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(Received January 16th, 1976) 

o-Haloalkyltin trihalides, X(CH*),SnX, (n 1 3; X = halogen) can readily be 
prepared in high yields by the direct reaction of stannous halides with a,w-di- 
haloalkanes, catalysed by trialkylantimony compounds. The compounds are 
versatile starting materials for the synthesis of a variety of w-functionally- 
substituted organotin compounds R3_m X, Sn(CH2 ),Y (R = alkyl, phenyl; m = 
O-3; X = Cl, Br, 0; Y = Br, NMe, , NEt2 , COOH, CHOHR, RsSn). 

‘H-NMR spectral data for a series of such compounds are presented. The 
trends observed in the chemical shifts and the I19 Sn-methyl proton coupling 
constants of Me,_,Br,Sn(CH2),Br (m = O-3; n = 3-5) are discussed in terms 
of inductive effects. Intramolecular coordination between the w-bromine atom 
and tin could not be demonstrated. 

Introduction 

Information on w-haloalkyltin compounds R3_,X, Sn(CH2),Y (R = alkyl; 
X,Y = halogen; m = O-3) is rather scanty due to a lack of synthetic methods. 
Only the halomethyltin compounds (n = 1; m = O-3) are readily accessible by 
reaction of the corresponding alkyltin halide with diazomethane [1] or with 
iodomethylzinc iodide [2]. Haloethyltin compounds have been obtained by 
Gielen and Topart [ 31, according to eq. 1: 

R3 SnH 
CH2=CH<CH&OH Ph3PICCl.q 

t J33 SnWH2 k-20H------+ &WC% k43 (1) 

Seyferth obtained the first 3-halopropyltin compounds by addition of chloro- 
form or carbon tetrachloride to triethylvinyltin [4] (eq. 2): 

Et3 SnCH= CH, + xcci3 Et,SnCHXCH, CCl, (2) 

(X=H,Cl) 
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been consumed after 7 h at 150°C. During the reaction propene was evolved. 
Distillation gave tin tetrabromide as the main product. 

SnBrz + BrCH*CHRBr + SnBr4 + CH,=CH-R 

(R = H, Me) 

(7) 

In neither of these reactions were indicati,ons obtained of the intermediate 
formation of insertion products, BrgSnT-q-Br, which may be expected to be 
thermally rather unsmble as a result of the ease of j3-elimination. 

When used in a 200-400% excess cY,w-dibromoalkanes, Br(CH,),Br, n 2 3 
react readily with SnBrz to give high yields of the mono-insertion products, 
only small amounts of bis-insertion products being detectable- 

SnBr2 + Br(CH*),Br -+ Br3Sn(CH2),Br 

(n>, 3) 

(8) 

Thus, reaction of stannous bromide with 4.5 equivalents of 1,3-dibromopropane 
gave (as determined by ‘H-NMR spectrometry after methylation) (3-bromopropyl) 
tin tribromide. With equimolar amounts of reactants the product mixture 
Br3Sn(CH2)3Br/Br3Sn(CH;),SnBr3 = 0.55 is obtained. 

Purification of the w-bromoalkyltin tribromides by regular distillation is 
hampered by thermal degradation according to the reverse of eq. 8. As a result 
the distillation yields (mercur.- diffusion pump vacuum) decrease rapidly with 
increasing chain length: n = 3, 74%; n = 4, 37%; n = 5, 0%. By using a high vacuum 
molecular distillation device a 64% yield of pure (5-bromopentyl)tin tribromide 
could be isolated. However, the crude products, generally obtained in semi- 
quantitative yield after evaporation of the excess of ar ,w-dibromoalkane, can be 
used very effectively as such for the preparation of a Iarge variety of other types 
of functionally-substituted organotin compounds (Scheme 1). The physical con- 
stants, yields and analysis data of the newly-prepared compounds are compiled 
in Table 1. 

w-Bromoalkylstannonic acid derivatives can be prepared in high yields by 
careful hydrolysis of the w-bromoalkyltin tribromides in the presence of diethyl 
amine. The more-conventional procedure involving hydrolysis with three 

(9) 
(n = 3,4) 

equivalents of sodium hydroxide [7] resulted in the formation of impure 
products containing varying amounts of stannic oxide. 

Quite unexpectedly, the tin--carbon bond of the y-bromopropyltin derivative 
and to a lower extent that of the b-bromobutyltin compound are susceptible to 
cleavage by bases. Reaction of y-bromopropyltin tribromide with an excess of 
aqueous 4 N sodium hydroxide solution at room temperature is complete within 
one minute, yielding stannic oxide and cyclopropane. Under similar conditions 
the tin-carbon bond of unsubstituted alkyltin trihalides is completely stable 
171. 

(continued on P. 334) 
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Br,Sn(C&),& - C&-_CH_I ‘k&o;, + &&r .- .. I._ : 

.._- 

v 

_- ~ : (10). 

CHz : 

The mechanism of this first example of a base-catalyzed ‘I,$-el&in&ion in 
organotin chemistry will be investigated fm&er. Recently, Davis et ‘ali reported 
1,3-eliminations observed with (r-hydroxyalkyl)trimethyltin compounds in the 
presence of acetic acid [8]. Attempts to prepare l,l-dibromo-i-stannacyclo- 
butane and -hexane by reaction of magnesium with (3-bromopropyl)tin tri- 
bromide and (5bromopentyl)tin tribromide, respectively, failed [9]. - 

Reaction of (w-haloalkyl)tin t&bromides with Grignard or organojithium re- 
agents gives high yields of the corresponding (w-haloalkyl)triorganotin compounds 
The latter compounds in turn are suitable starting materials for the synthesis of a 
variety of other types of functionally-substituted organotin compounds. For 
example, substitution of the o-halogen atoms by dialkylamino groups gives the 
corresponding (w-dialkylaminoalkyl)triorganotin compounds. Furthermore, via 
the Grignard reagents RsSn(CH*),MgBr, other types of functional substituents 
can be introduced, such as carboxylate groups, alcohol functions, different organo- 
metallic moieties, etc. (cf. Scheme 1 and Table 1). 

Bromodemetallation reactions of (w-bromoalkyl)trimethyltin compounds 
afforded the first well-defined examples of (w-haloalkyl)dialkyltin halides and 
(w-haloalkyl)alkyltin dihalides, viz.. Me,BrSn(CH, ),Br (n = 3-5) and MeBr, - 
Sn( CH2 )4 Br. 

‘NNMR data 
The ‘H NMR spectral data of the new compounds prepared are given in Table 2. 
In various papers on functionally-substituted organotin compounds structures 

involving intramolecular coordination between the functional group and the tin 
atom have been discussed. Thus, the groups of Matsuda [lo], of Poller [ll] and 
of Kuivila [12] reported evidence for intramolecular coordination between the 
carbonyl oxygen and the tin atom in ketoorganochlorostannanes of the type 
%Sn(CI& ),C(O)R, coordination being stronger when n = 2 than when n = 3 (cf. 
Fig. 1). 

As regards the compounds Me3Sn(CH2),Br, the chemical shift and the 
117’1rgSn coupling constants of the methyltin protons and also the chemical shifts 
of the CH,Br protons show only minor differences in the series n = 3-5. There- 
fore, the occurrence of intramolecular bromine_tin coordination in this series 
is highly unlikely, as was to be expected for these tetraorganotin compounds. 

Fig. 1. (n = 2. 3). 
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Br,Sn(CN,),Br (n = 3-5) 
A mixture of 111.6 g (0.40 mol) of anhydrous SnBr,, 363 g (1.80 mol) of 

Br(CH:!)sBr and 4 ml (5.25 g, 0.025 mol) of EtsSb was stirred for 4.5 h at 
150-160°C. The SnBrz had been completely converted. Evaporation in vacua 
(14 mmHg)at 1OO’C gave 272 g (1.35 mol) of recovered Br(CH,),Br, leaving 
206 g of a brown, oily liquid. Distillation in vacua (mercury diffusion pump) 
gave 141.6 g (74%) of pure BrjSn(CH,)3Br. 

In a similar way Br3 Sn( CH2 )4 Br and Br, Sn( CH2 )s Br were prepared. Distilla- 
tion of these compounds in vacua is attended by thermal decomposition. In fact, 
Br3Sn(CH,),Br could be isolated in the pure state only by high vacuum molecular 
distillation. 

HOOCSn(CH,),Br (n = 3, 4) 
To a solution of 2.42 g (0.005 mol) of Br3Sn(CH&Br in 15 ml of methanol 

at 0°C were added 1.57 ml (0.015 mol) of diethylamine. Under cooling at 0°C 
15 ml of water were added drop-wise. The resulting white precipitate was filtered 
off and dried in vacua over solid potassium hydroxide to give 1.23 g (90%) of 
(3-bromopropyl)stannonic acid. 

In a similar way (Cbromobutyl)stannonic acid was obtained in 88% yield. 

Reaction of Br3Sn(CH2)3Br with aqueous sodium hydroxide 
A 100 ml reaction flask charged with 4.8 g (0.010 mol) of Br3Sn(CH2 )sBr 

was cooled down to 0°C. At once 15 ml of a 4 N aqueous sodium hydroxide were 
added, resulting in a vigorous reaction. Within one minute 210 ml of gas (-0.010 
mol) evolved. By IR spectrometry as well as by combined gas chromatography 
- mass spectrometry (GC-MS) the gas was proven to be pure cyclopropane. 

Me,Sn(CH,),Br (n = 3-5,) 
A solution of 20 g (0.042 mol) of Br3Sn(CH2)3Br in 100 ml of diethyl ether 

was added drop-wise to 80 ml of a 2-5 N solution of MeMgBr in diethyl ether. 
After reflux for 2 h the mixture was treated with a satlurated aqueous solution 
of NH4Cl and distilled to give 8.7 g (74%) of (3-bromopropyl)trimethyltin. 

In a similar way were prepared: (4-bromobutyl)trimethyltin, (Bbromopentyl- 
trimethyltin, (3-bromopropyl)tributyltin, (4-bromobutyl)tributyltin and 
(4-bromobutyl)triphenyltin. 

Me2BrSn(CH2),Br (n = 3-5) 
Over a period of 1 h 6.4 g (0.040 mol) of bromine was added drop-wise to a 

solution of 11.44 g (0.040 mol) of Me,Sn(CH,),Br in 90 ml of anhydrous metha- 
nol, the reaction mixture being kept at -30°C. After 1 h at room temperature 
the mixture was distilled to give 12 g (83%) of (3-bromopropyl)dimethyltin 
bromide. 

In a similar way were prepared: (4-bromobutyl)dimethyltin bromide and 
(4bromobutyl)methyltin dibromide. 

Bu,Sn(CN,),NMe, : 

In a reaction vessel provided with a carbon dioxide condenser, a mixture of 
6.18 g (0.015 mol) of Bu,Sn(CH,),Br and 20 ml of MezNH was refluxed for 7 h. 
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The residue obtained after evaporation of the excess of M+NHwas taken up in. 
30 ml of diethyl ether and treated for 15 min with 50 ml of a 16% aqueous solu- 
tion of NaHC03. Distillation gave 4.95 g (86%) of (3-dimethylaminopropy1)tri- 
buty1tin. 

Analogously were prepared: (3-dimethylaminopropyl)tr@e~hyltin~ (3_diethyl- 
aminopropyl)trimethyltin, and (4dimethylaminobutyl)tributyltin. 

A solution of 3.6 g (0.0125 mol) of Me,Sn(CH2)SBr in 6 ml diethyl ether 
was added dropwise to 0.35 g (0.015 mol) of magnesium in 6 ml diethyl ether. 
After reflux for 1.5 h the magnesium had been consumed and a positive Gilman 
test was obtained. The resulting solution was treated for 1 h with gaseous carbon 
dioxide, decomposed with 15 ml of a saturated aqueous solution of N&Cl and 
subsequently with 5 ml 1 N HCl. Evaporation of the solvent gave 1.6 g (52%) 
of Me3Sn(CH,)3COOH. According to ‘H NMR spectrometry the product was 
slightly contaminated with Me3Sn(CH2 )BSnMes. The product was taken up in 
5 ml 4 N NaOH and extracted with 5 ml of diethyl ether to give 0.3 g of 
Me3Sn(CH2)6SnMe3 [G(Sn-Me) = 0.05 ppm] . The aqueous layer was treated 
with 4 N HCl (pH -3) and extracted with 10 ml diethyl ether. Evaporation gave 
0.8 g (26%) of pure Me3 Sn(CH2 )3 COOH. 

In a similar way reaction of Me3Sn(CH,),MgBr with benzaldehyde (n = 3), 
with tiethyltin chloride (n = 4) and with triphenyltin chloride (n = 4) gave 
(4-phenyl-4-hydroxybutyl)trimethyltin, (4-triethylstannylbutyl)trimethyRin and 
(4-triphenylstannylbutyl)trimethyltin, respectively. 
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