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Abstract 

A series of adducts resulting from the coordinative interaction of RSnCI,, R,SnCIZ and R,SnCI (R = Me and Ph) with 

I-[(4-methoxyphenylimino)methyl]-2.naphthol have been made. An X-ray crystal structural study of the trimethyltin(IV) derivative 

has been carried out, and IR, NMR, and Mossbauer data for the various are reported. All the adducts involve Sn-0 coordination. 

1. Introduction 

The reactions of salicylideneimine and 2-hydroxy-l- 
naphthalideneimine with appropriate tin compounds 
under neutral conditions have been shown to give 1 : 1 
or 1: 2 (tin : ligand) adducts depending on the steric or 
electronic features of both the tin compound or the 
ligand [l-11]. X-ray structural studies on these adducts 
have revealed monodentate Sn-0 coordination even 
though the ligand contains both a phenolic 0 and an 
imino N donor atom [2,6,8,9,11] and so is potentially 
bidentate. We recently investigated the electron donat- 
ing effect of a methyl group on the tin atom by treating 
trimethyltin chloride with 1-[(4_methoxyphenylimi- 
no)methyl]-2-naphthol [lo]. The adduct thus obtained 
exhibited 1 : 1 stoichiometry even though steric hin- 
drance at the central tin atom is minimal. In this paper 
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we report the synthesis and characterization of a series 
of adducts derived from the reactions of organotin(IV) 
chloride with I-[(4-methoxyphenylimino)methyl]-2- 
naphthol. An x-ray structural study has been carried 
out on chlorotrimethyl{l-[(4-methoxyphenyliminoj- 
methyl]-2-naphthol}tin(IV). 

2. Experimental details 

p-Methoxyaniline and 2-hydroxy-1-naphthaldehyde 
were purchased from Fluka Chemie AG. All organ- 
otin(IV) chlorides were obtained from the Aldrich 
Chemical Company. 

Microanalyses were carried out at Universiti Sains 
Malaysia. The IR spectra were recorded for KBr discs 
on a Beckman IR 20A spectrophotometer in the fre- 
quency range 4000-250 cm-‘. The ‘H NMR spectra 
were recorded on a Bruker AC-P 300 MHz NMR 
spectrometer; CDCl,-d, and DMSO-d, were used as 
the solvent, with TMS as internal standard. Mossbauer 
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spectra were recorded on a constant-acceleration mi- 
croprocessing spectrometer with Ca “““‘SnO, as the 

source. The samples were compressed ah Pcrspcx discs 
and cooled to 80 K. 

2.1. Synthesi.~ of the ligud, I-/ (3-mctho.~~l,lltJ~l),l- 

in~ino~meth~l~-2-r~uphthol. /HO(‘,,j H,,(‘H : NC‘, H,- 

OC’II,, I (I) 
A solution of p-methoxyaniline ( 11.3 g. 0.1 mo!) in a 

mixture of dichloromethanc and 05”; cthano! was 
added to one of ?-hydroxy- 1 -napht haldehyde ( 17.3 g. 

0.1 mo!) in the same solvent mixture. The mixture was 
then left standing at 0°C’. and a yellowish precipitate 
was formed. This \\:;Is filtered off and recrystallized 
from dichloromcthane: m.p. I()(,-- I OXY‘. Anal. Found: 

C, 77.21: H, 5.30; N. 5.01ci. Calc. for C‘,,H ,,NO,: C’. 
77.95: H, 5.46; N. 5.05’;,. IR: v(C’=N! 1612 cm ‘: 
v(C-0) 1200 cm ‘. ‘H NMR: ti(OH. CDC!.;-(/, 1 13.87: 
G(CH=N. CDCI.,-tl, 1 0.40 ppm. i%(‘H=N. DMSO-d,,) 
0.80 ppm. 

2.2. Synthecis of’ the ndd.4ct.s 2-6 

A solution of methyltin trichloridc (0.77 ml. 3 mmo!) 
in dichloromcthanc was treated with one of I (I .66 g, (3 
mmo!) in the same solvent. The mixture was stirred. 
and a yellowish solid separated: m.p. 350°C’. Anal: 
Found: C. 55.87; H, 4.3; N, 3.32; Sn. 14.87’ i Calc. for 
Cj,H33N70JC!jSn: C’, 55.92; H, 4.19: N, 3.51; Sn, 
14.94%. IR: v(C=N) 1630 cm ‘: I’((:-(~) 1.108. 1380 

cm ‘; v(Sn-0) 540 cm ’ ‘H NMR: (S(CH=N. DMSO- 
u’,,) 9.80 ppm. Miissbauer: (5 O.r)i; (-II?(,) 2.1s mm s I. 

This complex was made in the manner described for 
the preparation of 2. Phenyltin trichloridc (0.5 ml. 3 
mmo!) was added to 1 (I .66 g. 6 mmo!). The yellow to 

red solid separated upon stirring. M.p. ?i;o”(‘. Anal: 
Found: C, 58.25; H, 3.05; N, 3.10: Sn. 13.hhG. (.Ya!c. for 
C,,H,5NI0,CI,Sn: C’, 58.88; H. -1.13; N, 3.27: Sn. 
13.85%. IK: v(C=N) 1670 cm ‘: v(C-0) 1205. 1275 
cm-‘; v(Sn-0) 515 cm ‘. ‘H NMR: #CH=N. DMSO- 
cl,,) 9.80 ppm. 

A solution of I (I.hh g, h mmol) in dichloromethane 
was reacted with dimethyltin dichloride (O.hh g. .3 mmo!) 

which had carlicr dissolved in the same solvent. The 
mixture was stirred \? hereh!, the yellow to red solid ~c’as 
formed. M.p. 16X- 170”~‘. Anal: Found: C, 58.55: I I. 

4.62: N. 3.52: Sn. 1.5.92’;. C’alc. for C‘:,H ;,,N,O,Ci ,Sn: 
(‘, 58.93: IH. 1.70; N. 3.62: Sn, 15.33”;. IK: I/(?=N) i620 

c Ill ‘: rdC‘-(1) 1314. 13 cm i: r4S1i-01 33X cm !, 
‘H NMK: ii(Ol-1, (‘D(‘! ,-rl,) 15.83: Fj(CH=N. (‘DC!,-rl, ) 
9.40 ppm. Mksbauer: B I .35: (-\E,,) 4.37 mm s ‘, 

The procedure wa> similar with that deacribcd f’o~ 
preparation of J Jliphcnyltin dichloride (I.03 g. 3 
mmo!) wa5 treated with the ligand 1 ( l.hh g, 0 nimo!). 
and the yc!lo\% to ret! cI)3tala wcrc otlraincd upon 
stancling at rclom tt‘mperaturc. M.p. 15% 1Wc’. Anal: 
I*“ound: C. h3.04: H. ,1.43: N. 3.00: Sn. 17.90’; Calc. I’01 

C‘,,H,4;,N,0~,C‘! .Sn: (‘. h1.17: !-I. 4.50: N. 3.113: Sn. 

13.21ri. iK: A(.=N) 1015 ~111 !: ~((‘-0) 1301, I780 

cm ‘: dSIl-0) 5% cm ‘. ‘H NMR: ;i(Ot!. CL)(‘I,-rl,) 
13.85: f((‘fH=N. Cl)<‘1 ;-tl! ) 0.10 ppm. Miixahauor: (5 
1.33; (AE,,) 3.80 mm \ 

1 

This synthesis \+a~ carried out by adding a solution 
of trimcthyltin chloride (0.00 g. 3 mmo!) in 
dichloromethanc: to 011c of 1 (I .6h g. 3 mmol) in the 
same solvent. The mixture was stirred under nitrogen 

at room tcmpcraturc and then kept o\crnight. to gibe 

yellowish crystals. b1.p. iifh--!OX‘C. Anal: Found: C. 

53.07; H. 4.95: N. ?.oR; Sn. 2’.02~i (‘ale. for 

(‘:, H 33 NOC’ISn: <‘. S?.V_l; I I. 5.W: N. 11.94; Sn. 11.01~~; 
Iit l,(C’=N) ih?() CIJl ‘: fdC-0) 1300, I?80 cm ‘; 
v(Sn-0) 53-J cm ‘, ‘H NMR: S(OH. C‘IIC’I ;-(1,) 13.85: 

8(CH=N. C’DC‘I ;-tl, ) ~).3!) ppm. M~issbauer: (5 I .-1O: 
(_lk.(,) 3.52 mtn s ‘. 

lntcnsity data for a crystal with dimensions 0.5 X 0.3 

X 0.2 mm ’ wcrc mcasurcd at room temperature on ;I 

Syntex P2, cliffractomctcr using grap$ite lJlOIlOchr~~- 

mated Mo Ktu radiation. ,4 =r 0.7lOW A. A Hj?H scan 

wx used to give a total of‘ WW reflections with N,,,,,, :z 

3”. Correcticms were applied for Lorcntz and polariza- 

tion cffccis hut not for absorption. ‘l‘hcrc bvcre .?hh7 
unique data, (of which 3565 \:ttisfieti the I> 3.5t~( 1) 

criterion 01’ ohser~ahilit~ .tnd ucrt: uxcd in the subse- 
quent analysis. ‘l‘hc structure has ~lved by using 

sfff I ‘\sSb iI31 anct rclincd !7! 21 full nialrk Icast squares 

procctiurC hacd on P t.t4ing stlt.1 x31 [ 131. A!! non-hy- 
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TABLE 1. Crystal data and details of structure refinement for 

(CH,)$nCI~2HOC,,,H,CH:NC,H,0CH3 

Formula 

Formula weight 

Crystal system 

Space group 

a 6) 

b 6) 

c (A, 
p (“) 

v (2) 
7 

L 

0, (g cm-‘) 

F(000) 
K (mm-') 
Data collected 

Unique data 

Data with I > 2.5 (T(I) 

R 

RW 

L 

g 

CAP),,, (e A -3) 

C,,H,,NO,CISn 
476.6 

p2, /n 
10.882(2) 

16.332(3) 

12.158(2) 

105.55(2) 

2081(l) 

4 

1.521 

960 

1.370 

3698 

3667 

3565 

0.064 

0.062 

k/[u2(F,,)+ gF,21 
1 

0.08 

0.72 (near Sn atom) 

drogen atoms were refined with anisotropic thermal 
parameters and hydrogen atoms owere included in their 
idealized positions (C-H = 0.96 A) and refined isotrop- 

TABLE 2. Atomic coordinates (X 104) and B,, (A2) values for 

non-hydrogen atoms with e.s.d values in parentheses 

Sn 

Cl(l) 

O(1) 

cc911 

C(92) 
C(93) 

C(2) 

C(3) 

C(4) 

C(5) 

C(6) 

C(1) 

C(7) 

C(8) 

C(9) 

C(lO) 

C(11) 
C(13) 

C(14) 

C(15) 

C(16) 

C(17) 

C(l2) 

C(18) 

N(1) 

O(2) 

x 

2657(5) 

1542W 

2122(5) 

2862(6) 

206(4) 

3374(6) 

182(7) 

- 670(7) 

- 941(7) 

-360(l) 

492(l) 

763(l) 

- 1856(9) 

- 2260(g) 

- 1679(3) 

- 849(3) 

1176(4) 

2894f4) 

3695f4) 

4323(4) 

4150(4) 

3350(4) 

2722(4) 

5694(9) 

1973(4) 

5138(3) 

2261(4) 

Y 

139(2) 

23Of3) 

1137(l) 

1518(l) 

1552(4) 

- 704(3) 

- 1359(3) 

- 1814(3) 

- 1615(3) 

- 960(3) 

- 504(3) 

- 2443(6) 

- 2913(3) 

- 2766(9) 

- 2105(6) 

- 796(g) 

- 631(9) 
- 444(9) 

308(9) 

874(9) 

688(9) 

- 64(9) 

1167(l) 

- 209(3) 

395(9) 

z 

3814(2) 

5283(6) 

2353(4) 

5024(2) 

3375(l) 

2888(6) 

306(x3) 

2910(3) 

1903(3) 

1046(3) 

1195(3) 

2202(3) 

1776(4) 

827(2) 

- 58(9) 

3(x3) 
373(5) 

- 1113(9) 

- 1803(9) 

- 1688(11) 

- 883(9) 

- 194fll) 

- 309fll) 

- 2443(3) 

444(9) 

- 2356(6) 

B a 
=I 

4.07 

6.88 

3.64 

7.98 

6.76 

4.30 

5.57 

4.43 

3.98 

2.91 

3.30 

7.92 

3.86 

9.86 

6.12 

4.90 

1.75 

3.19 
3.16 

5.05 

2.57 

5.16 

4.34 

5.13 

3.35 
5.11 

a B,, = 87r2WI, + uzi,, + U,,)/3. 

ically. A weighting scheme of the form w = k/[a2(F> 
+ gF2] was used, and the refinement continued to final 
R = 0.064, R, = 0.062 for k = 1 and g = 0.08. The 
analysis of variance showed no special features and the 
maximum residual electron0 density peak in the final 
difference map was 0.72 e A-‘. The scattering factors 
for all the atoms were used as incorporated in SHELX~~. 
Crystal data and refinement parameters are summa- 
rized in Table 1. Fractional atomic coordinates are 
listed in Table 2 and bond lengths and angles in Table 

3. Additional data, including hydrogen atom coordi- 
nates, anisotropic temperature factors, and a list of 
observed and calculated structure factors are available 
from the authors. 

3. Result and discussion 

The molecular structure of Me,SnCl . [HOCloH6- 
CH : NC,H,0CH3] (61, depicted in Fig. 1, shows that it 
is monomeric, with the phenolic oxygen atom of the 
ligand and the Cl atom occupying the axial positions 
and the three methyl groups lying in the equatorial 
plane. 

The 0-Sn-Cl angle 176.5(6)0 shows a slightly dis- 
torted trigonal bipyramidal geometry around the tin 
atom. The C-Sn-C angles between the three methyl 
groups are 123.8(7), 115.0(8) and 120.7(9)“. The Sn-Cl 
distance 2.519(6) A is slightly greater than that in 

Fig 1. Molecular structure and atom numbering scheme for Me,SnCl 

.[HOC,,,H,CH:NC,H,OCH,]. 



LilY(h) 

7..XM7) 

?.OY1(‘)) 
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2.ow I ) 

1.3il(i) 

l .i’i(O) 

I .3WO) 

i..1Yito) 

1 .iUi(~l) 

L-ii l(il) 

I iWl1) 

I .35S(ij 

I .3’)‘(O) 

l?O.i!i,I 

Y7.O(li) 

YO.9~ v 1 

SO.l(Y~ 

<Sr;.l(r;l 

123.X(7) 

‘M.Y(6) 

84.310) 

I l5.0(8) 

1’(1.7(7) 

l.i’.7(~1) 

1311.0(O) 

120.0(O) 

110.0~0) 

II 7.X0) 

I21 I(h) 

I30.1KO) 

I l?.l(O) 

I ?7.(I(h) 

llli.il(O) 

171).5(7l 

chlorotriphenyl(l-[(4-methylphenyl-imino~methyl]-~- 

naphthol}tin(IV) 2.481(2) A [9]. This may hc due to the 

electron rclcasing properties of the methyl group, which 

raises the electron density on the Sn atom causing 

elongation of the Sn--Cl bond. 

A noteworthy fcat~~rc of the structure IS chat the 

phcnolic proton has migrated to the imint: N atom. as 

in the cast of chlorotriphenyl{l-[(4-tnethylphcnql-im- 

ino)methyl]-2-naplitholJtin(IV) [‘I] ;tncl dichloro{ I-[(4- 
n~ethoxyphcnylimino~-methyl]-?-naphthol}~ii~~~~~nyltin~1V~ 

[l41. 

The Miissbauer data (see experimental section) 

shows the n’ value for 6 to hc within the range 1,3X- 1.33 
mm s ’ reported for similar Sn”’ cornplcxs [ 15. if,]. 
The large JIY,, value (3.52 mm 4 ‘) ohscr\~ccl l’or 6 i\ 

consistent with trigonal hipyramidal xtructurc. a4 pro- 

posed by Hill and cowokrs [lb]. 
The infrared spectral data show that the hand at 

lb15 cm ’ characteristic of the C=N stretching vibra- 

tion in the free ligand 1 is in almc?st the same position 

in the spectra of adducts 2-.6. This observation is 

consistent with the al~sence of cocdination of the 

imino N atom to the tin xtom. A hand assignable to the 

C-0 stretching vibration at 1700 cm ! in the ligand is 

shiftctl to I ?60- I X0 cm I. in the adclnctx. anct thcrc is 

tieformation (if the 0-I-i band ai I?00 cm ’ [I.171 in 

all calrch. Thus, the prcaence of Sn--0 coordination 

mode, similar IO !hal in 2. may tx infcrrccl for a&lucks 

J--6. 

In view of the diftcrcncc\ in \oluhility of the adducts. 

the ‘H NMK spectra of the adducts ;tnd iigand wcrc 

ckiined in &fi‘orcnt xdvcnts. i’ldciucts 1--6 dissolve 

easily in cieutcrateii chlorol’orm whereas adducts 2 and 

3 arc only soluble in DMSC-tl,,. The ’ 13 NMK spec- 

trum for the ligancl show4 that the signal assigned to 

the azomcthinc proton at 0.10 ppm (in (‘IX’1 :) and 

9.80 ppm (in DMSO-ti,.) remains unaltcrcd in xklucts 

2-6. furthc>r confirming the abscncc of coordination of 

the imino N atom to the tin atom. 
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