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Abstract: Five bis(substituted salicylaldehyde) m-phthaloylhydrazone organotin complexes, m-Ph(CONH—N=CH
(0-0)PhR")(SnR?),, were synthesized by one-pot solvothermal reaction of benzene-1,3-dicarbohydrazide, substituted
salicylaldehydes and organotin precursors, respectively, where R'=Naphth, R*=Cy (1); R'=3-t-Bu, R*=n-Bu (2); R'=
5-F, R>=Ph (3); R'=4-Cl, R>=Ph (4); R'=3-t-Bu, R>=Ph (5). Their structures were characterized by elemental analy-
sis, IR and 'H, "C, "°Sn NMR, and the crystal structures of complexes 1-5 were confirmed by X-ray diffraction.
Complexes 1-4 belong to the triclinic P1 space group and complex 5 crystallizes in the monoclinic P2, space group.
The central tin and the coordinated atom form a five-coordinated distorted triangular bipyramids configuration. By
C1—C2 or C4—C8 single bond rotation, the configuration of the two coordination chains on the central benzene

ring is reversed. Here, it is defined that the configuration of salicylaldehyde acylhydrazone chain coordinated with
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organotin to form far from the central benzene ring is called “trans”, and the configuration with the same orientation

as the central benzene ring is called “cis”. Therefore, complex 1 forms a “trans-trans” configuration, complex 2

forms a “cis-cis” configuration, and complexes 3, 4 and 5 form a “cis-trans” configuration. Fluorescence studies

showed that the complexes had luminescence properties, especially the organic solutions of 1 and 4 had strong fluo-

rescence properties. CCDC: 2131191, 1; 2177217, 2; 2131191, 3; 2177218, 4; 2177308, 5.

Keywords: bis(substituted salicylaldehyde) m-phthaloylhydrazone organotin; one-pot solvothermal synthesis; crystal structure;

fluorescence properties
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T, 0RO 2R R R R R A ] R A A
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0.313 g(2 mmol) 4- /KW AC G B 3 BT HI 9 5- 38
IKIGEEAREC S 4, 1 0.135 (0.7 mmol)[H] 2 — H i
JF.0.263 (1.4 mmol) 3K T K . 0.540 (1.4
mmol) = IE AL A1 8.5 mLIEA 1A 7(0.5 mLIK .6
mL AT 2 mL DMF), 100 CI&E I 24 h, 1535
HY5.

Be ) 1 35 00 51K 0.626 g, 7738 58.6% ., 15 1
258~260 C (dec). 7T & 43 T (C5,He,N,0,Sn,) 5% il {E
(i+ 818 ,%): C, 60.81(60.70); H, 5.89(5.85); N, 5.22
(5.24), FT-IR(KBr, cm™): 2 917, 2 845(m, v, _,,
Ve ), 1617,1600,1 579(s,vc_os Vo) S40(W,vg, o),
457(w, vy ), 417 (w, vy, o)o 'H NMR(500 MHz,
CDCL): 8 9.77(s, 2H), 8.85~6.98(m, 16H), 2.19~1.37
(m,44H). "C NMR(126 MHz,CDCL,): 6 169.94,168.42
(C=0), 156.87(C=N), 136.40~107.06(naphthyl, phe-
nyl), 39.81~26.59(cyclohexyl), '“Sn NMR(187 MHz,
CDCL,):6 -253.24.

Be A4 2. B0 51K 0.585 g, 72 R 74.9% , 15 15
115~117 Co JCE A3 HT(C,eH N, 0,Sn,) 32 M {H (5
1l ,%): C,56.57(56.58); H, 6.78(6.81); N, 5.75(5.74).,
FT-TR(KBr,cm™):2 959,2 919,2 855(m, v, 4 Vey)>»
1 604,1 547(5, Vey» Vern)» 533(5, Vs, o) 493(5, Vs, ) »
455(s,v¢ )o 'H NMR(500 MHz, CDCL,): 6 8.79, 8.76
(s,2H),8.16~6.67(m, 10H),2.95~1.40(m, 24H), 0.88(s,
30H), “C NMR(126 MHz, CDCL,):8 168.99,166.67(C
=0), 162.21(C=N), 140.96~116.29(phenyl), 35.04~
22.18(—CH,—), 13.55(Me). '"“Sn NMR(187 MHz,
CDCl,):6 -187.53,

Be AW 3: 8 40 1K 0.869 g, 7 #K 88.7%., 1 1
272~273 C. TEE AT (CorHe F N0 S0 ) SE I E (G54
ff,%): C, 56.39(56.37); H, 3.50(3.29); N, 5.69(5.72)..
FT-TR(KBr,em™):3 053,3 017,2 996(m, v,y Ve_y)»
1 606, 1 548(s, Voo, Very)» S15(w, vg, o), 473(w,
ve, ), 441(w, v, ). 'H NMR(500 MHz, CDCL): &
9.03(s, 2H), 8.69~6.85(m, 30H). "*C NMR(126 MHz,
CDCL): 6 169.07, 163.54, 160.52(C=0), 155.32,
153.44(C=N), 138.82~115.97(phenyl). '"°Sn NMR
(187 MHz,CDCL,):6 -328.59.,

Bl AW 4 8 (0, 1A 0.691 g, 77 3 68.2% , 14 15,
148~150 °C. JC & /3 M7 (C,H,,CLN,0,Sn,) S 1 {H (3
HAH L %): C,54.60(54.54); H,3.16(3.18); N, 5.50(5.53)..
FT-IR(KBr, em™): 3 160, 2 957,2 924,2 861, 2 855
(M, Vs s Vo) 1 605, 1 589(s, ve_y, Vey)s 530(s,

Vo, ) 487 (s, v _\)»445(s, v, ) 'H NMR(500 MHz,
CDCL,): & 9.00(s, 2H), 8.57~6.18(m, 30H), “C NMR
(126 MHz, CDCL,): 8 169.16, 166.57(C=0), 160.05,
153.87(C=N), 140.02~100.98(phenyl). '°Sn NMR
(187 MHz,CDCl,):6 -329.60.

Bl &40 5. B (0 51K 0.494 o, 72 3R 64.6% , 1 15
180~185 °Co TLZE 4317 (C,o5H 10sN50,,Sn,) SE M AEL (1
BAE L %): C,59.38(59.37); H,4.88(4.98); N, 5.12(5.13).,
FT-IR(KBr, em™):3 054,2 960,2 868(m, v, 4>V 1)»
1612,1600,1597,1593,1590(s,veqVey)» 446(s,
Ve o), 418(s, v, ), 404(s, v, ). 'H NMR(500 MHz,
CDCl,): 8 8.98,8.92(s, 2H), 8.87~6.74 (m,30H), 1.64~
0.88(s, 18H), "*C NMR(126 MHz, CDCL,): 3 168.76,
166.95(C=0), 162.72(C=N), 141.29~117.29(phenyl),
35.28, 29.98(Me). '“Sn NMR(187 MHz, CDCL): &
-325.10.
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CCDC: 2131191, 1; 2177217, 2; 2131191, 3;
2177218,4;2177308,5.
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Table 1 Crystal data and structure refinement for complexes 1-5

Parameter 1 2 3 4 5
Empirical formula C5,H,,N,0,5n, C46HeeN,0,Sn, CooHo F,NOSn,  CuH,CLN,0,8n, € oH,0N:0,,5n,
Formula weight 1 068.45 976.40 1 960.27 1013.03 2 184.71
Temperature / K 296.15 296.15 296.15 296.15 296.15
Crystal system Triclinic Triclinic Triclinic Triclinic Monoclinic
Space group P1 P1 P1 P1 P2,
a/nm 0.951 75(7) 0.8452(3) 1.289 97(10) 0.918 59(8) 1.123 32(12)

b/ nm 1.422 80(11) 1.711 6(7) 1.766 97(14) 1.461 01(13) 2.733 6(3)

¢/nm 1.912 02(15) 1.746 0(7) 1.972 03(16) 1.664 17(15) 1.626 33(17)

al(°) 78.334 0(10) 87.019(5) 103.088 0(10) 73.174 0(10)

B/(°) 89.445 0(10) 77.312(5) 97.394 0(10) 80.401 0(10) 92.425 0(10)

v/ 76.014 0(10) 76.126(5) 107.292 0(10) 88.974 0(10)

V/nm? 2.4584(3) 2.392 3(16) 4.086 4(6) 2.106 8(3) 4.989 5(9)

A 2 2 2 2 2

D,/ (Mg-m™) 1.443 1.356 1.593 1.597 1.449

w/ mm™! 1.065 1.087 1.280 1.361 1.054

F(000) 1092.0 1 004.0 1944.0 1 004.0 2200.0

Crystal size / mm 0.12x0.12%0.10 0.15%0.12x0.12 0.15%0.15%0.14 0.15%0.12x0.10 0.23x%0.22x0.22

0 range / (°) 2.177-25.393 2.391-28.627 2.169-27.549 2.215-25.0 2.249-25.1

Limiting indices -1 <h<1l, -11<h<11 -16 <h <16, -12<h< 12, -13<h<13,
-17<k<16, -23<k<22, -22< k<22, -18 <£ <20, -32< k<32,
-23<10<22 -23<10<23 -25<1<25 0</<23 -19<1<19

Reflection collected 25 604 32516 51498 7392 51111

Unique reflection (R,,) 8914 (0.032) 12 045 (0.023 1) 18 647 (0.018 6) 7392 (0.025 3) 17 643 (0.036 1)

Completeness to 6 / % 99.6 99.8 99.6 99.7 99.9

Data, restraint, parameter 8914, 56, 587 12 045,262,682  18647,86,1045  7392,6,439 17 643,814, 1 194

Goodness-of-fit on F? 1.069 1.011 1.023 1.090 1.049

Final R indices R,=0.056 3, R,=0.033 6, R,=0.040 1, R,=0.050 5, R,=0.049 4,

[1>20(1)] wR,=0.137 8 wR,=0.074 8 wR,=0.103 4 wR,=0.100 5 wR,=0.130 8

R indices (all data) R,=0.078 3, R,=0.0629, R,=0.051 2, R,=0.0751, R,=0.060 3,
wR,=0.150 4 wR,=0.089 9 wR,=0.112 1 wR,=0.108 1 wR,=0.138 3

(Ap), s (AP),i / (€m™3) 1 630, -980 440, =330 1480, -810 930, -820 1030, -2 200

C2 8l C4—C8 BUHE A AT e 4% , 7= A 3 A ) i 1) 1)
FAY, 4 Scheme 1 7 o FRATTRE K AG I B R S5 A
ML) B A T B 2E 8 Hh (] R BR AR B AR O “ e X7, 5

Hh T A B [ 1) B8R R M

L, BB

TR I 1 ) 3 b A ] BB 1) g A 284, 3331 g = (1)
2 MM ()R -z " (. X A2k b A4

LN

—N N
R $n70
o —V
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Three orientational configurations of bis(salicylaldehyde) m-phthaloylhydrazone organotin complexes
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158°, WA 4 fiw B 2R 7 180°, A% 17 A B¢\ U+ 5 4l
[i] 437 J5L 5~ A4 5 A B £ 2. 01—Sn1—C(N)fii 25 90°,
T AL R B RS B IR R R 1) AR R 1200,
DA I, T A7 J5 5 o ) 2 R TR 6 R T = ) XL
R M C1—O01 Fl C8—02 1Y K (0.127~0.133
nm) B0 I8 K I, BRELAY C—O0 BEK A T IE % 1Y C—O0

BB (0.143 0 nm) Fl C=0 B 5 K (0.122 nm) 2
(], R R S0 B AL T 5 B B 5 5916 T C=0 XL
5 ENS AR A

By 195 3 110 235 1) 000t X6 TS B 40 %) F AR 7 A
M ARG AL, B L 2R IR Cyl(C2~CT) 5
K ¥ BE 55 R Cy2(C10~C14 . C19) £ Cy3(C21~C25.
C30) = [B] () T8 £ 4351 A 8.6°16.0°, Cy2 55 Cy3 1)
TN 2.9° 5 BiE 3 R F Sn1A—01—C1—N1—N2
B 5 Sn1A JE B F JC #F Cy5 Ml Sn1A—N2—C9—

C33a C32a

For clarity, H atoms have been omitted, and the disorderly split atoms of 1, 2 and 5 are deleted

B S 1~5 953 5450 (R R R IR K2 25%)

Fig.1 Molecular structures of complexes 1-5 with thermal ellipsoids drawn at the 25% probability level
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Table 2 Selected bond lengths (nm) and bond angles (°) of complexes 1-5
1
Sn1A—O01 0.214 6(4) Sn1A—C31 0.216 8(9) N3—N4 0.139 2(6)
Sn1A—O03 0.210 2(4) Sn1A—C37 0.209 6(8) Cc1—01 0.128 8(7)
Sn1A—N2 0.218 7(5) N1—N2 0.140 1(6) c8—02 0.127 8(7)
01—Sn1A—03 153.28(18) 03—Sn1A—N2 80.60(18) N2—Sn1A—C37 119.0(2)
01—Sn1A—N2 72.71(16) 03—Sn1A—C31 96.5(3) C31—Snl1A—C37 133.9(3)
01—Sn1A—C31 92.6(3) 03—Sn1A—C37 95.7(3) Cl1—NI1—N2 111.0(5)
01—Sn1A—C37 96.0(2) N2—Sn1A—C31 106.9(3) N1—N2—C9 114.3(5)
2
Sn1A—O01 0.214 8(3) Sn1A—C31A 0.213 7(15) N3—N4 0.140 3(3)
Sn1A—O03 0.206 0(3) Sn1A—C35A 0.215 1(8) C1—O01 0.128 8(3)
Snl1A—N2 0.2135(3) NI1—N2 0.140 2(3) c8—02 0.129 0(3)
01—Sn1A—03 156.10(16) 03—Sn1A—N2 84.04(13) N2—Sn1A—C35A 121.7(4)
O1—Sn1A—N2 73.24(12) 03—Sn1A—C31A 102.8(9) C31A—Snl1A—C35A 123.8(6)
01—Sn1A—C31A 93.19) 03—Sn1A—C35A 94.4(5) C1—N1—N2 111.4(2)
01—Snl1A—C35A 91.3(5) N2—Snl1A—C31A 113.1(5) NI—N2—C9 116.6(2)
3
Snl—O01 0.213 8(3) Snl—C23 0.211 4(4) N3—N4 0.139 8(4)
Snl—O03 0.206 4(3) Snl—C29 0.211 5(4) Cc1—01 0.130 0(4)
Snl—N2 0.2152(3) N1—N2 0.139 0(4) €8—02 0.129 1(4)
01—Sn1—03 157.18(11) 03—Sn1—N2 83.87(12) N2—Sn1—C29 118.77(13)
01—Sn1—N2 73.31(11) 03—Sn1—C23 96.47(15) C23—Sn1—C29 121.35(14)
01—Sn1—C23 94.31(13) 03—Sn1—C29 98.29(15) Cl1—NI—N2 110.9(3)
01—Sn1—C29 93.14(13) N2—Sn1—C23 119.08(13) N1—N2—C9 115.1(3)
4
Snl—O01 0.2119(4) Snl—C23 0.2115(3) N3—N4 0.138 3(6)
Sn1—03 0.207 5(4) Sn1—C29 0.212 2(3) C1—o01 0.129 3(6)
Snl—N2 0.2157(4) N1—N2 0.139 9(6) c8—02 0.129 2(7)
01—Sn1—03 157.98(15) 03—Sn1—N2 84.28(16) N2—Sn1—C29 113.48(18)
01—Sn1—N2 73.73(16) 03—Sn1—C23 94.56(18) €23—Sn1—C29 128.95(17)
01—Sn1—C23 94.50(17) 03—Sn1—C29 95.10(18) C1—NI1—N2 110.94)
01—Sn1—C29 94.72(17) N2—Sn1—C23 117.31(17) NI—N2—C9 115.8(4)
5
Snl—O01 0.214 4(9) Snl—C31 0.213 2(7) N3—N4 0.137 6(11)
Snl—03 0.207 3(7) Snl—C37 0.215 0(10) Cc1—01 0.132 5(16)
Snl—N2 0.215 4(9) N1—N2 0.142 7(12) c8—02 0.128 1(13)
01—Sn1—03 154.9(3) 03—Sn1—N2 82.9(3) N2—Sn1—C37 133.5(4)
01—Sn1—N2 74.9(3) 03—Sn1—C31 100.7(3) C31—Sn1—C37 120.0(4)
01—Sn1—C31 96.4(3) 03—Sn1—C37 94.8(4) C1—NI1—N2 111.5(9)
01—Sn1—C37 92.3(4) N2—Sn1—C31 105.9(3) N1—N2—C9 116.1(9)
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C10—C11—03 %% 5 Sn1A JE R 75 JC R Cy6 (355
MR A 22 435114 0.016 7 F10.067 5, H. Cy5 5 Cy6 [15F-
T R 510, RIS 4 1 Cyl.Cy2.Cy3.Cy5 I
Cy6 I HAT B4 L 1w, 4 AN B RIS B — 4~ KA
IR R . AL 2 AR E A T AR
7, £C31—Sn1—C37=133.9(3)°, X Al
eSO HEME A LA IE T 3 RS
W) 2~5 B 23 [ RN A, 801 Cyl . Cy2 Fll Cy3 Z [H]
() A AE /N A £ C—Sn—C A K, XN+ s-
SR A Y 3 4-E LA 4 A AL 254,
BEATAE Snl F1Sn2 _E Ay 2 A2 3 5 83 1 i F T
AR5 AE 39 Snl A1 Sn2 b 2K BR8] T £ 40 Bk
54.0°H151.4°, B 5B/N T 4(Sn1:60.2°,Sn2: 62.3°) Ay %
IRTa] TR, AT RE R K AN [ 5 e i 45

TR T A Y AR L R A A
B oo-m MEAR m-mVEH . RS 1H 5 THE
HAELE 3R GG VE ] . — Do FRR IR 5 5 — 4K
I3 FE IR £ 3.02)0) A B4, DA IR
Cyl 5483 (LL* 3 78) ) Cy1™(Symmetry codes: ™ 1-

2

w, 1=y, 1=z, 1=x,y,2;% 2—x, 1=y, 1=z, ™ —1+«, y,

4i

w3 T, y,z, ™ 1—x, -y, 1=z, ™ x,y, 142, ™ —14a,y,

2, =, =y, 1=z w, y, 1+2) JE SRS - HEFR, U
FEA11.(0) 2 > PRS- 18 18] 5 () A1 R P 100 3500 B 255 (c) o
2 R 5 93 2 2RI P A AU ) - E
Cy4(C14~C19) 5 Cy3™ By ¥4V 1 #H 0.359 9(6) nm .
B 21.00, a0 25 0.385 6(4) nm. Cyl F 1A

Cyl
Cyl*ll

4=0.358 8(6) nm, ¢=0.410 3(5) nm, 6=29.0°, d=0.271 7(3) nm;
Symmetry codes: "t 1-x, 1-y, 1-z; "1 1-x, y, z
K2 BCEY L Cyl SATARIN T Cyl ™ R Z I -7
PERL, BLJ Cy1 4555 — A48 Ha2™ i1 Z [A]f)
o-mVEH
Fig.2 -7 interaction between Cyl of 1 and Cy1™ ring
of the adjacent molecule, and o-7 interaction
between Cy1 of 1 and another adjacent H42™"

atom

i 5 2RI 43 19 HA2B™ & A= B 2 d=0.271 7(3) nm
() o - VEFH 5 AB T4 T 1Y H34A ™ 5 Cy4 BR5F 1 72 4
FE 25 0.272 0(7) nm 1Y o -7 7E ] (C34"—H34A™" .
Cy4); It Ah , HA0A 5 H48B™ & A= 15 25 4y 0.235 8(0)
nm [ RUERE, k2 55/ R SERC & 4 fb iR AR
FEPEITIE B 1 B JC FRAE (o i —4EBE 4544 . Be &4 2
HA C10~C15 K3 5 4R35 C107~C15™ ] 7= A= - Ti1
£40.0° V- T8 BH 25 0.343 2(3) nm FIHE 5 FH 33.6°1K) 7r-
mVEFFI H36B™ 5 C2~CT I o-m fEF . ELEH) 3
o b ST B IE A T IE Y C10~C15 315 C48~C53 AT
1 ar-ar VB - S 180 £A 9.75° . Wi SF 1 5 55 0.364 1(4)
nm G 26.1°0 HH LA o-m M C—H---FER .
B 4 R AEAE 44 - AR D R R 54058 7 7
RAENZA P3N m-m B, Hoh 2R S -
T BRI A B2 XA AP T 7 9.32(7)°, -1 2]
P —F-1 UG AN E 0.367 43(19) nm, 1 MEACER 5
N ARAEM w5 — i 0 [ EE
0.366 72(9) nm; Sn2 | 7 ¥ (C35~C40) 5 4[5 T Sn2™
(C35™~C40™" fE FH « °F- T8 £A 0.0° . F- I .0 ] B
0.352 63(10) nm . W #ff1 27.1°, AL, L AFTE H39--
C26™(0.280 94(18) nm) Fl H44---C35"(0.278 3(2)
nm) ) o-m V. Cl2 5 H31™ 2 6] A 55 S0 5 (0.298
48(19) nm). 43F [A]33X 26 55 15 F il 4 HEFL AR — 4k
I FHik . BLEY 5 A RBISA Y , RIR(C10~C15)
LSBT AR (CT S~ C22"5) i - i F 8.5(4)° . W4 - 1 Hp
L BB 0.403 7(7) nm ¥ #% / 23.0°, B 5 m-m
YEM .
22 FEEVRGFSIE

XL 7K A ) ) % — Bk il LA B YR 3 L&
FE REE e B RN DY A AR Ak R R L A5
B 0 3% 2 R TE FIE (A1 41 B SRR AR, 58 LA S i 2
PR R T A2k

Be A& 7E 3 200~3 500 em™ 778 B} (v, ) &
F ) T 1 648 em™ B 5 (v, o) [ 47 i sh g e 7
B A vo o Al v AR AEWETH O v, RN i FE 4R
TEVESS AL LR, I TE L& ) B I E DX HE B Sn—0
(N 1 )P 2l 55 0171

P G W 00 A% 1 e I S0 b, XL OB A7 1) [1]
PR i B T 2 (OH) 2 (NH) {5 S 2%,
JHie (N =CH) S 5 ¥ (Ar-H) & AR IE AR AR AEAE , 16
B T8 IR SRS o BREILIRIR S A DY Ak
e B (CH=N) AL A L AR AR 5, BRBE T BE
I, B 55 ST A U Tk R 5 R B AU
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Fig.3 Fluorescence spectra of the solutions of complexes 1-5
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