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Syntheses, Structures, Spectroscopic Properties and Herbicidal Activity of
1-(2-Hydroxybenzylidene)-5-(4-hydroxy-3-methoxybenzylidene)
Carbohydrazide Butyltin Complexes
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(Key Laboratory of Functional Metal-Organic Compounds of Hunan Province, Key Laboratory of Functional
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Abstract: The 1,5-asymmetric disubstituted carbohydrazide ligands were prepared by condensation of carbohy-
drazide with salicylaldehyde and then with vanillin. The butyltin complex B1 based on the 1,5-disubstituted
carbohydrazide and the complex B2 containing salicylaldehyde azine were obtained by solvothermal reaction of n-
BuSnCl; with the ligand in methanol environments, which have been structurally characterized by elemental
analysis, IR and 'H, ®C, "Sn NMR spectra. The crystal of complex B1 belongs to monoclinic system, space group
P2,/n, and the crystal of complex B2 belongs to triclinic system, space group P1. The Sn atom is six-coordinated
with distorted octahedral geometry by O, N atoms from ligand, C atom of butyl and two Cl atoms. The complex
B1 had good fluorescence properties in the DMF-H,0O solvents, and the water content in the 0~10%(V/V) range
had aggregation induced emission enhancement (AIE). When the water content was more than 10% , the

fluorescence intensity decreased with the increase of water volume fraction, and finally was quenched. The ligand
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and its butyltin complex B1 have the effect of growth on the target plants, such as Portulaca oleracea L.,
Amaranthus spinosus L., Cassia tora L., Brassica campestris L. ssp. chinensis var. utilis Tsen et Lee and
Amaranthus tricolor L. The ligand has a good inhibitory effect on the growth of Portulaca oleracea L. and
Amaranthus spinosus L., and the complex has selective inhibition on the growth of Cassia tora L., which can be

used as a candidate compound for Cassia tora L. herbicide. CCDC: 1511212, B1; 1845664, B2.
Keywords: asymmetrical 1,5-disubstituted carbohydrazide; butyltin complex; crystal structure; fluorescence property; herbicidal activity
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Scheme 1 Synthetic route of the ligand and complexes

/3 ), PE-2400(IDJT % 43 B (3£ E PE A ); B
SMART APEX II CCD X 5 £k 51 5 i1 5 (72 ¥ Bruker

ruker

1 SEWHES

1.1 EFFIKH

ETHOSA B & 73 [ 45 %% PR T it 7 B v 42
(B AU IR A 2 B A B A ) 5 X4 B0 ARtk
O R (AL 2R LA ER AT PR 7)) ; MGC-HP %
REAY N TR (1 — R # A3 BRA A,
Bruker Avance 500 & @3 RAXL (Fii 1 Bruker 24 ],
"H Fl BC NMR % % 3 4 35 U 2 I T™MS 7F 9 4%
Sp NMR & H] Me,Sn W A% ,CDCl; A % 5 );IR
Prestige-21 37 M 2LAMEIEAL(H A B HA W] L4 000
~400 em™,KBr J& F7); F-7000 5% G54 (H A< &

A

IET =58 rira, ke kg &
B S8 R Al A Al R 22 AR R i
IR IBE o e 222
1.2 1-(K5E)-5-(FEEB) A X FRE + B B i

1 9)]:0)=95

225 SCHKOG BT ¥ B 20 mmol R EL U fif
£ 100 mL 7K, 2 AR FE T 20 mmol KB
I KAG B I Ak B2 P 12 W B b A g B oK
VRV 2 vk WUE R LA T A Q- AR



TV 25 1K )-S5 ) 45 LI T A6 4 4

% 10 9

PO A 2 T I e 0 1859

L) PRI R T, e SURIZL A EE 5 S
RO, B T RAR L) R AL

K LA A 00 1-(2-F2 R W7 FH 3y s LA R 1
JBF .20 mmol & FLEE , A& A 50 mL IR A B
(Vo Vime=T3) B RN T 120 °CHY 0 4l $F
IV 5 h, B0 45 SR, 8 20, U He e 5% 78 J 3 R
YRR SRIG APV K 915 3 B R, T4 5
JH EtOH-DMF-H,0 YRG5 ¥ I H 45 fh A3 IR (L), A
R 4.831 g, 7% 73.6% ;m.p. 192~193 °C;IR
(KBr,em™):3 169(s,v0n),2 978(s,ven), 1 670(s,vc),
1 560(s,vcy), 1 5601 494 1 460 #1 1 400(s v, &
I C-CHHIRDN),1 041 (s, vy, A FHE N C-HZ
ML 3h), 1 281(s,veo), 578(s ,Saar, A F-1H LT C-H
B B TTE BT CioH N0, T RAE (L D)/ % .
C 58.53(58.51),H 4.91(4.91),N 17.06(17.07),,
1.3 1-OKiGE)-5-(BER)HEFEMTESEREY

B)HI & R

T B S L, I 1 mmol BEAA(L) .2 mmol
IET =B 15 mL FEE, BEFER VYR A
A7 AT I8 e | B D)3 800 W, S v ik B
120 °C, LI HR H NI R 2 h, R W45 H 5 B R %
WEEWR, BRI 28 K BR 25 RER TR, ik,
FH /i F RS EE 45 A9 8 0 IR (B) 0.467 g, )7 R
78.9% (3 F L #1155 );mp. 144~145 °C;'H NMR
(CDCl;,500 MHz):8 11.41 (s,3H,0H,H,0),8.75 s,
2H,-CH=N),7.00~7.42 (m,7H,Ar-H),4.14~4.15(m,
2H,C =N-N-H),3.51 (s,3H,0CH;),0.02 (s,3H,CH,),
1.27~1.61(m,6H,SnCH,CH,CH,); "CNMR (CDCl;, 125
MHz):8 166.98(C=0),164.71,162.74(-C=N),159.79,
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Scheme 2 Keto-enol interconversion of 1,5-disubstituted carbohydrazide

Symmetry codes of B2: '1-x, -y, 1-z
1 MR 30% M BL & W5 1 F5 k)
Fig.1  Molecular structure of the complexes with 30% probability ellipsoids
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Table 1 Crystallographic data of the complexes

Complex B1 B2
Empirical formula CayHCLN,OsSn CxsH3CLNsOgSn
Formula weight 592.04 726.19
Temperature / K 296(2) 293(2)
Crystal system Monoclinic Triclinic
Space group P2i/n Pl
a/nm 0.749 93(4) 0.985 87(5)
b/ nm 2.375 11(11) 1.170 21(6)
¢/ nm 1.390 69(7) 1.374 51(7)
al (%) 87.402 0(10)
B1(° 93.575 0(10) 86.893 0(10)
v/ (°) 85.488 0(10)
Volume / nm? 2472 2(2) 1.577 16(14)
A 4 2
D./ (Mg-m™) 1.591 1.529
Absorption coefficient / mm™ 1.287 1.027
F(000) 1192 738
Crystal size / mm 0.15x0.13x0.12 0.21x0.20x0.20
0 range / (°) 1.70 ~27.55 2.339~25.099
Limiting indices (h, k, [) -9~9, =30 ~23, -17~15 -11~11, -13~13, -16~16
Reflection collected 14 981 16 168
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Unique reflection (R;,) 5658 (0.021 4) 5591 (0.014 9)
Completeness to 6 / % 99.2 99.7
Data, restraint, parameter 5 658, 0, 289 5591, 0, 385
Goodness-of-fit on F 1.041 1.051
Ry, wR, [I>20(1)) R=0.025 4, wR,=0.056 4 R=0.018 5, wR,=0.046 6
Ri, wR, (all data) R=0.036 2, wR,=0.060 6 R=0.020 1, wR,=0.047 4
Largest diff. peak and hole / (e-nm™) 367 and -252 280 and -433
R2 HLEYHESIBKIER
Table 2 Selected bond lengths (nm) and angles (°) for the complexes
B1 B2 B1 B2
Sn(1)-0(1) 0.202 03(15) 0.202 03(12) N(3)-C(8) 0.132 2(3) 0.132 6(2)
Sn(1)-0(2) 0.214 83(15) 0.217 51(11) N(2)-C(1) 0.129 1(3) 0.128 8(2)
Sn(1)-Cl(1) 0.246 53(6) 0.245 26(5) N(4)-C(9) 0.126 7(3) 0.127 4(2)
Sn(1)-Cl(2) 0.255 50(6) 0.250 40(5) C(1)-C(2) 0.143 7(3) 0.143 5(2)
Sn(1)-N(2) 0.221 78(16) 0.222 48(13) C(9)-C(10) 0.145 7(3) 0.145 2(2)
Sn(1)-C(16) 0.212 2(2) 0.213 28(17) 0(1)-C(3) 0.133 1(3) 0.133 1(2)
N(1)-N(2) 0.137 7(2) 0.137 61(19) 0(4)-C(13) 0.136 7(3) 0.135 8(2)
N(3)-N(4) 0.138 5(2) 0.139 00(19) 0(2)-C(8) 0.125 6(2) 0.125 9(2)
N(1)-C(8) 0.134 9(3) 0.134 8(2) 0(3)-C(12) 0.136 3(3) 0.136 4(2)
0(1)-Sn(1)-0(2) 157.62(6) 157.70(5) 0(2)-Sn(1)-C(16) 101.05(8) 97.00(6)
0O(1)-Sn(1)-CI(1) 92.48(5) 90.58(4) CI(1)-Sn(1)-C1(2) 163.89(2) 165.635(17)
O(1)-Sn(1)-Cl(2) 92.43(5) 88.52(4) N(2)-Sn(1)-CI(1) 85.26(5) 83.08(4)
O(1)-Sn(1)-N(2) 84.25(6) 85.29(5) C(16)-Sn(1)-Cl(1) 99.80(7) 98.81(6)
0(1)-Sn(1)-C(16) 101.22(8) 105.17(6) N(2)-Sn(1)-Cl(2) 79.99(5) 82.56(4)
0(2)-Sn(1)-CI(1) 85.85(5) 88.39(4) C(16)-Sn(1)-Cl(2) 94.27(7) 95.26(6)
0(2)-Sn(1)-Cl(2) 83.79(5) 87.04(4) C(16)-Sn(1)-N(2) 172.30(8) 169.31(6)
0(2)-Sn(1)-N(2) 73.37(6) 72.47(4)
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HRA 1 DK TS 54550, R A 7E 2 b
C(O.N)-H:--O(Cl) (Symmetry codes:' x,y,z;" 1 +x,
—1+y,z;“i2—x,2—y,—z;i"x,—1+y,z)l§l/‘J§J§J{/|5ﬁH . 45 i
KA FIEL(H(SA) - C1(2) 0.274 2 nm, £ O(5)-H(5A)
-++Cl(2)=167.77° ;H(5B)-+-0(3)) 0.239 3 nm, 2 0(5)-
H(5B)---0(3)=162.19°); H1 N-H ##JE B (H(1)--- C1(17)
0.263 3 nm, ZN(1)=H(1)--- CI(17)=151.64° ;H(3) ---
0(5% 0.192 0 nm, ZN(3)-H(3)---0(5")=168.25°) ; Hi
C—H S BL(H(1A)---C1(1%) 0.284 5 nm, £ C(1)-H(1A)
-+ C1(1%=147.63° ;H(7)--- C1(2") 0.286 0 nm, 2 C(7)-
H(7)--- C1(2")=147.89° ; H(20C)--- C1(1) 0.288 2 nm,

£/ C(20)-H(20C)--- C1(1%=167.65°); 1 O-H # ¥ 1k
(H(4)-~Cl(2") 0.235 5 nm, £0(4)-H ) Cl(2") =
155.42°), XL GGV AR AR o35 1] 3% 1l = 4kl
A?%*ﬁo

TESEI 55N 1-(K A 8- 5-(F H0 18 ) 4 s L
P RE A AR I 5 S vy L T A ke 7 R
—DXFREY N, N -BUK A B 4 i /M {2 NN 30K
W 4 % AR 5 B BCAL  TE SR N, N -BUK A7 T8
53R C(22)-H(22)F1 C1(1)JE B A H#E(H(22)--- CI(1)
0.289 7 nm, £ C(22)-H(22)---Cl(1)=158.06°), L T*
£ Bl FL A0 AR PG 1A NN -XUK A5 B 45 %
AT AHES T = HERBIER B2 A,
Fb# B1 A B2 1 1-(K A I)-5-(Fr B 1) 4 R L HF T
BT A8 SR R B R R AR TR AR 2
L) 5 P BB C L ST A B A A AR AR e, TR 2
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Fig.2  Fluorescence spectra of B1 in DMF-H,0 mixtures

with different volume fractions of water
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Target plant: Portulaca oleracea L., Amaranthus spinosus L.,
Cassia tora L., Brassica campestris L. ssp. chinensis var. utilis
Tsen et Lee and Amaranthus tricolor L.; Effects of ligand on
plants: (1)~(10), effects of complex on plants: (11)~(20); where
odd number represents root (R), and even number represents

stalk (S)
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Fig.3 Herbicidal activity of the ligand and complex B1
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