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Abstract: The dibutyltin(IV) binuclear complexes [(Bu,Sn),L]-MeOH have been synthesized by the microwave
methanol solvothermal reactions of n-Bu,SnO and bis(3,5-di-t-butylsalicylaldehyde) carbohydrazide (H,L') or
hiocarbohydrazide (H,L?). The structures were characterized by elemental analysis, IR, '"H NMR, “C NMR and X-
ray crystal diffraction. The crystal structure shows that the complexes 1 and 2 have a similar structure. The Snl
are rendered five-coordination in a distorted trigonal bipyramidal structure. The Sn2 are rendered six-coordination
in a distorted tetragonal-octahedral geometry. In addition, hydrogen bonding (O—-H---N) intermolecular interactions
link these molecules into one-dimensional chain in the complexes. And two complexes exhibit herbicidal activity

for Portulaca oleracea, Amaranthus spinosus and Semen cassiae. CCDC: 1518933, 1; 1518934, 2.
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Pie (VLB A M AR 8 DNA 5 HLB B VE RO K A
BB 0 A5 3 v A 25 i o SR A6 A 2R B B, A oE R
W, A LS Y A 00 v 5 b0 B AR E R R R 1 45
FIECAR G R G R B FRGRAR & Bk A7 A9
BABR A AP TEES B A B2h ) i 2 v (]
RO 2 —F s O N S 1 R PR AR i S
HA A G R 1, 5-ZWUR R o B A7 2 Al
7 2 AT 55 A LB E AL, 2H 26 i Sn-O(N, S) 5 1 A AL
BICAALCR) B, B IR A ML & P 1Y
B Sk S PERe A E B L A SCRIR(3,5-
BT He K ) 45 R BB (HLLY XL (3, 5- U T Bk K
P T ) 4 A R Lk (FLL2) g C A | 7 B0 7 77 4 5F
BeR s T B E AR BN, A 2 A T
BA,5s- W) REMR -GS , ML MR TEREY
XF D H 1A O ke W] A5 R B DL R R AR W I LS
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1 SELEHERSY

1.1 {UEEMIKF

XA £L 45 . PE-2400(NJC % 20 B4 (£ PE 24
A]);IR Prestige-21 57 FHFLLAMETEAL (H A B HEA
A) ,4 000~400 cm™ ,KBr F& /) ;Bruker Avance 500
G FEIRAL (B 1 Bruker 28 W), TMS 1E 4%, CDCl,
i 7Y ; Bruker SMART APEX I CCD X 4k 51 %
AT (FEE Bruker 23 7l); X-4 B H PR 53007 20
FE (At B AL AT BR A F]) ; MGC-HP & RE B A T
SR (L —TE R AR A PR A R ETHOS A Y
JE 7 B 8 AR T A (R A b 2 R A
B ),

TT AR (CP, e A SRR AL TR FRA D
R EPFCP, it 5 AR50 s B R ELE(CP, 2 i
A 2EA ) HA T R 2 o a4l
1.2 X(3,5-ZRT EKGE %+ BB HL)E S

R FEHMEL)RENE K

£ 100 mL B S, A 10 mmol B
(SRR AR ELE) 3,5- U T B K A% B 22 mmol \50
ml SB[ 5 b, R 50 BE s 28 R bR L 15 H

][/

[ 44, H DMF-EtOH-H,0 45 &4 453 H,L 24

HL': [ K 3.922 ¢, 7% 75.2 % ,m.p. 227~
229 °C, JLE 5 HT (C3HN,05) : BS H (SEME , %) : C
71.23(71.21),H 8.87(8.89),N 10.72(10.78), IR(KBr,
em™):3 342(b,vop),3 199(m,vap),2 960(s,v4y), 1 670
(s,veo), 1 610(v,vey), 1 392(m,vey). 'H NMR(DMSO-
ds,500 MHz):8 11.07(s,1H,-OH), 10.54(s, 1H,-OH),
8.39(s,1H,-CH=N),8.34(s,1H,-CH=N),7.92 (s, 1H,
Ar-H),7.28(s,1H, Ar-H),7.27(s, 1H,Ar-H), 7.12(s, 1H,
Ar-H),4.34(b,2H,-NH), 1.32~1.47(s,36H,-C(CH;),)

HoL2, k& A A 4381 g, 7% 81.6 % ,m.p.
188~189 °C, JCE 43 M7 (C3HuN,0,S) ; FHL i A (55 I
1H,%):C 69.11(69.12),H 8.61(8.59),N 10.40(10.42).
IR (KBr,em™):3 342(b,von),3 199 (m,vny),2 960(s,
Vi), 1 610(v,ve), 1 594(s,vc),1 392(m,ven). 'H
NMR (DMS0-d,, 500 MHz):8 11.07(s,1H,-OH), 10.54
(s,1H,-OH),8.39(s, 1H,-CH=N),8.34(s, 1H,-CH=N),
7.92 (s,1H,Ar-H),7.28 (s,1H,Ar-H),727 (s, 1H, Ar-
H),7.12(s,1H, Ar-H),4.33(b,2H,-NH), 1.32~1.47 (s,
36H,-C(CH3)y).
1.3 BEWHENK

B 1 mmol H,L'(E H,L?) .2 mmol T REMA
120 mL B A BN 2 T ETHOS A Y%
77 5% PR O T AR 120 CCJONE 2 h W A i
BV B 25 A R ORI A

BCE9 1,4 61K 0.806 g7 % 78.3 %,m.p.
158~159 °C, JCER 53T (CysHgN,O,Sny) ; BRI {E (5L I
{8 ,%):C 56.63(56.65),H 8.16(8.15),N 5.50(5.53)., IR
(KBr,em™):3 170(m, vxyy), 2 957(s , var) , 1 548(v,vey),
1 355(m,ven), 1 159(s,vc0),530(s, vsio) , 480(m , vs,y)
445(m ,vs.0) 'H NMR(CDCl;,500 MHz):8 8.36(s, 1H,
-CH=N),7.87(s,1H,-CH=N),7.40(d, J=2.5 Hz, 1H,Ar
-H),7.37 (d,J=2.5 Hz,1H,Ar-H),6.89 (d,/=2.5 Hz,
1H,Ar-H),6.76(d, J=2.5 Hz,1H,Ar-H),3.49(s,3H,CH;-
0-),1.47~1.71 (m,24H,-CH,),1.41 (s,9H,-C(CHz)y),
1.40 (s,9H,-C(CH5))),1.30 (s,9H,-C(CHs)s),1.29(s,
9H,-C(CHj);), “C NMR(CDCl,, 125 MHz):6 1 159(C-
0),162.24,162.22 (-C =N),157.59,148.67,140.18,139.38,
138.55,138.42,128.63,128.61,127.64,126.32,116.85,
116.16(Ar-C),50.82(0-CH>),35.24,35,18,33.98,33.97,
31.41,31.35,29.55,29.48-C (CH,),),27.35,26.81,26.65,
26.60,22.46,22.44(-CH,-), 13.63,13.55(-CH,).,

Be &1 2:85 8 851K 0.965 g, % 93.4%,m.p.
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172~173 C, JCER 73 HT(CysHuN,O5SSn,) - FLIE {H (55 I
{H,%):C 55.76(55.75),H 8.03(8.05),N 5.42(5.44), IR
(KBr,em™):3232(m, vay) , 2 987(s, vas) , 1 529(v,vey),
1 390(m,ven), 1 172(s,ves),520(s, vs0) , 482 (m, vs,y)
437(m,vs.0)» 'H NMR(CDCl;,500 MHz):8 8.46(s, 1H,
-CH=N),7.88(s,1H,-CH=N),7.42(d,J=2.5 Hz,1H, Ar-
H),7.40(d, J=2.5 Hz,1H,-Ar-H),6.91(d, J=2.5 Hz, 1H,
-Ar-H),6.77(d,J=2.5 Hz,1H,-Ar-H),3.49(s,3H, CH;-
0-),1.45~1.70(m,16H,-CH,-),1.41(s,9H ,-C(CH;);), 1.40
(s,9H,-C (CH3);),1.32~1.37 (m,8H,-CH,-), 1.30 (s, 9H,
-C (CH5)y),1.29 (s,9H,-C (CH3);),0.87 (t,J=5.0 Hz,6H,
-CH3),0.84 (t,J=5.0 Hz,6H,-CH;), “C NMR(CDCl,,
125 MHz):6 1 172(C-S), 163.37,163.14(-C=N),59.62,
152.17,140.37,139.76,138.78 ,138.73,129.98,128.87,
128.24,126.31,116.36,116.20(Ar-C),50.84(C-0),35.18,
33.98,31.33,31.32,29.50,29.47 (-C(CH),),27.52,27.22,
26.69,26.61, 26.24,25.34,23.14(-CH,-), 13.61,13.52
(-CHy),
1.4 BRIEEHHNE

53 532 BURSE 247 0.23 mmx0.21 mmx0.20 mm (1)
F10.23 mmx0.21 mmx0.20 mm () 44 , 7€ Bruker
SMART APEX II CCD fiifiH{ |, RI& A S=HA
B Mo Ka #146(1=0.071 073 nm), T* 296(2) K, LA
o~ R R B, 2B 4 1p KW+
M2 \ER W E |, SRS iR B
53 3B AJE T A bR 7E 22 {8 Fourier A 8 P Bl 22 0 2 |
H FEL VS0 &0 20 S0 T it B 9 7 A R X
AR R RUE 530 R A 1) [R] 1 R A ) R
ISHAT R /D ZIRIE B I A5 1 4 B
THE T AER A SHELXL-97 F2 /3 58 sy,

CCDC:1518933,1;1518934,2,
1.3 BREFERNNE

225 SCHER 7 3 LS O 00 i 08 pu LR |
i, 3 RN P B 7 A5 AR R B AR AR ), >R FH = P97 L )
JE TR B TE A 90 00 B B0 P BRI 50 mg 5 3
FE M 5 mL S N 2 % R-80 , 75 18 K #
B2 250 mL, Hil #1534 B h 200 mg- L A9 FE DU ¥4 WL
PR M Ve B ) I o3 S s R 2 10,25.50,100,150
F1200 mg- L ¢, ZEEAR N 9 em MRS Hil
A2 100 RLFh 0 AGE B4R iEEN TR
EAFh 2 2~3 d, FE&FFEEHZF G, &I
10 KRR E AR FR LA 2300 A S mL RN
10.25.50.100 150,200 mg-L™" 1 75 I %5 W AE k5

T, R AT FEIRT ARG S h,
Higk o d, MEMYIRMZERNKE &L 3 K178
55, WO AT AR KA 2R g 2545 R E Uk
AW EAMEIER 455 8 Ul A& W B (2 i
YER , TFEAER AR .
n=(.~1)/1.x100%

AN R MR 1 KR HKE L Kb
K,

2 #R5iTie

2.1 EFERIE

P e i LR G AL Mg R R IA 3 4
FRAEAE AL . (1) FLAR HLL A HL? 19 B 56 356 (-0-H) i
BRSO 3 342 em™ TERCGH 1 F 2 138 &l
R I EAER A 1R 2 3% 4 30 F 530 A
520 cm™ I Sn-O 5T A Y g Iel SR B E A o
-OH L ¥ 5 58 £ 347 1AL (2) BLAR>C=
0 B >C=S FRAEWELERL &9 1 A1 2 1 43 5 2k i
TE 1 159 F1 1 172 em™ 43 5 HE B8 C-O 1 C-SU7HZ Wi
g FRWITEBCAAR 5 8 )5+ B R |, C=0 5% C=S 5 4H
A1 28k 22 8 & A= e T X &5 A8 7 AR S 9 1 = B
A A B EEE S E5 R 1Y O-H 5% S-H i )5 5 8)
JE G Sn-O(S) 8 5 (3) FLAKTE 1 610 em™ 1YV % HE R
B »(C=N)FEBL & 90 43 B LE RS U85 1 548 FiI
1529 em™, VLI B A R 15 8 & 4 N—Sn it
PEME54E T C=N 4 8 A LB R &9,
22 BIkEH

e A W1 SRR UL 2R 1, R R A A A
T2, AW 1M 2 545K 1 2 B

C22

Ellipsoids probability level: 30%
Bl 1 A& 185 TamE

Fig.1 Molecular structure of complex 1
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Table 1 Crystallographic data of the complexes

Complex

1

Empirical formula
Formula weight
Crystal system
Space group
a/nm

b / nm

¢/ nm

V[ nm®

A

D./ (Mg-m?)
(Mo Ka) / mm™
F(000)

0 range / (°)

Limiting indices

Reflection collected, unique

Goodness of fit on F*

Absolute structure parameter

Final R indices [I>20(])]
R indices (all data)

Largest diff. peak and hole / (e-nm™)

CsHN,0.8n,
1016.56

Orthorhombic

722,

1.474(4)

1.849(11)

1.947(12)

5.310 3(6)

4

1272

0.982

2120

1.52~25.10

17<h<-17,-18<k <22,-23<1<22
27 300, 9 460 (R,:=0.021 9)

1.036

~0.008(16)

R=0.026 6, wR=0.062 7

R=0.032 6, wR=0.065 6

660 and —363

CysHssN405SSn,
1 032.62
Orthorhombic
P22.2,

2152
1.53~25.10
-llsh<18,-2l<k

< 17,-21

27732, 9 614 (R;,=0.023 5)

1.044
-0.020(2)

R=0.036 4, wR=0.098 9
R=0.046 0, wR=0.105 2
818 and -510

x2 BEAVHBIEKMER

Table 2 Selected bond lengths (nm) and angles (°) of complexes 1 and 2

1 2 1 2
Sn1-01 0.206 84(19) 0.207 2(3) Sn1-Cl 0.212 0(6) 0.209 7(14)
Snl1-C5 0.210 6(4) 0.261(16) Sn1-NI 0.217 5(2) 0.226 1(3)
Snl1-04 0.213 88(18) S$n2-02 0.208 17(16) 0.207 7(2)
Sn1-S1 0.246 7(3)
Sn2-C28 0.212 5(3) 0.210 0(4) Sn2-N4 0.219 2(2) 0.218 2(3)
Sn2-N2 0.226 4(2) 0.229 3(3) Sn2-C24 0.213 5(3) 0.212 3(5)
Sn2---03 0.312 09(25) 0.314 1(31)
01-Sn1-C1 95.65(12) 87.9(4) 01-Sn1-C5 100.20(14) 96.3(4)
01-Sn1-N1 81.54(7) 79.51(11) C1-Sn1-N1 121.77(14) 140.4(4)
C1-Sn1-C5 1275(2) 123.8(7) 01-Sn1-04 152.76(7)
01-Sn1-S1 145.05(14)
€1-8n1-04 89.87(12) €5-Sn1-04 97.41(13)
C1-Sn1-81 93.8(4) €5-Sn1-S1 111.3(5)
€5-Snl1-N1 109.6(4) 98.1(5) N1-Sn1-04 72.96(7)
N1-Sn1-S1 77.15(11)
02-Sn2-C28 95.15(10) 94.14(15) 02-Sn2-C24 91.74(10) 92.41(17)
(28-Sn2-C24 146.84(12) 146.74(19) 02-Sn2-N4 82.75(7) 83.13(10)
(28-Sn2-N4 109.31(10) 109.75(15) 02-Sn2-N2 152.91(7) 153.53(10)
(28-8n2-N2 91.65(10) 92.7(2) (€24-Sn2-N2 96.79(10) 95.87(16)
N4-Sn2-N2 70.27(7) 70.50(10)
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Ellipsoids probability level: 30%
B2 WA 20 Tas R
Fig.2 Molecular structure of complex 2

TN o AT F A5 RS BORT 0 1 0 2 2 HAT S 45
UL A Y, Snl BR 5 2 > T HAHES ik 5
FCAR I I 2 L 1 O1 J5i 7 P N1 JEF R d i =X 1y
04 8 ST 1 BUBRE , 23 i A8 7805 B RS 1. 7S JC
AR ,C1.C5 AN JE 5 48 2R 38 718, 01,04 3¢
S1 Ji &b Tl ey 457 3 ANl R RO EE AR 2 01-
Sn1-04 4 152.79°, £ 01-Sn1-S1 4 149.20° , BH & fi
BAMES , Snl T 5 3L TR E A B R TR
BB AR B YR AE | Sl 67 1) Sn-04(S1) B
WIS KT Sn-01, Btk Sn1 5 P 28 5t 44 B — 1> B
A5 = ARG I IR Sn2 TEBZE LT Snl 1
BB AN T 1 AW BT 25 Sn2 TE USSR
A ,Sn2---03(0.3131~0.3137 nm), H. Sn2 5 2 /1~ C 2
ASNF2 A0 JRFIE RS | S AR 5 T
I, Sn2 5 T I A A — W A\ T A A U 2 [A]
I AR A G R N OS) B 75 Sn L& AL 2 1

FLICFR AN 2 IS TCAFAR G4 R BE S

fER AP, R 03 BFBRYS Sn2 JiFk
A B LAAR  FL R JE 03-H3 ik 5 AHSE 2119 N3 J5
FIE W 03-H3---N3' A H#E(F A 1:d(03-H3---N3)
=2.063 nm, £ 03-H3---N3' 145.97° , BL &5 ¥ 2.d(03-
H3:--N3)=1.946 nm, £ 03-H3---N3=170.13°),, i# it
XA AR S W o 7 5 By 1 Z B
W AETCIREER A, B3 HECEY) 2 i —4E
FRAEIR S LA 10— 4k JoBR & IR 4540 5 H

eI

3,5-t-Bu, n-Bu groups and H are omitted for clarity; Symmetry
code: ' x+0.5, —=y+0.5, —z; " —x, y+0.5, —z+0.5

B3 A 2 2 G B IR 4 1 Pl
Fig.3 One-dimensional chain of complex 2
23 BEFEMEMHR
I i S 6 5 SR (TR 5) W T A 1 1 O
FIDE DU LR SR 55 5 AR bR 4 0 A=
KA — @ WVERT, (078 5256 7 RO J3E P 6 S8 A
P E 2 109%~30% , SRR 5 = T 34808 i
BCA e, B T o 1 O S brAR 0 1 10 okl 4
BN G IR E N 50 mg- L I B A P S 1 5

—

Inhibition rate / %

20’0 —&— 20

—a— 1
100 —— 2
—a— 3
80 —v— 4
—4— 5
60 —— 6
5, —— 7
E 404 —o— 38
L —— 9
g 201 —— 10
) —e— 11
s 04 —a— 12
2 —e 13
’E 220 —A— 14
=¥ 15
-404 —4— 16
—— 17
-604 —— 18
: i ' i —e— 19
50 100 150 200—*— 20

¢/ (mgL™?)

Target plant: (1)~(2) Portulaca oleracea, (3)~(4) Amaranthus spinosus, (5)~(6) 49 of Chinese Cabbege, (7)~(8) Edible amaranth, (9)~(10) Semen cassiae;

Effects of ligands on plants: (1)~(10); Effects of complexes on plants: (11)~(20); odd: root, even: stalk

4 MR HL' BILRCE Y 1(Z20)F0 HL? KL A 2047 )% 4% 5 Az 4 0 ikl 5 B VR 3 A5 £k
Fig.4 Herbicidal activity of ligand H,L' with its complex 1 (Left) and ligand H,l? with its complexes 2 (Right)
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il 4 B2 T b A 4 7 55, FLBC AR HoL2 B A
Yy 2 % SR AR AN 2 A KA —E AR E T,
e ECA Y 1R 2 AR PR ISR SRR
TEREME I BR E 145 00 D R0 e ] - S5 4R R
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TT RS 53, 5-TRUT HoK B B 4R
B 2 17 24 ol XU A% WL (3, 5- U T B K A I ) 4
E = TR B &Y Z G Y5> T aliE i O-H---
N SR Y i — 4 TR E5 0, AP, c=
50 mg-1.7";2,¢=100 mg- L)X R 58 T ¥ 05 A gk ]
TR 2 R A R B S B S A AR —
Tl 37 U R B
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