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Synthesis, Characterization, Fluorescence Properties and Herbicidal Activity of
Bis(Substituted Salicylaldehyde) Carbohydrazide and Its Benzyltin Complexes
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(Key Laboratory of Functional Metal-Organic Compounds of Hunan Province, Key Laboratory of Functional
Organometallic Materials of Hengyang Normal University, College of Hunan Province,
College of Chemistry and Material Science, Hengyang Normal University, Hengyang, Hunan 421008, China)

Abstract: The 1,5-disubstituted carbohydrazide and thiocarbohydrazide ligands were prepared by condensation of
carbohydrazide, thiocarbohydrazide with 5-methylsalicylaldehyde, 4-diethylaminosalicylaldehyde, respectively.
Their benzyltin complexes, T1~T4 were obtained by microwave-assisted solvothermal reaction of dibenzyltind-
ichloride precursor with the ligands in methanol environments. However, the structure of T4 is different from
those of T1~T3, which is a benzyltin complex bridged by N,N'-bis(4-diethylaminosalicylaldehyde) azine and
methoxy group. Also, T4 can be synthesized by the “one pot” method of carbohydrazide, 4-diethylaminosalicylal-
dehyde and dibenzyltindichloride. Their structures are characterized by elemental analysis, IR, 'H/”C NMR
spectra, and the molecular structure of complex T4 was confirmed by X-ray diffraction. The crystal of T4 belongs
to monoclinic system, space group P2/c. The Sn atom is six-coordinated with distorted octahedral geometry
formed by O, N atoms from the carbohydrazide ligand, C atom of butyl and two Cl atoms. The complex T4 has

strong fluorescence emission in DMF and mixed solvents of DMF-water. When the volume fraction of water is 0~
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30% (V1V), the aggregation fluorescence enhancement effect is good, and fluorescence quenching occurs when the

water content is more than 30% (V/V). The complexes have good growth inhibition on Portulaca oleracea L., and

T1 and T3 have selective growth inhibition on Cassia tora L., T2 on Amaranthus tricolor L., T4 on Brassica

campestris L. ssp. chinensis var. utilis Tsen et Lee. They can be used as candidate herbicides for further study.

CCDC: 1545218, T4.

Keywords: bis(substituted salicylaldehyde) carbohydrazide; benzyltin complex; fluorescence propertie; herbicidal activity
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Scheme 1 Synthetic route of the ligands and their complexes
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i SCHRUY A 161
1.2 BRE L2 L3S

S SCERWE T 40 mmol (5.446 g) 5-
H LK %8 20 mmol  (2.123 o) BiAt < & ksk 20
mmol (1.802 g) K ELF, A & A 30 mL & B — VK iy
FR(V 2otV okmm=7:3)/0 100 mL S S 4k R 6
h 5 RSV BERG 28 RV 4G a3 A R =4
XL (5-F 35 7K A ) 4 A A L2 R (L2) DXL (5-HY K
W) 4 R ELBRL3)

L2 HEHK 5573 ¢, 7" % 81.4% ., m.p. 142~
143 °C, 'H NMR(DMSO0-d,, 500 MHz):8 12.19(s,1H,-
OH),12.14 (s,1H,-OH),11.73 (s, 1H,-NH-), 10.42 (s,
1H,-NH-),8.74 (s,1H,-CH =N),8.25 (s, 1H,-CH =N),
7.70(s,2H, Ar-H),7.41(s,2H, Ar-H) , 6.89(s,2H,Ar-H),,
2.50~2.25(s,6H,-CH;), IR(KBr,cm™):3 134(s,von),
3 003(m,vam),1 622(s,ven),1 595,1 562,1 555(s,ve),
1 273(s,,¥cs) , 818(s , Vanen) s JE R 27 BT 4% C,HgNLO,S 1t
A (%):C,59.63;H,5.30;N,16.36, SELM{E(%):C,
59.65;H,5.31;N,16.35,

L3 FH @K 4508 ¢,/ % 69.1% ., m.p. 148~
149 °C, 'H NMR(DMS0-d,, 500 MHz):8 12.10(s, 1H,-
OH),11.91 (s,1H,-OH), 11.66 (s, 1H,-NH-),10.00 (s,
1H,-NH-),8.09(s,2H,-CH=N),7.41(s,2H, Ar-H) , 7.29
(s,2H,Ar-H),6.92(s,2H, Ar-H),2.50(s,6H,-CH), IR
(KBr,em™):3 254(s,vo1),3 032(m,va),1 653(s,vc0),
1 624(s,ve), 1 541,1 525,1 429(s,vc0),826(s , Usarr) o
JCER 4% CpHgN,O5 5B (%) : C,62.57 ;H,5.56;
N,17.17, SEW{H(%):C,62.56;H,5.64;N,17.15,
1.3 EBE&EWHEK

B 1 mmol FCAE 2 mmol N3 &L A 15
ml, JC7K B T 0B S R 0 R A s 4 34 5
BG83 RN, BT 10 T A B 48 v 3B A
800 W Hij#% R 120 °C, I 2 h, R M 455, A
SRS ENZ AL WO L, 9 i e 7 R B 25 40
VST, 08 /o R G A A A

T1. & A 51K 0.630g, 77 % 66.8% , m.p. 164~
165 °C, 'H NMR(CDCl;,500 MHz):6 8.34(s, 1H,-CH=
N),7.89(s,1H,-CH=N),5.97~7.29(m, 16H, Ar-H), 3.32
~3.38 (s,8H,-NCH,),2.92 (s,2H,-PhCH,),2.89 (s,

2H,-PhCH,-),1.19(s,J=7.0 Hz,12H,-CH;);"*C NMR
(CDCl;,125 MHz):8 168.71(C=S),154.63,154.23(-C=N),
101.74~139.05, (Ar-C),52.44,50.90 (-PhCH,-),44.69
34.94(-CH,-), 12.87,12.74(-CH;), IR(KBr,cm™):2 969
(m,va), 1 611(s,ve),1 572 (s,vew),579(s , Vo) , 532
(s, V) ,481(s , vs,8) , 446(s , vs,0) o TC R M HTHE CH L0,
NoCLSSn, T 16 (%) . C,47.12;H,4.49;N,8.91, il
{E(%):C,47.13;H,4.48;N,8.92,

T2. 1 4 81K 0.645 ¢, 77 % 77.8%, m.p. 164~
165 °C, 'H NMR(CDCl;,500 MHz):6 8.59(s, 1H,-CH=
N),7.89(s,1H,-CH=N), 6.70~7.33(m,16H,Ar-H),2.81
(s,4H,-PhCH,-),1.11(s,J=7.0 Hz,6H,-CH;). "C NMR
(CDCl,,125 MHz):6 168.71(C=S),154.62,154.22(-C=N),
101.73~139.04, (Ar-C),52.42,50.89 (-PhCH,-), 12.87,
12.85,12.73 (-CH3), IR(KBr,em™):3 032 (m,vyy),
1 624(s,vc), 1 611(s,vc),565 (s, vs0), 496 (s, vsnn)
440(s , vs,s) , 415(s , vsu0) o TR S HTHE C5Ho50,N,C1,SSn,
THHAE(%) . C,44.92;H,3.40;N,6.76,, LMIE(%):C,
44.93;H,3.42;N,6.77,

T3. B (AR 1K 0.543 ¢, 7" % 66.8% ., m.p. 167~
168 °C,'H NMR(CDCly,500 MHz):6 7.89(s,2H ,-CH=
N),5.97~7.29(m,16H, Ar-H),2.89(s,2H ,-PhCH,-), 2.87
(s,2H,-PhCH,-), 1.18(s,J=7.0 Hz,6H,-CH;); *C NMR
(CDCly, 125 MHz):6 179.81(C=0),154.62,154.22(-C=
N),101.73 ~139.04, (Ar-C),55.57,50.59 (-PhCH,-),12.86,
12.73(-CH;),, IR(KBr,em™):3 032(m,vy.4),1 624(s,ve),
1 572(s ,vew) , 556(s , Vsro) ,486(s , vsun) , 461 (s, vsu0) s TC
FE T CyHys0:N,CLSn, T3 (%):C,45.80;H,
3.47;N,6.89, LM{E(%).C,45.81;H,3.48;N,6.90,

T4 L EAEA 0.792 ¢, 77 % 84.8%, m.p. 156~
157 °C,'H NMR(CDCl;,500 MHz):6 8.59(s, 1H,-CH=
N),7.89(s, 1H,-CH=N),5.97~7.29(m, 16H, Ar-H), 3.46
(s,6H,-0CH;),3.32~3.38 (s,8H,-NCH,-),2.89 (s,2H,
-PhCH,),1.19(s,J=7.0 Hz,12H,-CH);*C NMR(CDCl,,125
MHz):8 154.63,154.23(-C=N), 101.74~139.05 , (Ar-C),
52.42,50.89(-PhCH,-),44.68 ,34.93(-CH,), 12.85,12.73
(-CH3)., IR(KBr,em™):2 969 (m,vy4),1 641(s,vc),
579 (s, Vo) , 480 (s, V) , 446 (s, V.00 T 3= 57 BT #%
CasHisON,CLSn, 115 (%).C,48.91;H,5.18;N,6.00,
SEMAE (%) . C,48.91;H,5.20;N,6.00,, 7£ H B W
55 % A T a5 R I
14 —WmERNEGHREEY T4

B 2 mmol (0.387 g) 4-—- & HKBEE 1 mmol
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Scheme 2 Keto-enol interconversion of 1,5-disubstituted carbohydrazide
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Table 1 Crystallographic data of complex T4

Empirical formula C3sH4sCLN,O,Sn, Absorption coefficient / mm™ 1.391
Formula weight 933.08 F(000) 1 880
Temperature / K 296(2) 0 range / (°) 1.550~25.098
Crystal system Monoclinic Limiting indices (h, &, [) -12~16, -20~20, -20~21
Space group P2/c Reflection collected 20 680
a/ nm 1.353 60(6) Unique reflection (R;,) 7 285 (0.018 2)
b/ nm 1.741 72(8) Completeness to 6 / % 99.7
¢/ nm 1.791 42(8) Data, restraint, parameter 7 285, 5, 459
B/ 103.994 0(10) Goodness-of-fit on F 1.000
Volume / nm* 4.098 1(3) R\, wR; [I>20(1)] R=0.025 6, wR,=0.067 4
Z 4 R, wR; (all data) R=0.034 3, wR»=0.071 9
D,/ (Mg-m™) 1.512 Largest diff. peak and hole / (e-nm™) 932 and -460
F2 BEYTINMBIEKMER
Table 2 Selected bond lengths (nm) and angles (°) for complex T4
O(1)-Sn(1) 0.204 3(2) C(15)-Sn(1) 0.215 6(3) Cl(2)-Sn(2) 0.245 02(8)
0(3)-Sn(1) 0.215 43(18) 0(2)-Sn(2) 0.205 23(18) C(22)-Sn(2) 0.214 7(3)
0(4)-Sn(1) 0.212 53(18) 0(3)-Sn(2) 0.210 09(17) N(1)-N(2) 0.141 6(3)
N(1)-Sn(1) 0.223 0(2) 0(4)-Sn(2) 0.214 23(18) Sn(1)-+-Sn(2) 0.334 5
Cl(1)-Sn(1) 0.241 44(9) N(2)-Sn(2) 0.221 6(2) 0(3)---0(4) 0.250 5
0(1)-Sn(1)-0(3) 95.22(8) 0(4)-Sn(1)-C(15) 96.52(11) 0(3)-Sn(2)-Cl(2) 93.85(6)
0(1)-Sn(1)-0(4) 161.37(8) N(1)-Sn(1)-CI(1) 89.06(6) 0(3)-Sn(2)-C(22) 100.81(10)
O(1)-Sn(1)-N(1) 81.56(8) C(15)-Sn(1)-N(1) 169.90(12) 0(4)-Sn(2)-N(2) 75.82(7)
0O(1)-Sn(1)-CI(1) 93.64(6) C(15)-Sn(1)-Cl(1) 101.04(11) 0(4)-Sn(2)-C1(2) 159.15(5)
0O(1)-Sn(1)-C(15) 97.59(12) 0(2)-Sn(2)-0(3) 164.86(8) 0(4)-Sn(2)-C(22) 96.96(10)
0(4)-Sn(1)-0(3) 71.66(7) 0(2)-Sn(2)-0(4) 96.18(8) N(2)-Sn(2)-Cl(2) 87.54(6)
0(3)-Sn(1)-N(1) 76.02(8) 0(2)-Sn(2)-N(2) 83.25(8) C(22)-Sn(2)-N(2) 169.59(10)
0(3)-Sn(1)-CI(1) 161.30(5) 0(2)-Sn(2)-Cl1(2) 94.19(6) C(22)-Sn(2)-C1(2) 101.05(9)
0(3)-Sn(1)-C(15) 94.07(12) 0(2)-Sn(2)-C(22) 90.21(10) Sn(2)-0(3)-Sn(1) 103.62(8)
0(4)-Sn(1)-N(1) 82.40(7) 0(3)-Sn(2)-0(4) 72.36(7) Sn(1)-0(4)-Sn(2) 103.21(8)
0(4)-Sn(1)-CI(1) 95.53(6) 0(3)-Sn(2)-N(2) 84.31(8)
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Molecular structure of complex T4 with 35%

probability ellipsoids
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Inset: plot of maximum fluorescence intensity of T4 in DMF-H,0 mixtures with different volume fractions of water
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Fig.2 Fluorescence spectra of T4 in DMF-H,0 with different volume fractions of water
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Fig.4 Herbicidal activity of the ligands and their complexes
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