.038 4, wR,=0.104 8
R=0.053 3, wR,=0.114 0
303 and 283

em™):3 017,2 890,2 835,1 602,1 557,1 430,1 302, CCDC:1508993,L;1508994 ,1;1508995,2,
1 146,909,789,728, Anal. Caled. for CyHxCulN,0,
®1 RELRRESY 12 MEEFHRE
Table 1 Crystallographic data for compounds L, 1 and 2
L 1 2

Empirical formula CsH1N>O, CayHasCoN,O, CyHZnN,0y
Formula weight 278.3 613.52 619.96
Temperature / K 296(2) 296(2) 296(2)
Crystal system Monoclinic Monoclinic Monoclinic
Space group C2/e C2/e C2/e
a/nm 3.105 8(10) 2.529 8 2.498 0(4)
b/ nm 0.659 0(2) 0.888 7 0.895 42(16)
¢/ nm 1.351 3(5) 1.238 3 1.231 6(2)
B1(°) 102.847(5) 95.703(3) 95.916(3)
Volume / nm’ 2.696 3(15) 2.769 2.740 1(8)
A 8 4 4
D./ (grem?) 1.371 1.472 1.503
Absorption coefficient / mm™ 0.092 0.668 0.945
F(000) 1168 1268 1280
6 range for data collection / (°) 2.69~25.42 2.43~25.89 2.89~24.84
Limiting indices -35 < h <36, 32 < h <19, -31 < h <31,

1<k <4, -1 =<k <11, -11 <k <5,

-15=<1<16 -15=<11<15 -15=<il< 14
Reflections collected 6 422 7 663 7317
Independent reflections 2 368 (R;,=0.035 6) 3 095 (R;,=0.034 9) 2 794 (R,,=0.044 8)
Observed reflections [I>207(])] 1783 2 454 2 386
Refinement method Full-matrix least-squares on F*  Full-matrix least-squares on F*  Full-matrix least-squares on F?
Number of parameters 2 368, 0, 194 3095, 0, 195 2794, 0, 195
Goodness-of-fit on F 1.034 0.973 1.228

R=0.073 6, wR,=0.185 8
R=0.086 2, wR,=0.193 2
521 and -1 043
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R FH A ) B 22 AR A ARk 0 IR 2
DMSO e il Bl — 22 W B 7 R I 25 9, I A B 58 it K
WA M PDA 5 A MEEAERZE N 9.0
em 3537 ML s 24 35 552 3F AR R I 245 i DMSO i
25 R R IESR AR S TR A R AR L e
FETR BT 4 AT 4 5 100 R DF (B AR 0 4 mm), T
22T R E 3N ER 7R 28 C TR 3d A,
A SR R TR R ) ELAR OB AE AR
WEMER DN A B I

_Ba-B,
x=t 2y x100%

Hor By =S FIR MR ELAR  mm; By O Ak B V%

E?ﬁ,mmo
2 HR5TR

2.1 ERRFIE & ¥ B 4T 50 R A% H R AE

UAMGTEE T, BRI C=N 48 4k 3 1 5
FEEAE 1609 Ml 1563 em™, 5 Co)ELA )5 , Fic
AW 1B C=N i 45 ¥z 2h (9 45 32 0 BLAE 1 605
1552 em™; 5 Zn(DBECA S5, B &40 2 19 C=N fii 44
IR INZAE 1 606 F1 1 560 cm™; 15 Cul(l)BEL A7
J&, BCAY 3 19 C=N i 45 4 2h 19 5 26 78 1 602 1
1 557 em™;3 FHACA P05 BCARAE LE , C=N 1 45 ¥z 3l
R I R A 80 X R A R 5 4
BET kA TRAAEN,

WA, SERLAHE, FRAYW 1230
'H NMR &, BRI R S S H K, FEE
BC NMR &, R A5 5 & 35 5% 203,
2.2 BEREMESYHRELEH
221 A-WEFKGIEDR 6-28 K WE k(L) A AR 25 1

4-H SRS KA B 4 628 JE W R (L) 1) 43+ 45 1
WE 1 BRSNS FRE T AL S 1 AN SRR |1
M IER BRI P IR 2 L H 11 C=N
NUBEAR % | wsmkER b Y i A i B AR /N e T T

H4C H4B H2 01 H1S5

KRR LA T a5 R

Fig.1 Molecular structures of ligand L

I B 43504 0.000 80 nm, BR ¥R L i Ji 7 3L A
HFTRY . C=N XU 5 45 e AL 5% #f 2 C1-C7-
C8-N1=-3.4°, fi 5 Mk B i B4 4% f £ C8-N1-C9-
C10=-23.6°, #ILZ T C3 Ly H A& 5 AR HA
i AL A £ C4-02-C3-C5=-177.8°, BLAF, e/
KRR TG IR AETE O1-H1---N1 194> F N &
(1 0.258 7 nm, #E A 152.66°),

FE L WA ARZE R | A R 43 B) AT HE
G, 2 A R (C1~C7) 5 BC ¥ (¥ Wk 3 C9~C12/N2/
C13~C17)Z 0] 77---qr HEFRAE FH (CgA-CgBC 0.370 6
nm)JE B — A~ IR IR IR ) 2T HER
H C-H---7r EHAE—EH15---CgA 0.286 2 nm), %
SERE A TTHCEE 1 3R 43 18] 557 75 HE R HIAS W 42 fift
I 2 U ¢ e IR E5 49 (K 2)

Symmetry codes: ' —x, y, 0.5-z; " —x, -y, —z

K2 WM Ly 07 A o B T

Fig.2  Aromatic stacking interactions in ligand L

FERLAR L W5 F 250 b FHAR I 2 A4 F [l ik
257 IR S C13-H13--- 02" & R AHE B i
a ST A A — R R 25 RH AR I — ZE g ) L
30 35 53 ] S C4T-H4% - N2 A B % 2 A W 4E
fift | Fe 2y e T Yk R A 25 4 (U Y B SR
W3R 2) AE 7 A MEAR R S L R VR T | L B 2 2 B
—YE MRS

>
S A PN O N
LEE A 2 oes ,i
“ A Tty A4t ] .
Symmetry codes: " —x, 1+y, 0.5-z;  x=0.5, 0.5-y, z-0.5; * 1-x,
—y=0.5, z+0.5
3 BCARTL 4 Ah 43 i) SRR BRI I A &5 44

Fig.3 Net formed via two kinds of intermolecular

hydrogen bonds in ligand L

222 4-WEIKBRES 6- 2 IV S B (1) 5
Ra5Hy
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Table 2 Structural parameters of hydrogen bonds for ligand L. and complexes 1~2

D-H--A d(D-H) / nm d(H---A) / nm d(D-+A) / nm £DHA / (%)
L
O1-H1--N1 0.091 4 0.174 0 0.258 7 152.74
C13-H13---02" 0.093 0 0.265 8 0.344 6 143.03
C4-H4C---N2¥ 0.096 1 0.260 2 0.348 1 152.22
1
C15-H15---N6 0.093 0 0.258 0 0.345 0 155.76
€32-H32---N§ 0.093 0 02595 0.347 3 157.63
C44(iv)-H44"--01 0.093 1 0.254 4 0.342 0 156.96
CA9(ii)-H49"---N2 0.093 0 0.251 1 0.341 0 162.59
C61-H61---03 0.092 9 0.250 5 0.338 8 158.86
C66-H66'- N4 0.093 0 0.250 7 0.340 7 162.95
C317-H31"---02 0.092 9 0.270 0 0.347 7 141.69
C10-H10---05 0.093 0 0.262 3 0.348 3 154.06
Cl14-H14---04" 0.093 0 0271 1 0349 5 142.52
C27-H27---07" 0.093 1 0.262 3 3.488 0 154.85
2
C10-H10---01' 0.093 1 0.258 0 0.345 3 156.22
CI5'-HI5"--N2 0.093 0 0.255 4 0.344 4 160.25

Symmetry codes: ™ —x, 1+y, 0.5—z; * x=0.5, 0.5-y, z=0.5 for L; ' 0.5 —x, 1.5-y, z; " x, 14y, 23 " x, 24y, 23 * =14x, vy, z for 1;
Yx, 1=y, 0.5+z; " &, 2—y, =0.5+z for 2.

B G901 B A AAREE D3R 1, F 0 sk B AR 4
TR AR S2, B 4 B 1 LA 254
— Ao g REE R TS 2 ANEUE L TR AERD
B, U L B2 2540, e AR SR ke B A A B
C=N WEE Y N RT3 i mihr, B4 2 4
BC AR PR 1 9 BT A3 S5 T2 B 1) e /s — 3 1T [R) B E5 43
A4 0.010 97 1 0.010 89 nm, BECAK S+ I W K
77.1° AEE T E BT KB A 1
IR BE 57 A/ B By 2 4~ 7S 98 36, Col01C1C7C8N1
Ml Col03C18C24C25N3, i ffi Ky 77.7°, Hm 1 H
Hrf Co-0 # 4  0.191 0 nm, Co-N £ 1 k 0.201 8
nm, C=N PR H 0.131 0 nm, A FF T C=N W
SERYREED, nE S R EERCG W 1 AT
J A HES B AR B TL T 58 4 AT, 3 T R) Y
Je AR 0.8°, BLMREELE A PR (C1~CT7)5 BC ¥
(MEMRIR CO~C12/N2/C13~C17)Z A58 ZU Y 77+ HE
FUVE FH (CgA-CgBC 0.370 7 nm), % L — RAKGE#4 |
TR ARG K SCIE A A [ 0 HEFRAE | AR 25 R AS W AE
(&l 6),

K2XOTERAEY 177 AA7En) S i B4 BeAW 1 MmN R A
KBS, X s HLAY B0 AH BRI 4 1 ) SR Fig4 Coordination structure of complex 1
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Symmetry codes: ' 0.5-x, 1.5-y, z
K5 BAEY1WTTaE

Fig.5 Molecular structure of complex 1

Kl 6 BLEY 1005 & HEFE H (edge-to-face and face-

to-face mode)

Fig.6  Aromatic stacking of complex 1 (edge-to-face and

face-to-face mode)

S FHREE T KA 1 4140 = 4 M i%
4hitly,
223 4-HEFIKEESR 6- 2 S ek G FE(2) 1Y
ApL N

BC& W 2 W A AR 9 TR S2, Hoor 14
FanE 7 Fios, nTLLE LS S ECE Y 1 AL,
EMAFHER, AWM C1-07 8K R 0.130 6
nm, ELECAR TS C-0 84 0.134 3 nm 4, 7EIEH 1)
e 4 BB Y FEL Y5 A B Zn (1)-0 (1)-C (1) 19 5 #A
124.53°, Zn-0 WK N 0.192 0 nm, Zn-N BB

0.200 8 nm, FC& 4 2 v FCAK[A] o A7 7E Z2 Fhom 20
75 A HERUE (] 8) . 5 —Fh N C-H---r HEFRTT 5,
Wt H4 5 X5 R ECAR Y A FR(C1~C3/C5~CT) & A AE
&R TR A BRI R 0.260 8 nm, 5 —
Rl e MERUERT, 20 AHSB 7 F 09 A R 5
BC ¥ (MEMKER C9~C12/N2/C13~C17)(docs=0.370 2
nm), PAJ& A FFRFI B I (C9~C12/C16~C17) [AIAE A%
(dearc=0.367 3 nm), WA TERC G W) 2 54 i A
TE 2 Fp oy 7R A8k C(10)-H(10)---O(1) A1 C(15)-H
(15)---N(2), i X Se A BAE R A& 2 1)
S YRR 9),

Be 54 3 A R AT B di AR 45 1 g i 25 21 (A
HAT AN S B EIESE 3 N5 1.2 B 7 =CAHALL

He Hs  mac
Bl 7 WA 2 WS E

Fig.7 Coordination structure of complex 2

B8 HLa 2 05 A AR AE T

Fig.8 Aromatic stacking of complex 2

X"
Ko MEY 285 THEM
Fig.9 Packing diagram of complex 2
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RV S JLART g 78 38 54 A8 T DU A4 | PR G AR 1 3R AR
HEAA B S C=N BT Y N R 5 4 )8 B i
e ML,
23 HEWL.23MNMEEESH

LAY L2 % 376 HE T X 4 FfF
BRI AT ) A SE IR S5 SR 3R 3 s, H R 3 AL
(1) L.1.2 70 3 X 885 T MG o . S R R JE 1A
SR TR S i K R e TR AR B T AR
LA RT3 A R R B A (2) BCAR L AR
LR X D S B TR e e A 1 4 T A
LT 3R G, M B T (200 pg-mL™), L XFiX
PAFP BT B P06 RT 38 100% 5 (3) BL A9 1 4 F i
TG I AW B ROR S 1 | 78 B8 i Vi B T 910 5 Pl e
K, MHIZAE 100% ;(4) FLAY 2 X A E T
o PRI S SR A TR | A AT K B TR TR ORI (H

X R S TR I A0 AR T 200 TSR 1L B At
Bl &9, e R 200 g - mL B2 X6 35 Fft B 11 1)
il 20T 35 93.8%;(5) ML Z FECG 0 3 B4 1A I 1
FEI— P, 5 R A2 VR B A 5 I OO 4 R
PP | 3 50T B 4 ST s T 40 ) e T R

e A 5 4 e A )5, FL - F AR 1) A s
FIRHES + 35 T P s M R T B
S, NG 5 T A6 G W IR AR T, SE IR R Y
Co.Zn Cu & ¥ &8 IN B AR T F i o R, B
A — A I R R T
R EAE T L3 RHECAR BT & i 4 SR L& 9 Co 1Y
B 45 40 B A0 TR VE TR0 X P R S B T R AR B AR
ViR A G, Bk ABIAE R 5 5 A5 6 it
WA B 55 e i T 2 B Rl Il 2 R 2R
TG B, AT X L T A 38— i 4 k7 1

#3 UEYL..2W3NIEFEERE
Table 3 Antimicrobial activity of compounds L, 1, 2 and 3

Concentration /

Inhibition ratio / %

Compound
(ng-mL™) Fusaritum solani Colletotrichum gloeosporioides Cytospora sp. Botrytis cinerea
L 12.5 80.6+2.3 69.1+2.7 90.3x1.9 76.2+2.8
25 85.7£1.7 71.9+2.3 90.3+2.1 81.0+2.3
50 90.3+1.8 78.1£1.3 90.3+2.3 83.3x1.9
100 98.4+2.1 80.1x1.5 93.5+1.8 85.7+2.0
200 100.0+1.6 84.4x1.7 100.0+1.2 90.5+1.8
1 12.5 64.5+2.4 64.8+2.6 64.5+2.7 71.9+1.6
25 67.8+2.1 68.8+3.0 74.5£1.9 77.6+2.0
50 71.0+2.2 71.90+2.5 81.5+1.9 87.6+1.9
100 71.0+1.6 75.0+2.4 87.8+1.7 94.6+16
200 77.4+1.7 81.7+2.1 92.6+1.5 100.0+1.3
2 12.5 66.1+2.4 67.2+2.0 61.3+2.3 42.9+1.6
25 67.8+2.7 73.8+3.0 67.5+1.8 48.9+2.1
50 74.2+2.9 79.4£2.0 74.2+2.1 56.6+2.9
100 80.7+1.9 87.7+2.7 80.6+2.0 61.9+2.6
200 83.9x1.5 93.8+1.9 83.9+2.1 76.2£1.7
3 12.5 79.12.9 73.4£3.0 80.6+2.8 75.7£2.4
25 83.4+£2.4 76.3+2.6 83.9+2.3 80.0+2.5
50 87.2x1.6 81.4+2.9 85.1x1.4 81.00x1.5
100 90.3+1.3 86.5+1.8 87.1x1.5 84.20+1.8
200 92.3x1.5 87.5+1.5 90.3+1.6 86.70+1.9
3 & ® B IEHEAT T MR SRR PR S

R BUAR 5 RORL A T 4-HY SR K A B A -6-
LW AT KB, ARSI S EITER CollD)
Zn(IDA CulMEATECAL , #4420 T 3 b v o A 5% sl i

ZRACE W HA B B B M AR BEAE 200
g mL IE Xk B 4 B R TSR e e
BAVE FH A0 2R 0138 100% , MR E F R4 1
XoF 6 3 K 2 T A0 BRSO A ) R A TS 3R 100% , 3%
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Supporting information is available at http://www.wjhxxb.cn
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