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Abstract--The reactions of SnC12, SnCl4, RSnC13, R2SnC12 and R3SnCI (where R = Me 
and Ph) with 1-[(4-methylphenylimino)methyl]-2-naphthol (L) resulted in the formation 
of a series of adducts of which the tin : ligand ratio was either 1 : 1 or 1 : 2. The Ph3SnCI" 3/2L 
adduct contains an additional uncoordinated ligand co-crystallized between two tin moiet- 
ies. All adducts exhibit Sn--O coordination, whilst the divalent tin adduct is further 
stabilized by an additional Sn--N bond. An X-ray crystal structure analysis of the tri- 
methyltin(IV) derivative is reported. 

Although a considerable number of six-coordinate 
tin(IV) adducts derived from the interaction of 
inorganic tin(IV) and organotin(IV) halides with 
2-hydroxynaphthalidene and related Schiff bases 
have been documented, five-coordinate tin(IV) 
adducts have been scarcely reported.l-6 The obser- 
vation that the chlorotriphenyltin(IV) adducts are 
invariably five-coordinate rather than six-coor- 
dinate has been attributed to steric crowding by the 
organic groups attached to the tin atom. 6 Our recent 
structural study on the adduct prepared from the 
reaction of trimethyltin(IV) chloride with 1-[(4- 
methoxyphenylimino)methyl]-2-naphthol, how- 
ever, has revealed that the electronic effect out- 
weighs the steric effect in the formation of the five- 
coordinate trimethyltin(IV) adduct. 7 In this paper 

*Author to whom correspondence should be addressed. 

we report the synthesis and characterization of a 
series of adducts derived from the reactions of l- 
[(4-methoxyphenylimino)methyl]-2-naphthol with 
SnC12, SnC14, monoorganotin(IV), diorganotin(IV) 
and triorganotin(IV) chlorides. An X-ray structural 
study has been carried out on the five-coordinate 
trimethyltin(IV) adduct, chlorotrimethyl{ 1-[(4- 
methylphenylimino)methyl]-2-naphthol} tin(IV). 

EXPERIMENTAL 

Reagents 

p-Methylaniline and 2-hydroxy-l-naphthalde- 
hyde were purchased from Fluka Chemie AG, 
whilst inorganic tin(II), tin(IV) and organotin(IV) 
chlorides were obtained from Aldrich Chemical 
Company. 
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Preparation of ligand, l-[(4-methylphenylimino) Table 2. Selected IR frequencies (cm ~) for ligand and 
methyl]-2-naphthol, [HOCIoH6CH : NC6H4CH3] adducts 

The ligand was prepared by adding an equimolar 
amount of p-methylaniline to 2-hydroxy-l-naph- 
thaldehyde in a mixed (1 : 1) dichloromethane-96% 
ethanol solvent. 

Preparation of adducts 

All the adducts were obtained by the reactions of 
the various tin compounds with the ligand. The 
preparation of Me3SnCI'[HOCIoH6CH:NC6H4 
CH3] is described as an example. 

The synthesis was carried out by adding tri- 
methyltin chloride (0.60 g, 3 mmol), dissolved in 
dichloromethane, into the solution of the ligand 
(1.57 g, 6 mmol) in the same solvent. The mixture 
was stirred under nitrogen at room temperature and 
then left standing overnight, whereupon yellowish 
crystals were obtained. 

Characterization 

Microanalyses. All microanalyses were carried 
out on a Control Equipment Corporation model 
240 XA elemental analyser at the School of Chemi- 
cal Sciences, Universiti Sains, Malaysia. The 
results, along with melting points, are shown in 
Table 1. 

IR spectral analysis. The spectra of the ligands 
and complexes were measured on a Beckman IR 
20A spectrophotometer in the frequency range 
4000 250 cm 1 with the samples prepared as KBr 
discs. The data are shown in Table 2. 

IH NMR spectral analysis. The data were rec- 
orded on a Bruker AC-P 300 MHz N M R  spec- 
trometer. CDC13 and DMSO-d6 were used as 
solvents, depending on the solubility of the sample, 

Compound v(C~-N) v(C--O) v(Sn--O) 

L 1618 1290 - -  
SnC12" L 1630 1298 1275 560 
SnC14" 2L 1618 1295 1275 512 
MeSnCI3" 2L 1615 1298 1280 510 
PhSnC13" 2L 1620 1305 1278 518 
M%SnC12" 2L 1620 1308 1290 518 
Ph2SnCI2" 2L 1620 1298 1275 520 
Me3SnCI" L 1615 1302 1290 540 
Ph3SnCI" 3/2L 1620 1300 1275 522 

with TMS as the internal standard. Selected ~H 
NMR peaks are presented in Table 3. 

MOssbauer spectral analysis. The spectra (Table 
4) were recorded with a constant-acceleration mic- 
roprocessing spectrometer using Ca j~9msnO3 a s  the 
source. The samples were compressed within Per- 
spex discs and cooled to 80 K. 

Crystallography: determination of X-ray crystal 
structure of chlorotrimethyl{1-[(4-methylphenyl- 
imino)methyl]-2-naphthol} tin(IV), Me3SnC1 • [HOCk0 
H6CH : NC6H4CH3] 

Intensity data for a crystal with dimensions 
0.5 x0.3 x0.2 mm were measured at room tem- 
perature on a Syntex P2~ diffractometer fitted with 
graphite monochromated Mo-K~ radiation, 
2 = 0.71069 A. The O-20 scan was employed to 
measure a total of 4698 reflections such that 
0max ~< 26 '/. Corrections were applied for Lorentz 
and polarization effects but not for absorption. 

Table 1. Melting points (~C) and microanalytical data (%) for ligand and adducts 

Calculated (%) Found (%) 
Melting point 

Compound (C) Sn C H N Sn C H N 

L 104-106 - -  82.7 5.8 5.4 - -  82.5 5.8 5.3 
SnCI2 • L 230 26.3 47.9 3.4 3.1 26.2 46.8 3.2 3.0 
S n C 1 4  • 2L 280 15.2 55.2 3.9 3.6 15.5 54.7 4.0 3.3 
MeSnC13 • 2L 258 15.6 58.3 4.4 3.7 15.5 57.8 4.3 3.6 
PhSnC13" 2L 240 14.4 61.2 4.3 3.4 13.9 61.0 4.0 3.3 
Me2SnCI2" 2L 17~174 16.0 61.4 4.9 3.8 15.6 61.4 4.7 3.6 
Ph2SnCI2" 2L 17(~172 13.7 66.5 4.7 3.2 13.9 66.3 4.5 3.0 
Me3SnC1 • L 108-110 25.8 54.8 5.3 3.0 25.3 54.3 5.1 3.2 
Ph3SnCI" 3/2L 129-131 15.3 69.5 4.9 2.7 15.1 69.2 4.6 2.6 



Inorganic tin and organotin derivatives of naphthol 

Table 3. Selected ~H NMR chemical shifts (ppm) for ligand and adducts 
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Compound 

6(OH) 6 ( C z N H )  

in C D C I 3  in DMSO-d~ in C D C I 3  in DMSO-d6 

L 15.82 13.76 9.40 9.85 
SnC12 • L " 15.83 b " 9.85 
SnCI4  • 2L " 15.82 ~' " 9.80 
MeSnCI3 • 2L " 15.83 h " 9.85 
PhSnCI3 • 2L " 15.82 h " 9.85 
Me2SnCI: • 2L 15.82 h 13.78 9.40 9.85 
Ph2SnC12 • 2L 15.83 h 13.76 9.40 9.85 
Me3SnC1 • L 15.82 ~' 13.75 9.40 9.85 
Ph3SnC1 • 3/2L 15.83 h 13.76 9.40 9.82 

"Insoluble. 
h Broadened. 

Table 4. M6ssbauer data for adducts (mm s ~) 

Compound 6 AE~ 

S n C I  2 • L 3.29 1.25 
SnCI~" 2L 0.34 - -  
MeSnC13 • 2L 0.93 2.01 
PhSnC13 • 2L 0.85 1.97 
Me2SnCI2 • 2L 1.54 3.77 
Ph2SnC12" 2L 1.33 3.63 
Me3SnCI • L 1.36 3.60 
Ph~SnCI" 3/2L 1.32 3.06 

There  were 4447 unique  da ta ,  o f  which 3648 sat- 
isfied the I > / 2 . 5 a ( I )  c r i te r ion  of  observabi l i ty  and 
were used in the subsequent  analysis.  The  s t ructure  
was solved by using S H E L X S 8 C  and  refined by a 
full ma t r ix  least  squares  p rocedure  based  on  F using 
SHELX76 .  9 All  n o n - h y d r o g e n  a t o m s  were refined 
with an i so t rop ic  the rmal  pa r ame te r s  and  hydrogen  
a toms  were inc luded in their  ideal ized pos i t ions  
( C - - H  = 0.96 A)  and  refined isot ropical ly .  A 
weight ing scheme o f  the form w = k/[~2(F)+gF 2] 
was used and  the ref inement  con t inued  to final 
R = 0 . 0 5 6 ,  R w = 0 . 0 5 9  for  k = 2 . 3 1 1 2  and  
g = 0.001428. The  analysis  o f  var iance  showed no 
special  features  and  the m a x i m u m  residual  e lect ron 
densi ty  peak  in the final difference m a p  was 0.87 e 
A-3 .  The  scat ter ing factors  for  all the a toms  were 
used as i nco rpo ra t ed  in SHELX76 .  Crys ta l  da t a  
and ref inement  pa rame te r s  are  summar ized  in 
Table  5 and  b o n d  lengths and  angles in Table  6. 
Lists o f  a tomic  coord ina tes ,  the rmal  pa rame te r s  
and  observed  and  ca lcu la ted  s t ructure  factors  have 
been depos i t ed  as supp l emen ta ry  mate r ia l  with the 

Table 5. Crystal data and details of structure refinement 
for Me3SnCI • L 

Formula C2~H24NOCISn 
Formula weight 460.64 
Crystal system monoclinic 
Space group P2~/c 
a (,~) 9.675(2) 
b (,~) 16.815(3) 
c (/k) 12.457(2) 
/~ ( )  94.87(1) 
V (~3) 2019(1) 
Z 4 
D x ( M g m  3) 1.515 
p (mm -~) 1.287 
F(000) 928 
R 0.056 
Rw 0.059 
w k/[cr 2 (Fo) +gF~,] 
k 2.3112 
g 0.001428 
(Ap) .... 0.87 (near tin atom) 

C a m b r i d g e  Crys t a l log raph ic  D a t a  Centre ,  f rom 
w h o m  copies are avai lab le  on request.  

RESULTS A N D  D I S C U S S I O N  

The molecu la r  s t ructure  o f  Me3SnCI 'L  der ived 
f rom the reac t ion  o f  Me3SnC1 and the l igand L in 
the neut ra l  form (Fig. 1) consists  o f  the l igand 
b o u n d  to the tin a t o m  in the t r imethy l t in ( IV)  chlor-  
ide moie ty  via the phenol ic  oxygen a tom.  A chlor ine  
a t o m  and  the phenol ic  oxygen o f  the l igand occupy  
the axial  posi t ions ,  whilst  the three methyl  g roups  
lie in the equa to r i a l  p lane  as r epor ted  for  chlo-  



1054 SIANG-GUAN TEOH et al. 

Table 6. Bond distances (~) and angles (°) with e.s.d.s in parentheses for non- 
hydrogen atoms 

CI(I)--Sn 
C(1)--Sn 
C(2)--Sn 
C(3)--Sn 
O(1)--Sn 
C(4)---O(1) 
C(5)--C(4) 
C(9)--C(4) 
C(6)--C(5) 
C(7)--C(6) 
C(8)--C(7) 
C(10)--C(7) 
C(9)--C(8) 
C(13)--C(8) 

C(1)--Sn--CI(1) 93.7(2) 
C(2)--Sn--CI(1) 94.9(2) 
C(3)--Sn--CI(1) 95.7(2) 
C(2)--Sn--C(1) 122.0(3) 
C(3)--Sn--C(1) 119.1 (3) 
C(3)--Sn--C(2) 116.8(3) 
O(1)--Sn--CI(I) 176.6(1) 
O(1)--Sn--C(1) 86.0(2) 
O(1)--Sn--C (2) 88.1 (2) 
O(1)--Sn--C(3) 81.5(2) 
C(4)--O(1)--Sn 131.3(4) 
C(5)--C(4)--O(1) 120.9(5) 
C(9)--C(4)--O(1) 121.6(5) 
C(9)--C(4)--C(5) 117.5(5) 
C(6)--C(5)--C(4) 121.6(5) 
C(7)--C(6)--C(5) 122.5(5) 
C(8)--C(7)--C(6) 119.5(5) 
C(10)--C(7)--C(6) 121.3(5) 
C(10)--C(7)--C(8) 119.1(6) 
C(9)--C(8)--C(7) 118.7(5) 
C(13)--C(8)--C(7) 118.1(5) 

2.494(2) C(14)--C(9) 1.381(8) 
2.112(7) C(I I)--C(10) 1.365(9) 
2.130(6) C(12)--C(11) 1.394(9) 
2.121(7) C(13)--C(12) 1.369(9) 
2.441(4) N(1)--C(14) 1.306(7) 
1.269(7) C(15)--N(1) 1.403(7) 
1.429(8) C(16)--C(15) 1.383(7) 
1.437(8) C(20)--C(15) 1.363(8) 
1.335(8) C(17)--C(16) 1.360(8) 
1.404(8) C(18)--C(17) 1.373(9) 
1.411(8) C(19)--C(18) 1.389(8) 
1.406(8) C(21)--C(18) 1.510(8) 
1.444(7) C(20)--C(19) 1.376(8) 
1.402(8) 

C(13)--C(8)--C(9) 123.2(5) 
C(8)--C(9)--C(4) 119.9(5) 
C(14)--C(9)--C(4) 118.8(5) 
C(14)--C(9)--C(8) 121.3(5) 
C(11)--C(10)--C(7) 121.8(6) 
C(12)--C(11)--C(10) 118.8(6) 
C(13)--C(12)--C(11) 120.9(6) 
C(12)--C(13)--C(8) 121.2(6) 
N(1)--C(14)--C(9) 125.7(5) 
C(I 5)--N(1)--C(14) 127.5(5) 
C(16)--C(15)--N(1) 123.7(5) 
C(20)--C(15)--N(1) 118.4(5) 
C(20)--C(15)--C(16) 117.8(5) 
C(17)--C(16)--C(15) 121.1(6) 
C(18)--C(17)--C(16) 121.8(5) 
C(19)--C(18)--C(17) 117.1(5) 
C(21)--C(18)--C(17) 121.6(6) 
C(21)--C(18)--C(19) 121.4(6) 
C(20)--C(19)--C(18) 121.0(6) 
C(19)--C(20)--C(15) 121.2(5) 

rotrimethyl{ 1-[(4-methoxyphenylimino)methyl]-2- 
naphthol} tin(IV).7 

The C--Sn--C angles between the three equa- 
torial methyl groups, C(2)--Sn--C(1) [122.0(3)°], 
C(3)--Sn--C(1) [119.1 (3)°], C(3)--Sn--C(2) 
[116.8(3) °] and the axial O(1)--Sn--CI(1) angle 
[176.6(1) °] show that the tin atom possesses a 
slightly distorted trigonal bipyramidal geometry. 
However, its Sn--CI(1) distance [2.494(2) A] is 
shorter than that reported in chlorotriphenyl{ 1-[(3- 
methylphenylimino)methyl] - 2 - phenol}tin(IV) 
[2.535(1) A]. l° 

As in the case of chlorotrimethyl{ 1-[(4-methoxy- 
phenylimino)methyl]-2-naphthol}tin(IV), the phe- 
nolic proton in the structure has migrated to the 
imine nitrogen atom via an intramolecular hydro- 
gen bond, which forms part of the stable six-mem- 
bered ring. 

The IR spectral data (Table 2) show that a band 
attributed to the presence of a ~ N  stretching 
vibration at 1618 cm -I in the free ligand is almost 
unchanged upon adduct formation. This obser- 
vation may be ascribed to the non-coordination of 
the imino nitrogen atom to the tin atom. However, 
a remarkable shift of this band is observed in the 
spectrum of the adduct obtained from the reaction 
of SnC12 with the ligand, indicating that the nitro- 
gen atom is involved in the coordination. A band 
which is assignable to the C--O stretching vibration 
at 1290 cm -I in the ligand is shifted to 1275-1290 
cm-l, coupled with deformation of O---H at 1295- 
1308 cm ' for all the adducts. Hence, all the adducts 
possess a unidentate Sn--O coordination mode, 
except the tin(II) adduct, which possesses bidentate 
Sn--O and Sn--N coordination modes. 

The 'H NMR spectra of the adducts were 
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cL ) 

0 l Sn(1) 
C ( 2 ~ , _ , q  ~.~l 

C(51 

C(IO) ' , C(8i i 
C ( 1 1 ) ~  3 ( 1 4 ~  " ~  "~ C(19) 
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0(12) ;- "~) 0(16)0~ 

[3 C(171 "~C1211 

Fig. 1. Molecular structure of chlorotrimethyl{1-[(4- 
methylphenylimino)methyl]-2-naphthol} tin(IV). 
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are readily attributed to tin(IV) octahedral 
complexes. ~9'2° In the case of  Ph2SnCI2" 2L, the X- 
ray structure of  which is known, 21 the smaller 6 
(1.33 m m  s -1) and AEQ (3.63 m m  s -1) values com- 
pared with those obtained for Me2SnC12" 2L may 
be ascribed to the electron withdrawing properties 
of  the phenyl group, resulting in the reduction of s 
electron density at the tin nucleus. Parish and Platt 22 
have reported that in octahedral R2SnX2"2L 
systems, the majority of  trans-R2 complexes possess 
5 greater than 1.2 mm s -1, whereas very few cis- 
R2 compounds exhibit 6 greater than 1.0 mm s -1. 
Hence, the structure of  the present R2SnC12" 2L is 
consistent with the trans R2 configuration. 
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