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A series of tributyl- (or triphenyl-) stannylamidoximes, R(H,N)C=NO - SnR’3 
(where R = Me, Et, Pr or Ph and R’ = Bu or Ph) were prepared by the reaction 
of tributyl- or triphenyl-tin isopropcxide with amidoximes. Trimethylstannyl 
derivatives of amidoximes were prepared from the reaction of trimethyltin 
chloride with amidoxirnes in the presence of an equimolar amount of sodium 
or potassium alkoxide. TXbutylstannyl amidoximes were prepared from a 
mixture of bis(tibutyltin) oxide and amidoxime in a l/2 molar ratio. 

Introduction 

The literature contains otiy one reference to alkyltin amidoximes , viz. a 
patent report [l] which described the use of the products of the reactions of 
alkyl- (or aryl-) tin oxides with amidoximes, R(HzN)eNOH, as stabilizers for 
polyvinyl chloride. However, the chemistry of alkyltin(IV) derivatives con- 
taining ligands with nitrogen and oxygen atoms has been a subject of much 
interest [ 2]_ In view of the interesting features noted during studies of the 
alkylsilicon derivatives of amidoximes [ 3-61 extending the investigations to 
tialkyltin(IV) compounds seemed worthwhile. 

Results and discussion 

In the present investigation, some trialkyl- and triphenyl-tin derivatives of 
amidoximes have been prepared by the reactions of trialkyltin chlorides, tri- 
alkyl- and lziphenyl-tin isopropoxides and bis(&ibutyltin) oxide with amidox- 
imes. Reactions of tributyltin chloride, Bu&Cl, with amidoximes in equimolar 

* Fart of this work has been presented at the First International Symposium on Organic Chemistry of 
Ge.. SB and Pb. bfarseille. France. 1974. 

l * Rent address: Chemistry Department. Georgia Institute of Technology. Atlanta. Georgia 30332. 
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_. ratio, inthepresende of triethylamine~weie very slow, and were not complete 
even after 20 h ~rSb&&. .The sodium,salt of-benzainidoxime reacted readily 
@th trib.ut$ltin chloride at i-o&xi tempetiture to give O-tributjrlstannylbeii- 
zamido~me,~Ph(H2N)CN~SnBu3 (eq. 1). 

N-6Na 

.hCJY KNH2 + a%SnC1 y-- 
//N-oSnBu3 

PhC 

\ .+ NaC! (‘) 
NH2 

Tripheiyl- and tributyl-&nnylamidoximes were mainly synthesized by the 
reactions of triphenyl- and tributyl-tin isopropoxides with amidoximes in 

-‘equimolar proportion in refluxing benzene (eq. 2). 

HN-OH 
4- R;SnOPr-i 

/N-osnRG 
RC,NH 

Rc\,H 

-I- i-PrOH t (2) 

2 2 

(I) 

(R. = Me.Et.Pr or Ph and R’ = Bu or Ph) 

Tlxi progress of the reactions was followed by estimating isopropanol frac- 
tionated’out azeotropically with benzene. The reactions are complete within 
3--5 h; 

In.vieti of the difficulties in isolating trimethyltin isopropoxide, O-tri- 
methyl stannylamidoximes were prepared by treatment of trimethyltin chlo- 
ride with amidoximes in the presence of an equimolar amount of sodium or 
potassium alkoxide. 

//N-cc! JN-oSnMe3 + EtOH •i- KC1 (3) RC, i MejSnCl t KOEt - RC 

rJHZ ‘,a, 

. . . 
tR = Me. E:.?r or Ph) 

The.product of type I with R = Ph and R’ = Bu was also been prepared by 
azeotropic removal of water with benzene from a mixture of bis(tributyltin) 
oxide and benzamidoxide in l/2 molar ratio (eq. 4). This method offers an 

/,-OH 
2 PhC f (Bu3Sn),0 

//N-oSnBu3 + 
- 2 PhC 

H o 

\,,, 

2 
(4) 

\,,, 
. 

alternative routefor the synthesis of O-trialkylstam&amidoximes. 
The properties of O-trlalkylstannylamidoximes are summarized in Table 1. 

0-T&phenylstannylamidoximes are white solids; they are insoluble in most of 
the common organic solvents such as benzene, chloroform, carbon tetrachloride, 
n-he&e, and &ydohexane~et‘c.~~and so their molecular weights could not. be 
determined. They could be sublimed under reduced pressure in poor yields 



(= 30-4075). 0-Trimethylstannylamidoximes are white solids, except for tri- 
methylstannylbenzamidoxime, Ph(H2N)C=N-OSnMe3, which is a highly vis- 
cous liquid; they could be volatilised under reduced pressure. The molecular 
weights in refluxing benzene lie between those expected for the dimer and 
monomer. 

Tributylstannylamidoximes, R(H2N)C=N-OSnBu3 are colourless liquids, 
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monomeric in refluxing benzene. Except for the derivative of benzamidoxime, 
they decomposed on attempted distillation under reduced pressure (0.1 mmHg) 
at a bath temperature of ca. 180°C; the major product of the decomposition 
was identified as bis(tributyltin)oxid&, (Bu$n),O, and in some cases the nitrile 
and ammonia were also detected. With tributylstannylbenzamidoxime, 
Ph(H2N)C=N-OSnBu3, however, thermal disproportionation occurred and 
the fractions’obtained by distillation were shownto be mono- (I), his- (II), 
and tris(tributylstannyl)benzamidoximes (III) (eq. 5). 

PhCNN-OSnBq 

I' 'Nli2 

PhCflN-os"Bu3 

,/_ 

;/,I ; 

(iI 

"( 

Ph,// 

N-OSnBu3 

\ 
‘,!-I + 

other products (5) 

NH2 
\ 

- SllBUj 

(II) 

//N-oSnBu3 
// 

PhC 
\ 

‘N(SnBu,), 

Similar thermal disproportionation was observed by Mehrotra et al. [ 71 in the 
case of tributyltin aminoalkoxide, Bu3SnOCH,CH,NH2. 

Attempted preparations of N,O-bis(tibutylstannyl)amidoximes, 
R(BuJSnNH)C=NN--OSnBu3, by treatment of tributyltin isopropoxide with 
amidoximes in 2/l molar ratio always resulted in mono-products (I) even when 
the mixtures were refluxed for longer times (ca. 20 h) in benzene. Attempted 
preparation of bis-compound through the lithium derivative of the mono-prod- 
uct, R(LiNH)C=N-OSnBu3, was frustrated by cleavage of the Sn-0 bond, 
which led to Bu4Sn and an unidentified product. 

However, N,O-bis(tributylstannyl)benzamidoxime (II; R = Ph) was prepared 
by a transamination reaction of mono(tribut@stannyl)benzamidoxime with 
(diethylamino)tributylstannane. 

~N-os”au3 + 

'NH 

'du3SnNEt2 
60°C 

PhC 

PhCHN--OSnBu3 + 

'NH 

EtZNH (6) 

2 
- SnBuj 



.I : - .__- ;: __~_,1. .; ‘- 
:. 

.__: ._: ‘- _:: . . . . 

i 





‘@is his-product (II) w&s also obtained by treatment of the mono-product (I) 
with tributyltin isopropoxide~in l/l molar ratio mrefluxing toluene for ca. 10 
ii, 

J--O7'3a3 t - 

\NH 

BujSnO?r-i 
toioene - ~~~~N-os""u3~ + i_PrOi_I (7) 

t \NH - SnBu, 

The b&product is a light yellowish liquid, monomeric in refluxing benzene. 
On attempted distillation at 0.1 mmHg ancl at a bath temperature of 180°C it 
decomposed to (Bu,Sn)),O and other, unidentified, products. 

Infrared spectra 

For the mono(triaIkylstannyl)amidoximes (I), the absence of the v(OH) ab- 
sorption band in the region 3570-3650 cm -I (present in the parent amidoxime 
[8] suggests that the products are O-substituted. The two bands in the regions 
3430-3460 and 3300-3360 cm-’ in the spectra of products I are due to v(NH,) 
[8] the deformation band of which appears at ca. 1580 cm-‘. Furthermore, in 
the b&products, Ph(Bu3SnNH)C=N-OSnBu3, a single band in the region 
3310-3350 cm-’ is obtained due to v(>NH). A medium and slightly broader 
band -k the region 3130-3160 cm-’ is probably due to hydrogen bonded 
>NH. In phenyl-containing products the aromatic Y(C-H) vibrations are ob- 
served at ca. 3050 cm-‘. 

A strong band shown by the monomeric compounds, R(H2N)C=N-OSnR; 
(R’ = Bu or Ph), in the region 1630-1650 cm-’ is assigned to v(C=N) of the 
oxime moiety. 0-‘I’rimethylstannylamidoximes (I, R’ = Me), which probably 
exist as an equilibrium mixture of monomer and dimer species, exhibit two 
bands assignable to v(C==N) in the regions 1630-1660 and 1615-1630 cm-‘. 
The y(N-0) stretching vibrations appear at 920 k 10 cm-’ [9]. 

In trimethylstannylamidoximes the strong band at ea. 770 cm-’ is assigned 
to the methyltin rocking mode [ lO,ll] . In triphenylstannylamidoximes a band 
appears at ca. 450 cm -‘; this was absent in the case of the trialkyltin benza- 
midoxime, and can be assigned to v,(Sn-Ph) [12,13]. This -band has been in- 
terpreted by Pollen 1143 as to be due to the phenyl ring vibration. The trialkyl- 
starmyl products show two bands in the lower region of the infrared spectra, the 
v,(Sn-C) frequency appears in the range 540-600 cm*, and the second band, 
at 500 2’10 cm-’ , is due to v,(Sn-C) vibrations [ 15]_ 

With 0-trialkyl$annylamidoximes, the v(Sn-0) absorption bands 1161 
appear at 550 + 10 cm-‘. Sometimes this band is associated with the v(Sn-C) 
bands and cannot be distinguished from it. 

The @n-N) absorption bands are reported to occur over a wide range of 
frequencies, and appear to be very sensitive to changes in the molecular environ- 
ments of the Sn-N group. Recently, for (Me$n&N the zJ,(NSn,) and p,(NSn,) 
bands appear at 672 and 514 cm-‘, respectively [12]. The v(Sn-N) stretching 
frequencies in N-ti+nethyl&kumylaniline appears at 843 cm-’ [17]_ In (diethyl- 
amino)triall@stannane, the vibrations due to Sn-IVEt, group [18] appear at 
117Os, lOlOs, 88Ovs and 78Ovs cm-‘. In N,O-bis(tributylstannyl)benzamidoxime, 
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a strong band is observed at ca. 875 cm-‘, and may be assigned to v(Sn-N). 
The IR spectra of trimethylstannylamidoximes, which show molecular 

weights between the dimer and the monomer, show no appreciable change in the 
position of v(NH,) in comparison to parent amidoximes 131 indicating that 
amine nitrogen is not involved in coordination. The doublet in the regions 
X630-1660 and 1615-1630 cm-’ due to vfC=N) suggests the equilibrium [9] 
Ia + Ib, with the two bands corresponding to free and bridging C=N moieties. 

t.9 = Ir?e,Et,Pr ot Ph) mJf 

On the basis of the evidence available, the possibility that the dimers have 
structures of type Ie cannot be eliminated, 

Bxperimental 

Moisture was rigorously excluded. Benzene was dried over sodium wire and 
azeotropically fractionatedL Amidoximes were prepared by standard methods 
[X9,20] and analyzed before use. Trimethyltin chloride (b.p. 152-154”C), tri- 
butyitin chloride (97OC/O.4 mmHg) and bis(tributyItin)oxide f157”C/0.05 
mmHg) were distilled before use. Tributyltin isopropoxide (100” C/l mmHg) 
was prepared from tributyltin chloride. 13u3Sn-NEt2 was prepared from 
Bu,SnCl and Et&H in the presence of lithium and naphthalene in n-hexane 
under dry nitrogen [ 211. 

The IR spectra were recorded neat or in nujol mulls using KBr optics (Perkin- 
Elmer 337) in the range 4000-400 cm-‘. An ebulliometer (Galtenkamp) was 
used for molecular weight determination. 

Tin was estimated as oxide and nitrogen by the Kjeldahl method. Alcohol in 
the azeotrope was estimated by oxidation [22]. C and II analyses were carried 
out by CSIRO (Austrdia). 

B-epamtion of Ph$3nOPr-i 
A solution of triphenyltin chloride (19.28 g) in benzene (120 ml) was added 

dropwise to sodium isopropoxide (5% excess than equimolar quantity) in ben- 
zene (SO ml). This mixture was refluxed for ea. 6 h, and the sodium chloride 
was then filtered off_ The solvent was removed under reduced pressure and the 
residue was distilled (b.p. 172-175”C/O.l mmHg) as a white solid (m-p. 68-69”C) 
in 85% yield. Found: Sn, 29.04. PhJSnOPr-i &cd.: 29.01%. 

Reactions of R~n~OFr-i with amidoximes in 1/J molar ratio in benzene 

A mixture of the tributyl- and triphenyl-tin isopropoxides with the amidox- 
ime (ca. 55 ml) was refluxed at bath temperatures of 115-120°C for about 6 h, 
and the binary azeotrope (benzene/isopropanol) was fractionated out slowly. 
The excess of the solvent was distilled off and the products, R(I&N)C=NOSnR;, 
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were dried at 0.5 mmHg and at 40-55°C. Details of the reactions are given in 
Table 2, 

When tributyltin derivatives of amidoximes other than benzamidoxime were 
vacuum distilled, they decomposed at a bath temperature of 180°C and a 
colourless hquid distilled out (b.p. 155-l58”C/O.l mmHg). Found: Sn, 39.46. 
(Bu,Sn),O calcd.: Sn, 39.88%. 

When tributyltin derivative of benzamidoxime was vacuum distilled, three 
fractions were obtained: 

Fraction 1: Colourless liquid (yield 20%; b-p. X15-12O”C/O.2 mmHg). 
Found: Sn, 27.82; Nj-6.62. Ph(H,N)C=NOSnBus c&d.: Sn, 27.95; N, 6.60%. 

Fraction 2: Colourless liquid (yield 25%; b-p. 125-128”C/O.2 mmHg). 
Found: Sn, 33.45; N, 3.96. Ph[H(BugSn)]C=NOSnBu3 calcd.: Sn, 33.27; N, 
3.92%. 

Fraction 3: Yellowish coloured liquid (yield 45%; b-p. 155-157”C/O.2 
mmHg). Found: Sn, 35.51; N, 2.85. Ph[(Bu3Sn)2]C=NOSnBu, c&d.: Sn, 
35.53; N, 2.80%. 

Preparations of 0-trimethybtannylamidoximes 
Potassium ethoxide was prepared by dissolving potassium in an excess of 

ethanol and removal of surplus under reduced pressure. The solid ethoxide 
was dissolved in benzene and the solution was added to a solution of trimethyl- 
tin chloride and amidoxime in benzene. The system was refluxed for about 4 h 
and KCl was filtered off. The product, R(H2N)C=N-OSnMes was obtained 
after removing the solvent under reduced pressure 35” C/2-4 mmHg. Details 
are given in Table 3. 

Reaction of sodium salt of benzamidoxime with tributyltin chloride in l/l 
molar ratio 

An exothermic reaction occurred when Bu$nCl(l.79 g) was added to a sus- 
pension of sodium salt of benzamidoxime (0.87 g) in benzene (ca. 30 ml). The 
mixture was refluxed for 2 h and sodium chloride was filtered off. The solvent 
was removed under reduced pressure and the colourless viscous product was 
dried at ca. 4O”C/O.5 mmHg for ca. 1 h (yield 2.30 g, 98%). Found: Sn, 27.81; 
N, 6.55. Ph(H2N)C=NOSnBus c&d.: Sn, 27.95; N, 6.60%. 

Reaction between bis(tributyltin)oxide and benzamidoxime in l/2 molar ratio 

(BujSn)20 (3.23 g) and benzamidoxime (1.48 g) were mixed in benzene (ca. 
60 ml). The mixture was refluxed for ca. 6 h and the water liberated was frac- 
tionated out azeotropically. Remaining benzene was distilled off, and the colour- 
less viscous product was finally dried at ca. 4O”C/O.6 mmHg for ca. l/2 h (yield 
4.60 g, 99%). Found: Sn, 27.82; N, 6.50. Ph(H2N)C=NOSnBu3 calcd.: Sn, 
27.95; N, 6.60%. 

Attempted preparation of N,O-bi&(tributylstannyl)benzamidoxime by the 
reaction of mono(tributylstannyl)benzamidoxime with Bu$3zCl (butyllithium 
method) 

Butyllithium was prepared from lithium (0.11 g) and BuCl(O.75 g) in n-hex- 
sue (ca. 30 ml) under dry nitrogen while stirring the mixture et ca. 30°C for ca. 
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12 h.~Mono(tributylstannyl)benzamidoxime (3.44 gj was added, and the mix- 
ture was stirred for another 3 h. Addition of Bu3SnC1 (2.63 g) was followed by 
stirring for ca. 2 h. LiCI was filtered off and the solvent was removed. Distilla- 
tion of the residue gave a colourless liquid at 98”C/O.l mmHg. Found: Sn, 
34.10. Bu,Sn &cd.: Sn, 34.20%. 

Preparation of N,O-bis(tributylstannyIjbenzamidoxime from the reaction of 
mono(tributylstannyl)benzamidoxime with &&z-NE& 

(Diethylamino)tributylstannane (1.10 g) was added to O-tributylstannylben- 
zamidoxime (1.30 g). The reaction was exothermic. The mixture was dried at 
60-65”C/O.2 mmHg for ca. 1 h to give a colourless liquid (yieid 2.17 g, 99%). 
Found: Sn, 32.86; N, 3.94. PH[H(Bu,Sn)N]C=NOSnBu, &cd.: Sn, 33-27; N, 
3.92%. 

Reaction of 0-tributylstannylbenzamidoxime with Bu,SnOPr-i in 111 molar 
ratio in toluene 

0-Tributylstannylbenzamidoxime (2.18 g) and Bu,SnOPr-i (1.79 g) were 
mixed in toluene (ca. 50 ml)_ The mixture was refluxed for ca. 10 h and iso- 
propanol liberated was fractionated azeotropically out with toluene. The sol- 
vent was removed under reduced pressure and the product was dried for ca. I h 
at 5O”C/O.2 mmHg (yield 3.60 g, 98%). Found: isopropanol in the azeotrope, 
0.29 g; calcd.: for one mole, 0.31 g. Found: Sn, 33.35; N, 3.67. Ph]H(Bu$n)- 
N]C=NOSnBu, calcd_: Sn, 33-27; N, 3_92%_ 
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