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Summary 

Several tin derivatives of the types, R2Sn(OR1)(ON=CR2R3) and R,Sn- 
(ON=CR2R3)* have been synthesized and a study made of their spectra and 
reactions. 

Introduction 

Trialkyltin oximates have been studied [l-4] extensively, but, there have 
been only two reports ]5,6] on diorganotin dioximates. We describe below 
the first systematic studies on diorganotin dioximates with a view: (i) to establish- 
ing the influence of the nature of organic groups attached to the imino’ carbon 
atom on the degree of the association of the oximate derivatives, (ii) to compar- 
ing the strength of sSn-0 bond in SSnUR with that in Sri-O-N=C:, 
and (iii) making a comparative study of the reactivity of multiple bonded 
acceptors towards dibutyltin diacetoximate. 

Results and discussion 

The following reactions were used for the synthesis of cliorganotin oximates: 

Bu,SnO + 2 HON=CMe, be~~~;9r~flU~ Bu2Sn(ON=CMe2)2 + Hz0 

Me2SnC12 f 2 NaOEt + 2 HON=CR2R3 “““,‘~.~ En9 

(1) 

Me,Sn(ON=CMe,), + 2 NaCl + 2 EtOH (2) 

(R’, R3 = Me, Me; Me, Ph) 

R2Sn(OR’)2 f n HON=CR2R3 benzrz; rnUT 

Bu2Sn(OR1),,(ON=CR2R3), + R R’OH (3) 

*Vice Chancellor. DelhiUniv&ty.Delbi-110007. 
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Properties 

The diorganotin dioxin&es (Table 2) and diorganotin (mono)oximate 
products (Table 3) are generally colourless (sometimes with reddish or greenish 
tinge) distillable liquids or sublimable so&As. All these new compounds are 
soluble in common organic solvents and are kghly susceptible to hydrolysis_ 
Most of them are monomeric in benzene except for R,Sn(OEt)(ON=CR2R3) 
and R2Sn(ON=CHMe)2), which are partly associated (molecular complexity: 
1.2-1.4). 

Chemical reactions 

The diorganotin diacetoximate were found to undergo codisproportio;-tion 
with dibutyltin dichloride readily: 

Bu,Sn(ON=CMe,), f Bu,SnCl, benzey;lllOOF 2 BuzSn(C1)(ON=CMe2) (4) 

The oximate group can be replaced readily by a number of reagents as 

TABLE 2 

SOME DIORGANOTIN DIOXIMATES 

Compound = B-p. 
<yield <%)) d <°ClmmHs) 

Atiysis (Found Mol. wt. 

(cakd-) (5)) (Found (calcd.)) 

Sn N 

Me2Sn(ON=CMe2)2 b 
<go) 
Me+x<ON=CMePh)Z 
(88) 
EtZSn<ON=CHMe)Z b 

(83) 
Et$n<ON=CMe& 

(82) 
Et2Sn<ON=CMeEth 

(75) 
Et2Sn<ON=CMePh)z 
(65) 
Bu+I<ON=CHM~~ 

(72) 
Bu2Sn(ON=CMe2)2 

(78) 
Bu$.Gn<ON=CMeEt)~ 
(72) 
Bu2Sn(ON=CHPh)2 

<68) 
Bu2Sn(ON=CMePhh - 
(70) 
Bu2Sn[ON=C(Me)CH2C112 

(58) 
BU2Sn[ON=C(Me)C6H&ll2 
(566) 
Bu2Sn[ON=C(Me)C6HqBr]2 

(60) 

SO/IO c 

110/1.5 

9016 = 

86 IO.4 

12410.4 

12810.2 

102JO.2 

108/0.2 

X48/1.5 

lSSlO.7 

191/2.5 

llO/O.3 

X6410.3 

18210.5 

- 

- 

- 

1.4858 

1.4930 

1.5520 

1.4845 

1.4738 

1.4762 

1.5250 

1.5220 

- 

1.5478 

1.5430 

40.50 9.48 298 
(40.51) (9.56) (293) 
28.43 6.64 422 

(28.46) (6.71) (417) 
40.48 9.48 390 

(40.52) (9.56) (293) 
36.93 8.64 326 

(36.98) (8.73) (321) 
33.96 7.90 352 

(34.00) (8.03) (349) 
26.63 6.18 440 

(26.66) (6.29) (445) 
33.96 7.96 408 

(34-00) (8.03) (349) 
31.40 7.35 380 

(31.47) (7.43) (377) 
29.27 6.85 410 

(29.29) (6.92) (405) 
25.06 5.87 476 

(25.08) (5.92) (473) 
23.66 5.49 506 

(23.68) <5.59) <50X) 
26.58 6.20 449 

(26.61) (6.28) (446) 
20.80 4.82 574 

(20.82) C4.91) <570) 
17.95 4.18 653 

(18.01) (4.25) (659) 

a All compounds are liquids unlessotherwise indicated. ’ White solids. c Sublimation temperature. d Yields 
refere to distilled or sublimed produets. 
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depicted below: 

Bu,Sn(ON=CMe& + Hacac neat; “,“O3 Bu&i(ON=CMe,)(acac) f HON=CMe2 

(5) 

Bq$n(OEt)(ON=CMe,) + HSPh G Bu,Sn(OEt)(SPh) + HON=CMe, (6) 

Bu#njO-i-Pr)(ON=CMez) + (MeCO),O cs 

Bu,Sn(O-i-Pr)(OCOMe) + MeCOON=CMe, (7) 

Reactions 6 and 7 indicate tkat the iminoxy group is replaced more readify tkan 
the alkoxy group. 

The tin-oxygen bond of tke compound Bu,Sn(ON=CMe,), undergoes 
addition reactions witk suitable muItiply bonded acceptor molecules (A=B): 

Bu,Sn(ON=CMe,), f n A=B neat* room temp,: 

BuzSn(ABON=CMez),(ON=CMe,)t-~ (8) 

(A = B = CCI&HO, PkNCO, NpNCO; R = 1 or 2) 

The reactivity of the multiply-bonded electrophiles decreases in the order 
CCl&HO > PhNCO > NpNCO > PkNCS, wkick parallels the order reported by 
earlier workers [7]. 

Infrared spectra 

The assignments in the spectra of diorganotin dioximates and (mono)oximate 
products R2Sn(X)(ON=CR2R3) (where X = OR’, Cl: MeCOO or SPh), can be 

0 
made by dividing tke molecule into separate parts, i-e_, the B.&i/ 

\x 
frame-work, 

‘X’ and 0N=CR2R3 systems. Dimctkyltin diacetoximate shows absorptions at 
59.2, ~as(§n-O); 570, vas(Sn-C); 530, v,(Sn-C) and 512 cm-‘, v,(Sn-O), which 
can be ascribed [S-lo] to the vibrations of the Me2SnOz moiety. Tke bands 
ckaracteristic of Et,SnO, moiety [9-121 were observed at 675 t 5, p(Sn- Et); 
602-565, v,,(Sn-O); 535-520, ~,s(Sn-C); 490 f 5, v,(Sn-C) and 468 f 3, 
v,(Sn--0); and those characteristic of BuzSn02 moiety [g--14] in the regions: 
715-660, @n-H2 gauche); 675-640, (Sn-CHz tram); 608-5’70, v,fSn-O) + 
y,(Sn--C); 520-5.04, v,(Sn-C) and 490-465 cm-‘, v,(Sn-O). 

In the derivatives, R2Sn(OR1)(ON=CR2R3), Bu,Sn(Cl)(ON=CMe,), Bu2Sn- 
(acac)(ON=CMe,), BuzSn(OEt)(SPk), B~*Sn~O-i-~)(COOMe~, absorptions 
ckaracteristic [10,14-171 of C--O(alkoxy) Sn-CI, G-0, Sn-S, C=O (acetoxy) 
appear at 1065-1050,330,1616-1580,340,1590--1550 cm-‘, respectively_ 

Tke presence of oximate groups in the derivatives is ~“haracterized [18- 201 
‘by bands in the region: 1660-1600 cm-‘, v(C=N) and 965-910 cm-‘, Y(N--O) 
t201. 
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Some significant features of the infrared spectra are: (i) the appearance of 
two peaks in the C=N region, one at 1620-1600 cm-’ (Y(C=N) bridging) and 
another at 1660-1640 cm-’ (v(C=N) terminal) in the derivatives of the type 
R2Sn(ON=CHMe)2, is indicative of the dimeric nature of derivatives having 
SnONSnON bridges. It is noteworthy that although the derivatives R*Sn(ON= 
CMe& are monomeric in refluxing benzene, they exhibit two peaks in the 
C=N stretching region which is indicative of a tendency of association in 
liquid or solid state, (ii) the appearance of two peaks assignable to the C=N 
stretching frequency in derivatives of the type R,Sn(OEt)(ON=CR*R”) points 
to an equilibrium of the type: 

\c’ 

II 
R,Sn(OEtl (ON=C$R3) F (Et01 R,Sn /” NhSnR (OEt) 

\N-0’ 2 

\ Ho\ 
( ,C=NO)R2Sny , SnR$ON=C< ) 

0 
Et 

Proton magnetic resonance spectra 

PMR spectral data (‘T; (ppm), TMS) of these new derivatives exhibited the 
expected signals characteristic of organotin and oximate moieties (Table l), 
and some significant features are described below: 

(i) The “gSn-CH3 coupling constant o_ f -72 Hz observed in the derivative 
MezSn(ON=CMe& is in the expected range for trigonal-bipyramidal systems 
[21,22]. However, in all the other dioximate derivatives the observed coupling 
constant w-59 Hz is :indicative of a tetrahedral structure [23]. 

(ii) Two doublets centered at 7.85 (J 6 Hz) and 7.72 (J 6 Hz) in the deriva- 
tive Et,Sn(ON=CHMe), are presumably due to terminal and bridging iminoxy 
groups, resulting from the dimeric structure. The axomethine protons appear 
as two poorly resolved quartets in the regions 3.30-2.80 and 2.80-2.30 due 
to syn and canti isomers. 

Experimental 

Precautions were taken to exclude moisture during the reactions. Solvents 
and starting materials were dried by conventional techniques. Diorganotin 
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dialkoxides [24,25] and oximes 1261 were prepared by literature methods. 
Analytical and insrtumental procedures were as described previously [27,28]. 

Preparation tif dialkyltin dioximates 
Representative examples of preparative procedures (eq. l-3) are given below: 

Further details are in Tables 2 and 3. 
(1) A mixture of dibutyltin oxide (6.70 g, 26.92 mmol) and acetoxime 

(3.94 g, 26.95 mmol) in benzene (ca. 40 ml) was refluxed and the binary 
azeotrope of benzene/water was slowly fractionated out (12 h). After removal 
of benzene, the resultant colourless liquid on distillation under reduced pressure 
gave Bu$Sn(ON=CMe& (Yield: 70%) (Table 2). 

(2) To a benzene solution of sodium ethoxide, prepared by dissolving metallic 
sodium (0.57 g, 24.78 mmol) in the minimum quantity of ethanol, acetoxfme 
(1.80 g, 24.62 mmol) was added, followed by a benzene solution of dimethyl- 
tin dichloride (2.71 g, 12.33 mmol). The mixture was refluxed for 10 h. After 
removal of solvents under reduced pressure, the residual mass on sublimation 
yielded Me&r(ON.=CMe,), (Table 2). 

(3) Methylethylketoxime (0.51 g, 5.86 mmol) was added to dibutyltin diiso- 
propoxide (1.03 g, 2.93 mmol) in benzene (80 ml). The mixture was refluxed 

TABLE 3 

SOME DIOILGANOTIN (MONO)OXIMATES 

Compound = 

(Yield (5)) b 
B-p. 
(OClmmHg) 

26 
nD 

Et2Sn(OEt)(ON=CMrH) 

(80) 
Et-$3n(OEt)(ON=CMe2) 

(78) 
BuZSn(OEt)(ON=CMeH) 
(76) 
Bu+n(OEt)(ON=CMe2) 

(70) 
Bu#n(O-i-Pr)(ON=CMQ 

(SW 
BuzSn(O-i-Pr)(ON=CMeEt) 
(75) 
Bu$W(O-i-Pr)<ON=CHPh) 

(66) 
Bu#n<O-i-Pr)(ON=CMePH) 
(72) 
Bu2Sn(Cl)(ONBCMep) c 

BI@n(acac)(ON=CMe2) 

Bu2Sn(OBt)(SPh) d 

Bu$Zn(O+Pr)(OCOMe) e 

86 IO.6 

11611.2 

13oj3.0 

128/2.0 

103 IO.4 

135/1.5 

164/O-S 

182~1.0 

102/0.2 

118lO.3 

16Oll.O 

105/0.6 

1.4982 

1.5172 

1.4782 

1.4534 

1.4750 

- 

1.5250 

1.5220 

- 

- 

- 

- 

Analysis (Found 

(cab%) (S)) 

Su 

42.36 

(42.40) 
40.36 

(40.38) 
35.30 

(35.32) 
33.89 

(33.90) 
32.58 

(32.60) 
31.36 

(31.39) 
28.76 

(28.80) 
27.82 

(27.85) 
34.82 

(34.86) 
29.34 

(29.38) 
30.64 

(30.66 j 
33.79 

(33.81) 

N 

4.90 
(5.00) 
4.68 

(4.76) 
3.96 

(4.17) 
3.91 

(4.00) 
3.75 

(3.86) 
3.59 

(3.70) 
3.32 

(3.40) 
3.21 

(3.29) 
3.96 

(4.11) 
3.38 

(3.47) 
- 

0.43 
- 

Mol. wt. 
(Found 
<C&XL) 

397 

(289) 
372 

(294) 
445 

(336) 
423 

(350) 
369 

(364) 
389 

(378) 
424 

(412) 
434 

(426) 
- 

- 

- 

= All compouuds are Iiquids. b Yields refer to distilled products. c % Cl in the compound, Found: 10.36: 
calcd. 10.4’L. d 46 S in the compound. Found: 8.22: c&xl.: 8.28. e White solid. 
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with continuous fractionation out-of the benzene-isopropanol azeotrope (i-PrOH 
found: 0.33 g, calcd. for two moles: 0.35 g) for about 5 h. Removal of the 
solvent, followed by distillation under reduced pressure, gave BupSn(ON=CMeEt)l 
(Table 2). 

When the above reactions, were carried out with l/l molar ratios, the mono- 
alkoxy (mono)oximate products were obtained (Table 3). 

Reactions of dibutyltin diacetoximate with (i) dibutyitin dichloride and (ii! 
acetylacetone 

(i) A mixture cf Bu,Sn(ON=CMe,), (l-09 g, 2.89 mmol) dibutyltin dichloride 
(0.88 g, 2.90 mmol) and benzene (ca. 10 ml) was heated for 4 h at 110°C. After 
removal of the solvent, the residual liquid was distilled under reduced pressure 
to yield Bu,Sn(Cl)(ON=CMe,) (Table 3). 

(ii) Dibutyltin diacetoximate (1.04 g, 2.76 mmol) and acetylacetone (0.27 g, 
2.70 mmol) were heated together at 80-9O”C for 6 h. Distillation afforded 
acetoxime, b-p. 135°C (identified by IR and PMR spectroscopy), and Bu,Sn- 
(acac) (ON=CMea) (Table 3). 

Reactions of(i) dibutyltin (ethoxy)acetoximate with thiophenol and of (ii) 
dibutyitin (isopropoxy)acetoximate with acetic anhydride 

(i) Thiophenol(l.00 g, 9.09 mmol) was added to Bu,Sn(OEt)(ON=CMe,) 
(3.30 g, 9.06 mmol) in carbon tetrachloride (ca. 10 ml). The mixture was 
refluxed for about 7 h_ Removal of the solvent followed by distillation under 
reduced pressure afforded the acetoxime (identified by IR and PMR spectra) 
and Bu,Sn(OEt)(SPh) (Table 3). 

(ii) An exothermic reaction was observed when acetic anhydride (0.61 g, 
5.98 mmoi) was added to a carbon tetrachloride solution of B@n(O-i-Pr)- 
(ON=CMe,) (2.20 g, 6.04 mmol). The mixture was refluxed at 100°C for 12 h. 
Removal of the solvent followed by distillation under reduced pressure gave a 
colourless liquid, 0-oxime ester (identified by elemental analyses and IR spec- 
troscopy) and a white solid Bu,Sn(O-i-Pr)(OCOMe) (Table 3). 

_Prepara tion of insertion products 
On mixing dibutyltin diacetoximate and an organic electrophile in equimolar 

quantitites at room temperature reaction took place immediately and exo- 
thermally with Ccl&HO, PhNCO and NpNCO to give l/l insertion products 
(monitored by IR spectroscopy). Formation of l/2 adducts (see Table 4) 
required varying periods of time (CCl&HO, 5 min; PhNCO, 24 h; NpNCO, 5 
days). However, PhNCS did not react (in l/l or l/2 ratios) with dibutyltin 
diacetoximate during one week at room temperature. 
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