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Summary > 

Hydrogen halides, tin and a,@msaturated carbonyl compounds react together 
under mild conditions to give mixtures of P-substituted alkyltin trihalides and 
bis(P-substituted aIkyl)tin dihahdes: &ylonitrile is also active. Spectroscopic 
data for a number of pure functionally substituted dialkyltin compounds is pre- 
sented. The monoalkyltin compounds are almost certainly formed by the in-situ 
formation of trihalogenostannanes from hydrogen halides and tin. Several possi- 
ble mechanisms are discussed for the formation of the dialkyltin compounds. 
The substituted monoalkyltin compounds react with tin to give the correspond- 
ing dialkyltin compounds as well as products which are believed to be relatively 
stable tin-tin species. 

rnfm3duction 

&Substituted alkyltin halides have been prepared by a variety of methods. 
The synthesis of many of these compounds is described in’a review by Omae 
[l] where the major reaction employed was the direct reaction between metallic 
tin and the corresponding &substituted alkyl halide (eq. 1). Reifenberg and Con- 

2 XCHzCHtR + Sn -+ X2Sn(CH2CH2R)2 (1) 

(X = Br, I; R = COzH, COZR1, COR’; R’ = alkyl) 

* Part I see ref. 6. 
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sidine have prepared a range of cyanoethyltin halides by disproportionation of 
tetracyanoethyltin with stannic halides [2]. The other widely employed route to 
functionally substituted organotin compounds is hydrostannation and a review 
by Leusink adequately demonstrates the versatility of this approach [3]. Until 
recently, however, the hydrostannation route was limited to the synthesis of 
tetraalkyltin compounds and trialkyltin halides. It has now been demonstrated 
that, not only these, but also certain P-substituted mono- and dialkyltin halides 
can be prepared by this route. Preliminary results on the reactions between hydro- 
gen halides, stannous halides and cr$-unsaturated carbonyl compounds (to give 
@-substituted alkyltin trihalides) and on the reactions between hydrogen halides, 
tin and the same cY,fl-unsaturated car-bony1 compounds (to give largely bis@-sub- 
stituted alkyl)tin dihalides) have been reported [4,5]. Eq. 2 and 3 represent the 
overall reactions: halogenostannane intermediates are involved. 

I I 
HX + SnX, + C=C 

I I 
- X,Sn-C-CH (2) 

I I 
R= R= 

HX+Sn+C=C --c 
I 

+ X,SnC-CH 

1, IEr 

(3) 

R R 

(X = Cl, Br, I; RI, RE, and R 
m 

are H or Me ; Rliemntains -c- 1 
! 

We present here a detailed account of the study of reaction 3 which comple- 
ments a similar study of the spectroscopic and mechanistic aspects of reaction 2 

161. 

Results and discussion 

Hydrogen chloride and metallic tin react together in the presence of activated 
olefinic compounds to give high yields of functionally substituted organotin com- 
pounds [4,5]. Table 1 contains the results of experiments with a wide variety of 
monomers: largely these are a&unsaturated esters but a&?-unsaturated ketones, 
acids and amides sze similarly reactive and acrylonitrile can also be employed. 
The products from these reactions were characterised by elemental analyses 
(Cl and Sn) and spectroscopic techniques (IR and NMR) and identified as mix- 
tures of &substituted mono- and dialkyltin halides. Eq. 4 and 5 represent the 
constituent reactions of eq. 3. 

r R” 

7 I 
R’ = 

I 7 
3HX + Sn+C=C -t X3SnC-CH + H, (4) 

Ax JEZ I I 
R R= R= 
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I m 

‘; ‘; 
2HX+Sn+2C=C - X.$in(C-CHI2 (5) 

I I 
R= R= in km 

Spectroscopic data for a number of pure bis(P-substituted alkyl)tin dihalides are 
presented in Table 2. 

As with reactions between hydrogen halides, stannous halides and functionally 
substituted olefins 14-61 only the P-substituted products were isolated as 
described by reaction 3. With the reaction conditions described in Table 1 the 
dialkyltin dihalide is, in most cases, the major product although modification of 
the reaction conditions can significantly affect the proportion of the monoalkyl- 
tin component that is produced. In general reaction 3 exhibits the same versatil- 
ity with respect to solvent and temperature as does the similar reaction 2 [6]. 
Temperatures between -10 and 120°C can be employed with equally good over- 
all yields of organotin compounds (based on tin consumed) and solvents with 
widely different dielectric constant (-2 + 80) can also be utilised (see Table 3). 
Low temperatures (<lo%) favoured.hydrogen chloride addition to some of the 
monomers (particularly esters) and high temperatures (>9O”C) caused polymeri- 
sation to occur. Hydrogen bromide and hydrogen iodide can replace hydrogen 
chloride with good yields of organotin compounds (Table 1). 

A number of reactions have been performed with methyl acrylate to deter- 
mine the effects of solvent, temperature and hydrogen chloride flow rate upon 
the overall yield of organotin compounds and also upon the distribution of the 
products. In all cases the overall yield of organotin compounds was good (Table 
3). The effect of reaction temperature can be seen from results obtained in 
dimethoxymethane (see experiment numbers 24 and 25) at -10 and 40°C. De- 

/ 
I 1 I 

0.5 1.0 1.5 2.0 

H Cl Flow rate (mol. hr? mol.&I)-‘) 

Fig. 1. The effect of hydrogen chloride flow rate upon the production of Cl3SnCHZCH2C02hle (I) and 
C12Sn(CH2CH2C02Me)2 (II) from hydrogen chIoride. tin (0.5 mol) and methyl acrylate (1.0 mol) in 
dIethy ether (140 ml) at 20°C. 
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HCl + Sn - [HSnCl] 
M 

) [M:HSnCl] 

I 
[R SnCL] 

1 
M:HCl 

[M:HSn Cl31 

RSnCL3 R2SnCL2 

(6) 

(RI, Rn and R” 
nz Ii 

ore H or Me; R contains -C-) 

Direct evidence for the occurrence of eq. 6 is indeed difficult to obtain. Oakes 
and Hutton have previously suggested [RSnBr] (R = Ott) as an intermediate in 
the direct reaction between Sn and octyl bromide [7] but evidence for the 
existence of such species has been obtained in only a very limited number of 
special cases [S]. Also, as far as we know, [HSnX] (X = halogen) has never 
before been suggested as an active halogenostannane intermediate although 
HGeX, RGeX, H,GeX, and RHGeX* (R = alkyl) are all well documented halo- 
genogermane species [g-11]. The reactions of some of these species have also 
been studied [12]. Our own attempts to trap divalent tin species in the reactions 
between hydrogen halides, tin and 01 &unsaturated carbonyl compounds with 
alkyl halides were unsuccessful. However, evidence for the existence of BuSnHCl 
has been obtained by Sawyer and Brown although it is highly unstable [13]; 

In an attempt to verify at least one step of this tentatively proposed scheme, 
that is the interaction of the halogenostannane Cl,SnHCH,CH,CO,Me with mo- 
nomer, we have treated Cl,SnCH$H$O,Me (I) with tributyltin hydride in a 
medium of methyl acrylate. From this experiment was obtained C12Sn- 
(CH,CH,CO,Me), (II) (52%) formed we believe, .by eq. 7. (Tributyltin chloride 
was also obtained but the formation of Bu,SnCH2CH,COzMe was not observed 
since the uncatalysed reaction between tributyltin hydride and methyl acrylate 
is slow under our experimental conditions [3,15,16].) 

Cl,SnCH,CH&O,Me + Bu,SnH + [C12SnCH&H2C0,Me] + Bu,SnCl (i) . 

<I) ii 
(7) 

[C1,SnCH,CH2C02Me] + CHI = CHCOIMe + C1,Sn(CH2CH2C0,Me)2 (ii) 

la (II) 

This experiment illustrates that C12SnHCH,CH,C02Me can exist and that it 
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Time (hr.) 

Fig. 2. The concentrations of C13SnCH~CH~C02Bu (01 and CI&I<CH~C!H+!O~BU)~ (0) as a function of 

time in the reaction between hydrogen chloride. (0.94 mol/hour/mol tin). tin (3.37 mol) and butyl acryl- 
ate (15.33 mol) at 60°C. 

can be an intermediate in the formation of II. (The instability of this alkylchioro- 
tin hydride was also easily demonstrated since when reaction 7i was performed 
in isolation the infrared absorption (v(SnH)) due to Bu,SnH rapidly disappeared 
without the formation of any other Sn-H peak.) 

Although relatively little direct evidence can be put forward in support of 
eq. 6 some steps have been shown to be possible and others are mechanistically 
likely and it is for these reasons that it is difficult to dismiss this reaction sequ- 
ence entirely. 

More recently however, 1171 the discovery that ester substituted monoalkyl- 
tin trichlorides can react with metallic Sn to give the corresponding P-substituted 
dialkyltin dichlorides (reaction 8 R I= R” = R”’ = H; R’v = C&Rv; Rv = dkyl) 

suggested a simpler mechanism for the formation of the dialkyltin compounds 
in the reaction between hydrogen chloride, tin and (Y,&unsaturated carbonyl 
compounds. 

2 RSnCL, + Sn u R,SnCL, + 2 SnCL2 (8) 

RI 
III 

I 7 
CR=?--_H ; RI, RE, R 

m 
= H or Me ; RIPcontains --C-I 

In Inz 
R R 
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In this case it is suggested that RSnCI; produced initially as in eq. 6 is converted 
to R,SnCl, by reaction with Sn (at the Sn surface). Stannous chloride produced 
according to eq. 8 (possibly in solution) can then be consumed by reaction with 
M:HCI (M = R’R1rC=CRmR’V) to regenerate RSnC13: R2SnC1, is therefore pro- 
duced by a cyclic process with RSnCl, as an intermediate. An experiment was 
designed to test this hypothesis. 

Hydrogen chloride was passed quickly into a suspension of powdered tin in a 
mixture of methyl acrylate and dimethoxymethane at 40°C. Figure 3 shows how 
the concentrations of C1,SnCH,CH,C02Me (I) and CIISn(CH2CH,C02Me), (II) 
varied during the course of this reaction. In this case, the concentration of the 
monoalkyltin compound initially increased more rapidly than that of the dial- 
kyltin compound_ It reached a maximum value after approximately 20 min and 
then decreased gradually to zero. After the maximum concentration of I has 
been attained the concentration of II begins to increase more rapidly and at least 
partly at the expense of the monoalkyltin compound. These results suggest that,. 
under these conditions, I can be an intermediate in the formation of II. 

Time his) 

Fig. 3. The concentrations of C13SnCH$H2C02Me (0) ad CI$n(CH$H2COZMe)Z (o) as a function a a 
of time in the reaction between hydrogen chloride (1.20 mol/hour/mol tin), tin (108 mmol) ad methyl 
acrylate (26.9 mmol) in dimethoxymethane (25 ml) at 40°C. 
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Following the preliminary results which we reported previously [17] we have 
performed a more extensive study of the reaction between fl-carboalkoxyethyltin 
trihalides and metallic Sn. A mass balance verified that the reactions in Et,0 
(diethyl ether) proceeded with the stoichiometry suggested by eq. 8. Table 4 pre- 
sents the results of further reactions which have been performed between 
Cl,SnCH&H,CO,R’ (RI = Me, i-Pr and n-Bu) and Sn under a variety of conditions. 
The reaction is markedly solvent sensitive as illustrated by the results for I in 
EtzO, toluene and 1,1,2,2-sym-tetrachloroethane: Nonethereal media giving 
much lower rates of reaction. Therefore, if reaction 8 correctly represents a step 
in the formation of the dialkyltin compounds, it is perhaps surprising that the 
reaction between hydrogen chloride, tin and methyl acrylate is not more 
markedly solvent sensitive (Table 3). Obviously the crucial question is: how fast 
is reaction 8 (R = CH,CH2COIMe) under the conditions which prevail in the 
reactions between hydrogen chloride, tin end methyl acrylate. (It is, however, 
not possible to measure the rate of this step since (I), for the most part, is merely 
an intermediate in the formation of (II)_) 

In an attempt to determine what factors affect the rate of reactions under 
these conditions we have studied reactions between I and tin in butyl acrylate 
in the presence and in the absence of hydrogen chloride. Reactions performed 
in the presence of hydrogen chloride essentially correspond to doping reactions 
between hydrogen chloride, tin and butyl acrylate with I. The concentration of 
I in these experiments was monitored by NMR spectroscopy_ 

Initially I (approximately 0.8 molar in butyl acrylate) was treated under Nz at 
60°C with excess powdered Sn (100% - based on the stoichiometry of reaction 8). 
Figure 4a shows how the concentration of I decreased under these conditions. In 
fact, this detailed NMR study revealed that reaction 8 is not as simple as previously 
believed, since, besides the signal due to II (7(CH,OCO) = 6.21) two other ester 

. methyl signals appeared, (r(CHsOCO)I = 6.15 and r(CHsOC0)’ = 6.24), suggest- 
ing that other organotin compounds are produced. Neither of these signals corre- 
sponded to CISn(CH,CH,COIMe), since this compound shows r(CH,OCO) at 
6.3. However, when this reaction was repeated with the continuous addition of 
hydrogen chloride throughout the experiment curve b (Fig. 4) was obtained for 
the disappearance of I. A reaction time of 4.5 h corresponded closely to the addi- 
tion of the stoichiometric quantity of hydrogen chloride according to reaction 5. 
Coincident with this increase in the rate of disappearance of I there was a sim- 
plification in the NMR spectral changes. In this latter case only the signal at r 6.21 
appeared as I disappeared. Furthermore, the additional signals produced in the 
absence of hydrogen chloride were not easily removed by.the post addition of 
hydrogen chloride. Further similar experiments were performed with a much 
larger excess of powdered Sn (700% excess). These reactions followed exactly 
similar paths and curves c and d of Fig. 4 represent these reactions. The NMR 
spectra of the solutions produced from these reactions, (a) with no added hydro- 
gen chloride and, (b) with added hydrogen chloride are presented in Fig. 5. It is 
significant that I disappeared much more rapidly in these experiments. (That the 
increased rate of disappearance of I with hydrogen chloride present was not due 
to a removal of tin oxide from the tin surface was verified in a separate experi- 
ment where a small amount (0.5 g) of hydrogen chloride was initially added to 
the reaction between I (0.1 mole) and tin over a period of 10 min. A slight 

(continued OR p. 34) 
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I I I I I 

1 2 3 4 5 6 

Time (hr.) 
Fig. 4. The effects of excess tin and of hydrogen chloride UPOn the disappearance of CI~S~CH~CHTCO~M~ 
in the reaction between I and tin in butyl acrylate at 60°C: (a) 100% excess tin: ib) 100% excess &I with 

a hydrogen chloride flow rate of 0.44 mol/hour/mol tin: (c) 700% excess tin and (d) 700% excess tin with 
a hydrogen chloride flow rate of 0.72 mol/hour/mol tin. 

5 6 7 5 6 7 

mm (-iTI 

Fig. 5. IH NMR spectra of solutions from the reactions between Cl$SnCH2CH2CO2Me (I) (approximately 
0.68 molar) and tin (700% excess) in butyl acrylate at 60°C: <a) after 45 min with no added hydrogen 
chloride and (b) after 20 min with the addition of 3.4 g of hydrogen chloride. 
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increase in initial rate for the disappearance of I was observed but the post b&o- 
gen chloride addition rate of reaction was no faster than in the reaction with no 
added hydrogen chloride.) 

If we now consider all but the latter stages of reactions between hydrogen 
chloride, tin and methyl acrylate the concentration of I will be small and the 
excess of tin will be large. Conditions very favourable for the conversion I to 11 
will, therefore, prevail. Furthermore hydrogen chloride catalysis of this step has 
been demonstrated above (at least in butyl acrylate) and would simply be 
explained by the regeneration of I from hydrogen chloride, stannous chloride 
(produced in reaction 8) and methyl acrylate. Actually in the hydrogen chloride 
catalysis of the reaction between I and tin in butyl acrylate the overall concen- 
tration of substituted monoalkyltin compounds is maintained by the formation 
of Cl,SnCH,CHICOIBu. (Under the same conditions, CI,SnCH,CH,CO,Bu (0.1 
molar) reacted with powdered tin (0.1 mol) in butyl acrylate at 60% at a very 
similar rate to Cl,SnCH,CH,CO,Me (see Table 4).) 

The NMR study suggests that the reaction between I and tin in butyl acrylate 
is complex in the absence of hydrogen chloride but much simpler in the presence 
of hydrogen chloride therefore, it is believed that the two reactions probably 
follow different paths. 

In the absence of further experimental data concerning the exact nature of the 
other organotin species which are produced in the absence of hydrogen chloride 
we can only speculate as to their nature. 

Devaud [ 18 3 has proposed a mechanism for the electrochemical reduction of 
similarly substituted monoalkyltin compounds involving the formation of a radi- 
cal intermediate (eq. 9) and it is possible that an exactly similar mechanism oper- 
ates here: eq. 10 is proposed for the reaction between I and tin in the absence 
of hydrogen chloride. 

R’SnCl, + e- + Cl- + R’SnCl, 

(R’ = CHCO,EtCH,CO,Et) 

(9) 

2 RSnCl, + Sn + 2 [RSnCl; J + SnCl, 

2[RSnCl;] + R-SnCII-SnCl?-R (combination) 

2[ RSnCl s] + R,SnCl, + SnCl, 

Z[ RSnCl ;] --f RSnC1, + [RSnCl] 
(disproportionation) 

(10) 
n [RSnCl] + (RSnCI), 

(polymer) 

CR = CH,CH,COzMe) 

If R,Sn,Cl, and (RSnCl), correctly represent the unidentified organotin spe- 
cies produced in the absence of hydrogen chloride their unexpected resistance 
to hydrogen chloride (demonstrated earlier) might be explained by inter-tin : 
ester co-ordination as represented by III and IV. 

Since the proposed species III and IV are not produced in the presence of hy- 
drogen chloride, neither do they react readily with hydrogen chloride; it is 
reasonable to propose that either (a) their precursor [RSnCl;] (R = 
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,OR’ 

‘=‘z 
\ 

CH,CB 

‘OR’ 

(19) CR’= Me) 

CH&H,CO,Me) (also the precursor to II when hydrogen chloride is absent) 
reacts with hydrogen chloride to reform RSnCI, (eq. 11) or (b) their precursor 
is not even produced with hydrogen chloride present. Consequently it is unlikely 
that eq_ 10 gives rise to II in the presence of hydrogen chloride and an altema- 
tive explanation is offered for the signal at T 6.21 in these experiments. It is 
suggested that in the presence of hydrogen chloride [HSnCl] is produced which 
reduces fl-carbomethoxyethyltin trichloride (I) to [RHSnCl,] (R = 
CH&H2C02Me), this then reacts with butyl acrylate to give Cl,SnCH&H,CQ,Me 
- CH,CHICO,Bu (V) according to eq. 12. We have already demonstrated that a 
reaction similar to (eq. 12, ii) does occur (eq. 7, ii). 

2[RSnCl;] + 2 HCl + 2 RSnCl, + H, 

(R = CH&H,CO,Me) 

($1) 

RSnCl, + HCl/Sn ([HSnCl]) + [RHSnCl,] + SnCl, ti) 

[RHSnCl,] + CH, = CHCO,Bu + RSnC1,CH&H3C01Bu (ii) (12) 

09 

In view of the experimental observations recorded above it now appears that 
the most feasible mechanism for the fo,rmation of CIISn(CH,CH,COIMe)Z from 
the interaction of hydrogen chloride, tin and methyl acrylate is as follows. Ini- 
tially the monoalkyltin trichloride (Cl,SnCH,CH,CO,Me) is formed and is then 
largely converted to the dialkyltin compound via the halogenostannane interme- 
diate [Cl,SnHCH&H,CO,Me] It appears possible that this step involves the inter- 
mediate formation of [HSnCl] which is effective in the reduction: see eq. 13. 

HCl + Sn -+ [HSnClJ Hcl H2 + SnCl, 

CH,=CHC02Me : .HCl + SnC12 + [CH1=CHCO,Me : HSnCL] 
4 
RSnC13 

RSnCl, + [HSnCl] + [RHSnCl,] + SnCl, 

[RHSnCl,] + CHI = CHCO,Me + R2SnCl, 

(R =- CH,CH&O ?Me) 

(13) 
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Further experimental work is underway in an attempt to verify these tentative 
proposals. 

Experimental 

Spectroscopy. Infrared spectra were recorded as nujol mulls or liquid films 
on a Perkin-Elmer 577 grating spectrophotometer. 60 MHz nuclear magnetic 
resonance spectra were recorded on a Perkin-Elmer RUB spectrophotometer: 

Synthesis. The synthesis of mixtures of substituted mono- and di-alkyltin 
halides has already been described 143. The purification of the bis(P-substituted 
a.lkyl)tin dihalides is described in the footnotes to Table 1. 

Mechanistic studies 
(i) The reaction between hydrogen chloride, tin and excess butyl acrylate. TO 

a stirred suspension of 400 g (3.37 mol) of powdered tin in 1965 g (15.33 mol) 
of butyl acrylate was charged hydrogen chloride gas at a rate of 0.937 mol/hour/ 
mol tin. The temperature was maintained at 60°C (*0.5%) throughout the exper- 
iment. The concentrations of Cl,SnCHICH2C0,Bu and Cl,Sn(CH,CH,CO,Bu)l 
were determined by NMR spectroscopy on 1 g sample withdrawn periodically from 
the reaction mixture. These values were then plotted as a function of time to 
give rise to Fig. 1. 

(ii) The reaction between hydrogen chloride, an excess of tin and methyl 
acrylate in dimethoxymethane. To a stirred suspension of 12.82 g (0.108 mol) 
of powdered tin in 2.32 g (O-027 mol) of methyl acrylate and 25 ml of dimeth- 
oxy methane was added hydrogen chloride gas at a rate of 1.20 mol/hour/mol 
tin. The temperature was maintained at 40°C with the aid of a thermostated 
bath. 0.5 ml samples were withdrawn periodically from the reaction mixture and 
their Ni’viR spectra were recorded. Naphthalene was utilized as an internal stand- 
ard for determination of the concentrations of Cl,SnCH,CH$O,Me and Cl@- 
(CH2CH,C0,Me)l. The concentrations of these compounds as a function of time 
are presented in Fig. 3. 

(iii) (a) Reactions between CZ,SnCH2CH,C02Me and tin in butyl acrylate. In 
these experiments roughly 0.1 mol(31.2 g) of Cl,SnCH,CH,CO,Me was treated 
with the appropriate amount of powdered tin in butyl a&ate (100 g). Reac- 
tions were performed under nitrogen at 60°C and 1’ml samples were removed 
‘periodically for examination by NMR spectroscopy_ In these experiments the sol: 
vent, butyl acrylate, served as an internal standard. 

& a typical experiment 31.22 g (0.10 mol) of ClgSnCH,CH$OIMe was added 
to 11.87 g (0.10 mol) of powdered tin in 100 g (0.78 mol) butyl acrylate. Stirr- 
ing was commenced and the temperature was quickly (approximately 5 min) 
raised to 60°C. The first sample was then taken and the temperature maintained 
at 60°C (+0.5”) throughout the experiment. NMR spectra were recorded imme- 
diately or samples were stored at 0°C until the spectra could be recorded. 

In experiments where hydrogen chloride was added the addition was comm- 
enced when 60°C was reached. 

(b) Reactions between Cl$3nCHzCH2C02R and tin in various solvents. These 
reactions were all performed with powdered tin and carried out under dry nitro- 
gen. The details and results of these experiments are presented in Table 4. 
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(iv) The reaction between Cl&kCH,CH,CO,Me and BuJSnH in methyl acryl- 
ate. To a solution of 1.0 g (3.20 mmol) of Cl,SnCH$H,CO,Me in methyl acryl- 
ate (4.77 g, 3.18 mmol) at 20°C under dry N, was added dropwise 0.0926 g 
(3.18 mmol) of Bu,SnH with stirring. The reaction mixture was allowed to stand 
overnight and 30 ml of n-hexane was added. Filtration yielded 1.20 g of a white 
solid which was recrystallised from methanol to yield 0.60 g (52%) of Cl$n- 
(CH,CH,CO,Me),. Bu,SnH was prepared according to the method of Van der 
Kerk et al. [14]. 

CISn(CH,CH,COIMe), was prepared according to the method of Van der 
Kerk and Noltes [19]. 
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