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Synthesis, Structure and Fluorescence Properties of Bis(3-ethoxysalicylaldehyde)
1,3-Benzyldiacyl Hydrazone Tetrabutyl(phenyl)ditin
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Abstract: The bis(3-ethoxysalicylaldehyde) 1,3-benzyldiacyl hydrazone (H,L) ligand was prepared by the reaction
of 3-ethoxysalicylaldehyde with benzene-1,3-dicarbohydrazide in ethanol solution. Bis(3-ethoxysalicylaldehyde) 1,3-
benzyldiacyl hydrazone tetrabutyl(phenyl)ditin, Bu,Sn,I. (T1) and Ph,Sn,L. (T2), were synthesized by solvothermal
reaction of H,L. with dibutyltin oxide and triphenyltin hydroxide in methanol, respectively. The structures of ligand
and complexes were characterized by elemental analysis, IR, UV-Vis spectroscopy, NMR, and single-crystal X-ray
diffraction. The molecular formula of H,L is C,sH,sN,O. The crystal of H,L belongs to the monoclinic system and
space group C2/c. Two formylhydrazide (3 -ethoxy)salicylaldehydes are cis-symmetric configuration. The molecular
formula of T1 is C,Hs,N,O.Sn,. The crystal of T1 belongs to the orthorhombic system and space group Pbcn. The
two formylhydrazide (3-ethoxy)salicylaldehyde chains of H,L turn inward 180°, and a distorted trigonal bipyramid is

formed by the coordination of coordinating atoms with tin. The molecular structure is axis-symmetric about C2---C4.
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The molecular formula of T2 is Cs,H,,N,0,Sn,. The crystal of T2 belongs to the triclinic system, space group P1.

One formylhydrazide (3-ethoxy)salicylaldehyde of H,L keeps the original configuration, and the other formylhydra-

zide (3-ethoxy)salicylaldehyde turns inward 180°. Two coordination chains with different configuration orientations

were formed, which coordinated with diphenyltin to form a binuclear trans-asymmetric distorted trigonal bipyramid

complexes. The fluorescence properties of trichloromethane solutions of H,L,, T1, T2 (50 wmol - L") were tested. The

results showed that H,I. had weak fluorescence at 520 nm, and T1 and T2 had 14-15 times stronger fluorescence
emission peaks than the ligand at 518 nm. CCDC: 2092625, H,L; 2092626, T1; 2092627, T2.

Keywords: bis(3-ethoxysalicylaldehyde) 1,3-benzyldiacyl hydrazone; organotin complex; solvothermal synthesis; crystal structure;

fluorescence properties
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IR J Bruker TENSOR II {8 B -1 A6 i A (1
[ Bruker 23 7 , 4 000~400 cm™, KBr JE )M 5E . 4
HRET BLYGTE H] UV-2500PC 28 7 1 L4366 EE 3 (H

A A T E . H L BC RS B G L 4 5 T
Bruker Avance 500 #% % 3 9% 1 (¥ -+ Bruker 23 #] ,
TMS YE P AR, CDCL )M A o B Al AT S 4k s
Bruker SMART APEX 11 CCD X 52k o 5 77 S (72
[ Bruker 28 BN . JCE /8T H PE-2400 [l TR 7
X (GEE PE A BD)HEAT o 4 i I X-4 X0 H A 5 A
A P AL A Z AR BR A DI . S kIS
F-7000 26 GHEAL (H A H 3728 5] AE o

[E] 2 — Pk JF (CP) I L g 5 3 59 A BR
Alo T REAE(CP)IE [ el AERE AL T A BRZA
Al 3-LRHEKGEE(CP)I H 2R 5 AR Tk #k =2
Fho =R AAE (CP) A i UL TR A
FRNHE]
1.2 EAFEMHELBF &

¥ 16.62 g(0.1 mol)3- 2 AL KM & .9.22 ¢(0.05
mol) [A] 2K — FF 15k ik 11 30 mL 2 Bt fin A S o i v, 75
B BBV W, B 1T 3, A HROR AR ™ A2 A 70
mL DMF-Z (529, V/IV) W, AV i, 4k 2k i
36 h, HAREH, B8 1 e, A KRN RN
BB D> K h iR R ik, AR TR
5 B @0 5 R R0 K K 20.396 g, 7 % 81.2%. m.p.
246 °C, TCEIIHTF(CoHy N, O ) SMME (3518 , %) : C,
63.68(63.66); H, 5.37(5.34); N, 11.29(11.42), FT-IR
(KBr, em™): 3 529s(ry_), 3 284m(vy_,), 3 063m,
2 984m,2 929m,2 882m(v,_ 4,V _y), 1 658vs, 1 609vs
(Peos Ven)» 1 562m, 1 465m(phenyl v._.). 'H NMR
(500 MHz, DCCL,): 8 13.73(s, 2H), 11.09(s, 2H), 9.93
(s, 2H), 7.47~7.05(m, 10H), 4.14(q, 4H), 1.57(s, 6H).
3C NMR(126 MHz, DCCL,): 8 167.02, 160.46(C=0),
149.28, 147.19(phenyl C—0), 139.95, 137.86(C=N),
119.66~100.35(phenyl), 68.66(oxethyl —CH,—), 15.48
(ethyl —CH,).
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# 0.491 g(1 mmol) H,L.,0.498 g(2 mmol) . T
A4S A8 mL HHBEAN A S 22, FHE 2 120 °C,
fER 8 h 5, LA 2 C-h™ (sl FE [ R 22 20 °C. il 2
d J5 , 19 3 60 1 WORN B A HOBR A A4, Y B R 4 A AR
0.512 g FLA W T1, 72 % 53.8%, m.p. 144 C, JTE
53 BT (CuHN,OSn,) 55 W B (T 5518, %): C, 52.99
(52.97); H, 6.23(6.14); N, 5.65(5.88), FT - IR(KBr,
cm™):3 062m,2 952m,2 916m,2 868m,2 851m(v,, ,,
Ve ),1 610s,1 594s(we_o,ve_y),1 551m,1 520m,1 460m
(phenyl v._.), 524w(vs, ), 491w(vs, «), 482w(Vs, )o
'H NMR(500 MHz, CDCL,): 6 8.78(s, 1H), 8.75(s, 1H),
8.16~6.64(m, 10H), 4.10(q, 4H), 1.67~0.85(m, 42H).
C NMR(126 MHz, CDCL,): 6 169.13, 161.54(0—C=
N),158.46,150.42(—CH=N), 133.66~116.13(phenyl),
65.09(oxethyl —CH,—), 26.85, 26.48, 22.55, 14.99,
13.63(butyl, oxethyl —CH,). '°Sn NMR(187 MHz,
CDCl,):6 -186.94.

JH0.702 g(2 mmol) — T 58 — LR IR &R ik
AR T B AT A 1K 0.832 g, 77
#87.4%, m.p. 148 C. W& 152250408 AL i X
SHRAT SAUE S5 B A4 T1AHIE .

H2 0.245 g(0.5 mmol) H,L, 3§ 0.367 g(1 mmol)
SHRFEAAMBNETIRH S LT P T HAL
By, AP RS TIAHIE 15 0.462 o B @BUR S AR RL
W T2, 72 89.5%, m.p. 297 C . JCE
(CsoH,uN,O4Sn,) LA (71 5518 , %) : C, 58.24(58.17);

H.,4.22(4.10);N,5.31(5.43). FT-IR (KBr,cm™):3 068m,
3053m,2 976m,2 930m,2 898m,2 873m(v,, 4, Ve 1),
1 603s, 1 562s(¥c_g, Ve—y), 1 509m, 1 476m(phenyl
Vero)s 552w(vs, o), 486w(vs, ), 447w(re,_)o 'H NMR
(500 MHz, CDCL,): 6 9.23(s, 1H), 9.07(s, 1H), 8.98~
6.68(m, 30H),4.22(m,4H), 1.52(s,6H). "“C NMR(126
MHz, CDCL): & 168.71, 161.94(0—C=N), 158.47,
150.96(—CH=N), 139.02~116.92(phenyl), 65.34
(oxethyl —CH,—), 15.24(oxethyl —CH,). '°Sn NMR
(187 MHz,CDCl,):6 -327.85.
14 REEHNE

A3 590 3 BCR SF R 0.15 mmx0.12 mmx0.10 mm
(H,L).0.12 mmx0.12 mmx0.10 mm (T1)#1 0.14 mmx
0.12 mmx0.12 mm (T2) i & 4 , 7€ Bruker SMART
APEX I 2 CCD fi A% I, R & A S5 B fb iy
Mo Ko 5§45 (A=0.071 073 nm), ) ¢-0 FAFE T2, 76—
FE 1 0 3 [l (2.376°~25.804° , H,L; 2.216°~25.099° ,
T1;2.286°~27.459°, T2) N W AEA7 S 5 dlss | 4 5k
25 Lp Kl F0 2 85 F1 F WSORE TF i T Olex2 R
A SHELX S 7 fiff i A A4 2544, F SHELXL A% 73 %
AR AR S A A bR B LA ) RIS R T 2
Mrifp/N e BB B8, BRI &L 4 A
JiF o T1REB A T FEhk (T2 A9HB 53 7R P Fl 2 48 Sk
WA, BTGP 22 AT A B . AT G S AR 2R B0 L2 1
H,L TR T2 f9 35 43R4 S A 500 DL 3 2.

CCDC:2092625,H,1.;2092626,T1;2092627,T2.,

&1 HL.TIT2H &K F R ERHBIEHTE
Table 1 Crystal data and structure refinement for H,L, T1 and T2

Parameter H,L T1 T2
Empirical formula CyH,N,Og C,,H5N,OSn, CsoH,,N,O¢Sn,
Formula weight 490.51 952.35 1032.25
Temperature / K 296.15 296.15 296.15
Crystal system Monoclinic Orthorhombic Triclinic
Space group C2/e Pben P1
a/nm 1.714 6(12) 1.928 41(19) 1.21561(12)
b/ nm 1.365 5(9) 1.249 20(12) 1.279 27(13)
¢/nm 1.218 6(8) 1.908 33(19) 1.590 77(16)
al(°) 94.055 0(10)
B/ 90.466(8) 96.369 0(10)
v/(°) 112.034 0(10)
V/nm? 2.853(3) 4.597 1(8) 2.262 0(4)
A 4 4 2
D,/ (Mg-m™) 1.142 1.376 1.516
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w/ mm™! 0.083 1.132 1.158
F(000) 1032.0 1952.0 1036.0
6 range / (°) 2.376-25.804 2.216-27.572 2.286-27.459

Limiting indices (h, k, [)
Reflection collected
Unique reflection (R,,)
Completeness to 0 / %
Data, restraint, parameter
Goodness-of-fit on F'2
Final R indices [[>20(])]
R indices (all data)

Largest diff. peak and hole / (e-nm™)

~20-20, ~16-16, ~14-14
13 980

2673 (0.069 7)

98.3

2673,0, 166

97.1

R,=0.066 5, wR,=0.173 2
R,=0.141 5, wR,=0.219 5
170, -210

-25-25,-16-16, -24-24
52431

5315 (0.029 8)

99.6

5315, 458,277

1.109

R,=0.055 8, wR,=0.141 8
R,=0.083 5, wR,=0.173 3
1 160, ~730

~15-15, -16-16, ~20-20
28225

10251 (0.0227)

99.6

10251, 183, 712

1.032

R,=0.034 1, wR,=0.082 2
R,=0.046 1, wR,=0.090 7
780, =540

#2 HL.TIFT2HESBKIER
Table 2 Selected bond lengths (nm) and bond angles (°) for H,L, T1, and T2

H,L
01—C5 0.121 9(3) N1—N2 0.137 5(3) N2—C6 0.127 9(4)
02—C8 0.136 7(4) N1—C5 0.134 3(4)

C1—C5—N1—N2 179.2(2) C5—N1—N2—C6 178.5(3) N1—N2—C6—C7 177.3(3)

T1
Sn1—O01 0.215 8(4) Sn1—C19 0.209 8(12) N1—C5 0.130 3(6)
Sn1—02 0.209 2(4) 01—C5 0.128 6(6) N2—C6 0.130 2(6)
Sn1—N2 0.216 9(4) 02—C8 0.131 6(6)
Snl—Cl15 0.2133(8) N1—N2 0.139 4(6)

01—Sn1—N2 73.00(14) 02—Sn1—C19 97.1(4) C19—Sn1—N2 114.1(4)

02—Sn1—01 156.35(14) C15—Sn1—01 93.9(3) C19—Sn1—C15 132.2(5)

02—Sn1—N2 83.36(15) C15—Sn1—N2 112.9(3)

02—Sn1—C15 96.0(3) C19—Sn1—01 92.0(4)

T2
Sn1—O01 02121(2) Sn1—C33a 0.212 5(4) Sn2—C39% 0.217 0(6)
Sn1—03 0.206 2(2) Sn2—02 0.212 4(2) Sn2—C45 0.210 8(3)
Sn1—N2 0.216 7(3) Sn2—04 0.206 5(2) N1—N2 0.139 2(4)
Sn1—C27a 0.208 7(5) Sn2—N4 0.215 6(2)

01—Sn1—N2 73.23(9) €27a—Sn1—N2 117.23) 04—Sn2—C45 95.17(11)

01—Sn1—C33a 98.8(3) C27a—Sn1—C33a 132.03) 04—Sn2—C3% 101.5(3)

03—Sn1—01 155.84(10) €33a—Sn1—N2 110.45(19) N4—Sn2—C39a 115.5(3)

03—Sn1—N2 83.57(10) 02—Sn2—N4 73.36(9) C45—Sn2—02 93.48(10)

03—Sn1—C27a 94.8(2) 02—S8n2—C3% 91.7(3) C45—Sn2—N4 121.02(10)

03—Sn1—C33a 95.5(3) 04—Sn2—02 157.29(10) €45—Sn2—C39a 122.2(3)

€27a—Sn1—01 90.0(2) 04—Sn2—N4 84.20(10)
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H,L iR s T 2R 2R C2/e 230 BE . 3 T-454
(BT 1) S, 2428 It Bk 4 (3- £ 48035 ) /K A T 1
SEMBERAL T F W, N1 ERHLI S C2 By
H2A T W 4> 1 N A& B2 2N1—H1---H2A—C2
(H1---H2A 0.206 3 nm); 02—H2 5 N2 i i3 ¥ Jilg 0 ek
(H2---N2 0.185 6 nm)Z 7S 7o, il 4B 53 F 2
] JE 5 i & B C11—HI11---02', C13—H13B---01'
(Symmetry code:’ 3/2—x, 1/2+y,3/2-z), AR HEF AL —
YR T-45K o TR i SRR iU B X, C5—O01
5 08—02 T N1—N2—C6 85 iU . 4544 , C1~C7
HCU~CT P 25 Ik e 4 2 S =R ALt , 4 C1~C7 4

16 IR T UL BRI 3 AL £R 430 R 2.7°
1.5°F10.8°, 5 54 JL-F- 110, AKAG I 4R 30 5
HUOIRIRIE L 7.8 1° M P18 A (A 40 I LA 4544
KT C2--- CATIRTFR
2.1.2 BCAY TR IARSS 1Y

T1 8 fH AR (I 2) 8 IEAC il & Pben 25 [B1#f, H.oT
ER AL TN IR L2 A T R W), Bk
T e 35k P A e B s T Ak 5 5 S0 e T B e 9, i i
B 28 C1~C5 F1 C1'~C5'(Symmetry code:' 1-x,y, 1/2—2)
SR 180078 Sy ) N LI I 5 B LA B 1 7508
IR LA Foe o, Hodme/ N3 - 101 (19 349 05 i 22 5331
37 0.001 4.0.000 4 nm, 2 A LT FwE,
OB 5 AR A U T S R T AR AR T = AL
HEAG AL, 35> F L 25 R AT 2 2 T C2--- C4 il X
PR, C1~C5 F1l C1U~C5' W 5% Bk i 5 - 6 > R MK Ik

All hydrogen atoms are omitted for clarity; Probability of ellipsoid: 30% , Symmetry code: ' 1-x, +y, 1/2-z

BI1 WL HLLA ST 45
Fig.1 Molecular structure of ligand H,L.

Some disordered atoms and all hydrogen atoms have been omitted for clarity; Probability of ellipsoid: 30%; Symmetry code: ' 1—x, +y, 1/2—z

El2 BV TS TF45H

Fig.2 Molecular structure of complex T1



108 TG ML 4k

¥ 38 %

F Y 3 A HH % £f1 43 51 £ C1C5NIN2=178.5(4)°,
ZC5NIN2C6=177.4(5)°, ZNIN2C6CT=179.2(5)° . Hh
T IS TO IR NI A R R T 3 9 25 (R RN, il
IK A T () R A 55 vt 2RI BT 18 £ (13.6°) L i
K.
2.1.3  ECAY T2 0 IR EE R

T2 11 it R (B 3) = #Hih & P1As [ F, 1AL
TR L5 24 R ILB (EC A A AU LA ). 2R
FEBUR T TR T 35, T2 09 S B A S5 AH
B A S BUR A 25U TLRY A AL . Rl TR0
(14) 235 [ 3007 PR 5% M, 52 7 el R v = 2R 3 S S Ak 4
TIAHER BRS 24 KBS n 45t AN A
C3—C8 F i FF T A A B, C1—C7 B by Bic 4 1) A1 Y
Fa 75 B % 180° 7% Sy ] N AR 7Y, 2 4 Tk e e LA i X 4
5 RSB I, B IR D BB R R

C30a
C3la C29a

C32a C28a
C24a

(C23a C27a
? 05a C1

BRI BRI = M WA A . B i 75
Sn1 . Sn2 B 73 HE B 1A 7S TCH R LA T, H
/N IR ST B E 5 DR 22 43 R 0.006 3.0.001 9
nm F10.001 7.0.004 5 nm , Pi WA 55 i 1 A & RSt i
PR (HEEC A T1 22, AN, T2 & B 34
IR 2R L 4R IR R A HOR X R
X TAS RN (LT 43 2 H e it a 315 ) 43 5 Cyl
(C1~C6)., Cy2(C10~C15), Cy3(C17~C22), Cy4(C27a~
(32a), Cy5(C33a~C38a) ., Cy6(C39a~C44a) Fl Cy7(C45
~C50) K, BN Z ARG 21 4w ff, Hob eyl 5
Cy2.Cy3 I°F i £ 43531k 17.66°F1 12.88°, Ut BH iy T
ZORFERZ W, BCAR R AL [ T HLL 25, 248 )
F LB ZE IRV 1 A M Cy4-CyS 51.08° Al Cy6-Cy7
63.20°, W 2R IR 43 ) (i 1) 45 JELF-41b

Some disordered atoms and all hydrogen atoms have been omitted for clarity; Probability of ellipsoid: 30%

K3 BLAY T21045r FE5H

Fig.3 Molecular structure of complex T2
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B f& H,L7E 3 518 em™ &b H IR ) A 430 119 19y 56
e O—H 45 4k sl , & B A B ALK o F WA HE
02—H2---N2 S8 ; 7F 3 284 em™' [l T H 0 42 3 Y
N—H  ZE IR 2 1 C—H {81 455 P 50 06 5 $ ik o 4
FEUETE 1 658 em™ ; WAL HE HHIRAE 1 609 em™ ; AR IR Y
HHC=CTE1562.1 465 cm™ A BUR IR By L1
MHLAE TR RS A A T
T2 )5 , X SERRAE ML 2 A= 284k - B 6 3E O—H R#AIE
WA 2R 5 i Ak 5 A 3l A B & A T =X 1) s = (—C
(0)—NH———C(OH)=N—)# AL Jii F, I+ 58 ic

F i C=0 FI N—H FHE WAL T 2% 5 W R 5L 58 Bl
(C=N—Sn), filfi C=NHHFIE 5L 208 , I LEBL &9
(1) 21 A1 't 3 A% % 2 X B O(N) —Sn Fll C—Sn (1)
S U7
222 HAAT LG

H,L . T1 F1 T2 i 505 %5 W (50 mol - L) Y 45 41
AL UL (1] 44 1) SRR L B AR HLL A 302 nm A fie K
WS K, e A9 T1 A T2 JL-F-A A ] B W A il 2%
O3 A 24 e R T 06 - 342 426 nm (T1), 344,422
nm (T2). 300 #1350 nm WL J& THARAIR . C=N
B -+ Fl n—* BRIE™, Bl A9 HEBCAR HLL 758 4k
Wi A g BTk 3 i, LTG5 0 ) e R W AT 0 e A AT
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200 TESOEIETEAL L, R 50 umol - L™ BT A
; o (L) B B A 0 (T T2) I S A VA W47 3D 14, o
3 140 7 MRV WO T Y 0K B 2390 4 340 nm (H,L)
£ 10} 365 nm (T1)F1370 nm (T2), $K J5 5359 LAk & I K78
g 100p 400~800 nim 765 FEl W1 5t FL,L T 1 T2 1) 5175 V6 W 11
Lo B . S5, HLLAE 520 nm HAT LIS 109
= sl JEE T, TR T2 4E 518 nm &b H 38— A58 19 5

20F KRG W (K 4)0 JLFBAZOLIER HL 5 T (F) 4

0

400 450 500 550 600 650 700 750 800 850
Wavelength / nm

%4 H,L.T1FI T2/ CHCL AW #9448 a] TG RE
(I ) R e %
Fig4 UV-Vis (Inset) and fluorescence spectra of H,L,
T1 and T2 in CHCI,
B, TI il O AR ik o s T R 2 5 I 00 R e
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