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INTRODUCTION

The preparation of di-nz-butyvltin chloride hyvdride by hydride-halide exchange
has been previously reported!. Since this was the first example of the preparation of
an organotin halide hvdride, it was of interest to carrv out reactions to prepare other
related organotin halide hydrides, and to study their reactions. This paper presents
the resulis of our investigation of the exchange reactions of di-n-butyitin dihvdride
with di-s-butyvitin difluoride, di-z-butyvltin dichloride, di-z-butyitin dibromide and
di-n-butvitin diiodide respectively. Very recently, Neumann and Pedain® have re-
ported the preparation of several other organotin halide hivdrides and their synthetic
use, particularly through additions to olefinic and acetvlenic svstems.

RESULTS AND DISCUSSION

Di-p-butviiin chiloride hvdride!

In the case of di-r-butyltin dihydride with di-n-butyvltin dichloride in a 1:1
mole ratio a reaction occurred upon mixing at room temperature which gave a product
with a single Sn-H absorption band in the infra-red at 1853 ¢m~! along with dis-
appearance of the absorption shown by di-z-butyltin dihvdride at 1835 cm~1. This
behavior indicated that the reaction shown in equation 1 had occurred essentially
completelv to the right and that the new absorption at higher frequency was that

H
Bu,SnH, - BuSnCl, = 2BuSn {1}
'l
for di-r-butyltin chloride hydride. That the reaction could be reversed, however, was
shown by the fact that attempted distillation at reduced pressure gave di-»-butyltin
<ihvdride and di-n-butvitin dichloridet.

Di-n-bduivltn: bromide fivdride

In the case of di-z-butviiin dihvdride and di-i-butvitin dibromide in a 1:1
mole ratlo at room temperature similar results were obtained with a new single Sn—-H
absorption band in the infrared appearing at 1847 cm~? which is believed to be due
to the presence of di-n-buivltin bromide hydride.

Di-n-butyitin fedide hvdride
In the case of di-n-butyltin dihydride and di-z-butyltin diiodide in 2 1:1 mole
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ratio at room temperature there appeared to be no change in the region of absorption
in the infrared on mixing, with the observed absorption at 1§36 cm~!. By analogy
with the two previous cases it might be reasoned that a reaction had occurred and
that the absorption observed at 1836 cm~! was that for di-n-butyltin iodide hyvdride
rather than di-n-butyltin dihydride. This is not unreasonable in view of the decrease
in frequency observed in going from the organotin chloride hydride to the organotin
bromide hydride and from the closeness of electronegativities of hydrogen and iodine.
The problem to be resolved was whether or not the product obtained on mixing was
the expected di-»-butyltin iodide hyvdride or a mixture of the two reactants. \We were
not able in the two latter cases to crystallize a portion of the product from a solvent
at —70° as was the case for the organotin chloride hydride. In the case of the organotin
chloride hyvdride the product crystallized from ether was shown to be identical to that
remaining in solution by refractive indices, infrared spectra, melting points, and
analyses, all of which corresponded to the theoretical for di-n-butyltin chloride
hydridel. -

Proton magnetic resonance and infrared spectral data

It has recently been reported®? and observed also in these laboratories, that
different organotin hvdrides show characteristic chemical shifts for the protons on
tin in their NMR spectra. The problem with the organotin iodide hvdride was resolved
by proton magnetic resonance spectra taken of di-n-butvltin dihvdride and of mix-
tures of the dihvdride with each of the dihalides, respectively. In the case of the solid
di-»z-butvltin fluoride hydride spectra were run on a dilute solution of the hydride
in methanol, in which the hydride was slightly soluble. In each case, upon mixing the
reactants in equimolar quantities at room temperature, a new single resonance peak
appeared, shifted downfield from the main peak shown by di-z#-butyitin dihvdride.
Simultaneously the peak shown by the dihvdride disappeared. These results clearly
show that, in all of the cases investigated, the reaction indicated below occurs
essentiallyv completely to the right on mixing.

A

Bu,SnH. & Bu,SnX, = 2BuSn{ (2)
N
{where X = F, Cl, Br, and 1)

The effect of substituting more electronegative groups for one of the hydride
hyvdrogens on the chemnical shift due to the other proton attached to the same tin
atom is shown in Table 1. There is a progressive shift in d values in going through the
sequence H, I, Br. (i, and F.

Since N)R spectra showed the product of mixing di-z-butyltin dihydride with
di-»#-butyltin dilodide to be solely di-z-butyltin iodide hvdride, it follows that the
infrared absorption obtained at 1836 cmm—! is that for Sn—H absorptien in the organotin
halide hydnde.

Di-n-butvitin fluoride hvdride

In the case of di-n-butyltin dihyvdnde with di-z-butyltin difluoride considerable
difficulty was encountered because of the lack of solubility at room temperature of
both di-n-butyltin difluoride and the product obtained on mixing. The product was a
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TABLE 1

NMR CHEMICAL SHIFTS AND Sn-H STRETCHING FREQUENCIES FOR DI-n-BUTYLTIN HALIDZE HYDRIDES
AND DI-n-BUTIYLTIN DIBEYDRIDE

Organofin Ryvdridzss NJR ckemical skiftse  Imfrared frequencies
P Sn-H band (cm™1)
/H
Bu=Sn\ 7-56 1875
F
/H
Bu.Sn\ 7-42 1853
Cl
H
Bu.Sa{ 7-09 1847
“Br
H
Bu.S5a{ 6.08 1836
M
JH
Bu.Sal 1.58 1835
“H

2 For the proton attached to the tin atom. ¢ In parts per million from tetramethylsilane.

sticky solid making it difficuit to obtain a complete reaction. Warming for a few
minutes at 100° helped but additional heating at 100~ resulted in rapid decomposition
with gas evolution. In the infrared, upon grinding the reactants in nujol with a slight
excess of di-n-butvitin difluoride, 2 new Sn-H band was found at 1875 cm~! along
with a shoulder at 1835 cm~L. In the best of these cases the new band comprised at
least 702, of the total Sn—H absorption. In numerous preparations we were not able
to completely eliminate the shoulder at 1835 cm~! due to the starting hydride. Since
the size of this shoulder varied from one preparation to another we are prone to
attribute its presence to a lack of complete reaction because of the difficulties men-
tioned previously with a solid reactant and a solid product, rather than to some
equilibrium mixture such as has been shown to exist in the case of di-n-butyliin
acetate hydride®. The new band at 1875 cm~! we believe is due to di-z-butyvitin tluoride
hydride. This absorption, as might be expected, lies at a higher frequency than that
for the other organotin halide hvdrides of the series. An infrared spectrum of a dilute
solution prepared by mixing equimolar quantities of di-n-butyvltin difluoride and di-
r-butyltin dihydride in methanol, showed complete conversion to di-n-butyltin fluoride
hy-dride.

Some properties of di-n-buivitin halide hvdrides

All four of these organotin halide hydrides were quite stable to decomposition
involving loss of hydrogen at room temperature. They were, however, not as stable
as the parent hydride, di-n-butyvltin dihvdride. For example, di-z-butyltin chloride
hydride showed no gas evolution during the first ten hours after its formation. By
eighteen hours very siow gas evolution had started and over an additional forty hours
approximately 109, of the theoretical amount was collected. A small amount of
metallic tin also accompanied the decomposition. The decomposition of each of these
hydrides at 100° was complete over periods ranging from 20 minutes for the organotin
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fluoride hyvdride to six hours for the bromide hydride with nearly quantitative for-
mation of hydrogen. A small amount of tin was obtained in each case but that for
di-sz-butyltin fluoride hydride, varving from a trace to eight percent. By contrast, at
100° di-n-butyltin dihvdride required eight or more hours to reach a stage in gas
evolution (about 709;) at which spectra show no more dihydride present but only
absorption for some polyvtin hydride species at about 1785 cm~1. Prolonged heating
was required to remove this last hydride, and no tin was formed in the overall re-
action, in which the final product was di-z-butyltinS.

The other main decomposition product might be expected to be a 1,1,2,2-tetra-
n-butvlditin 1,2-dihalide as shown by the following general equation:

H
2BuSn{  — Bu/Sn-SnBu, + H, (3)
X
X X

1,1,2,2-Tetra-u-butylditin 1,2-dichloride has been reported” and its extreme sensitivity
for oxidation to bis{di-z-butyvltin chloride) oxide noted. Due to this, and the fact that
the reaction is accompanied by a small amount of a tin-forming reaction, this com-
pound was not obtained analytically pure, but the thermal decomposition vielded a
product whose bromine titration showed the formation of 0.97 moles of tin-tin bonds
for each two moles of di-n-butvitin chloride hydride taken. Upon exposure to air the
product was converted to bis(di-nz-butvitin chloride) oxide. It appears likely then,
that, in the case of the thermal decomposition of di-z-butyvitin chloride hydride the
main reaction is the following:

H

2Bu,Sn! — Bu,Sn-SnBu, - H, (4)
1 S

Ct Cl

Exposure to air in the case of di-n-butvitin chloride hydride gave bis{di-z-butyltin
chloride) oxide. Reactions of di-n-butyvltin chloride hyvdride with hyvdrochloric acid
and with acetic acid formed hydrogen in each case and di-n-butyltin dichloride and
di-n-butyiiin acetate chloride, respectivelyvi.

Reaction of di-n-buivlitn dihyvdride with hydrochloric acid tn a 1:1 mole ratio

When di-z-butyvliin dihyvdride was treated with hydrochloric acid and dioxane
at room temperature in a 1:1 mole ratio, abrupt cessation of gas evolution occurred
when one mole of hydrogen had been evolved. At this point an infrared spectrum
showed only Sn-H absorption at 1853 cm~! corresponding to the formation of di-n-
butyltin chloride hydride by equation (5).

H
Bu,SnH, + HCl ——» Bu,Sn{ -~ H_ {3)
Ci

Upon further standing very slow gas evolution occurred, In one case giving ten per cent
of the hvdride hydrogen in the organotin chloride hydride along with a few per cent
of tin, in forty hours. Reaction of di-n-butyltin dihydride with an excess of hydro-
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chloric acid and dioxane quantitatively gives hydrogen and di-z-butyltin dichloride.
The demonstration of the formation of di-n-butyltin chloride hyvdride using a 1:1 mole
acid/hydride ratio suggests that with excess acid reaction (5) occurs followed by
reaction ().

H
/

Bu=Sn-{\ + HCl —— Bu.SnCl, = H_ (6
Ct

Reaction (6) has been carried out separately’. An analogous case has been reported
in the reaction of di-n-butyltin dihvdride with acetic acid, in a 1:1 mole ratio, except
that when the acetic acid was used up the dihvdride and the organotin acetate hydride
were found to exist in a mobile equilibrium?. Also no tin was depesited and the sub-
sequent gas evolution and formation of the ditin diacetate were more rapid. Noltes
and Van der Kerk have observed that di-z-propyvltin dihvdride and hydrochlorie acid
in 2 1:1 mole ratio at —7o0” form a produ<t which, when distilled, vields di-i-propyl-
tin dihyvdride and di-nz-propyvitin dichloride®. Since it has been shown that di-z-
butyitin chloride hydride gives di-n-butyltin dihvdride and di-sz-butyitin dichloride
on attempted distillation, it seems likely, although it remains to be shown, that di-n-
propvltin chloride hydride was present before distillation.

EXPERIMENTAL

All reactions involving organotin hydrides were carried out in an atmosphere of
prepuritied nitrogen. Analyses for the presence of tin-tin bonds were carried out using
approximately 1.0 N bromine in carbon teirachloride standardized with excess
potassium iodide and standard thiosulfate solution. Infrared spectra were run using a
Perkin-Elmer model 21, recording double beam spectrophotometer with sodium
chloride optics. Unless otherwise noted all samples were run as liquid flms. All
melting points are uncorrected. NMR spectra were run neat, except for di-n-butyltin
Huoride hydride, with a Varian Associates A6o NMR spectrometer. Di-u#-butyltin
dihvdride was prepared by established procedures®. Di-z-butyvitin difluoride and di-n-
butvitin dibromide were prepared by the method of Alleston and Davies!®. Di-n-
butyltin dichloride was obtained from M & T Chemicals. Inc. and redistilled before
use. Di-z-butyvltin ditodide was obtained by reaction of di-n-butyvitin dichloride with
sodium iodide in acetone, ng 1.6022, having properties identical to those reported by
Sevierth ¢f al.lt.

Di-n-butvitin fuoride hydride

\When 0.61 g {0.0026 mole} of di-n-butyitin dihvdride and o.70 g (0.0026 mole)
of di-z-butyltin ditfinoride were ground together at room temperature in a mortar,
a sticky solid resulted. An infrared spectrum of this product, run as a nujol mull,
showed new absorption at 1S75 cm~? with a shoulder remaining at 1835 em~1. It was
estimated that there was at Ieast a 70 °; conversion to the new hvdride. The product
was essentially insoluble in all of a2 wide variety of solvents tried. The positions of
Sn-H absorption of this hydride and of all of the other organotin halide hvdrides are
summarized in Table 1. When the product above was heated at 100° for twenty
minutes 70 2, of gas was evolved, based on the hyvdride hyvdrogen, unattended by any
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trace of tin in the solid product. An infrared spectrum showed that no hydride
remained.

Equimolar amounts (0.00369 moles) of both reactants in methanol (25 ml) gave
a solution in which both IR and NMR spectra showed complete conversion to di-n-
butyitin fiuoride hydride.

Di-n-butyltin chloride hydride

By the method previously reported!, di-n-butyliin dihydride (2.35 g, o.0x00
mole) was mixed with di-rn-butyltin dichloride (3.04 g, 0.0100 mole) and an infrared
spectrum immediatelyv taken. This spectrum showed no Sn—H absorption characteristic
of the starting hyidride at 1835 cm™! but instead, new, single, strong absorption at
1853 cm~'. When this product was heated at 100° for three hours, gas was evolved
corresponding to 100 %, of the theoretical based on hydride hydrogen. About 1 ¢; of
tin was recovered along with a clear liquid containing no hydride.

In a separate experiment 5.38 g (0.0250 mole) of di-z-butyltin dihydride and
7.60 g (0.0250 mole) of di-n-butyltin dichloride were mixed, and heated at 100°
until no hvdride remained. The liquid product contained a trace of tin (0.07 95) which
was removed by filtration of an anhvdrous ether solution of the product. Upon eva-
poration of the ether, bromine titration of the product for the presence of tin-tin
bonds showed 97 ¢, of the uptake of bromine expected of 1,1,2,2-tetra-n-butylditin
1,2-dichloride. A small amount of the product on exposure to air was converted within
a few hours to bis(di-#-butyltin chloride) oxide as shown by melting point (r10-112°).
A mixture melting point with an authentic sample showed no depression. The readiness
of the ditin to undergo oxidation to the bis(tin chloride) oxide has been previously
noted?.

Di-u-butvitin dromide hvdride

Di-z-butyltin dihvdride (0.60 g, 0.00255 mole) was mixed with di-z-butyliin
dibromide (1.000 g, 0.002355 mole} at room temperature and an infrared spectrum
taken immediatelyv after mixing. No Sn-H absorption at 1835 cm~! shown by the
starting hydride remained, but 1n its place was found new, single, strong absorption
at 1847 cm~l. Attempts to izolate the di-»-butyltin bromide hydride from solvent at
—70° were unsuccessful. When 0.0100 moles each of di-nz-butvltin dihydride and
di-n-butyvltin dibromide were mixed and heated at 1roo® for six hours, g7 9% gas
evolution occurred based on the hvdride hydrogen present. At this time an infrared
spectrum showed that no hydride remained. Some tin {8 95) was formed.

Di-n-buivitin fodide hydride

Di-n-butylitin dihvdride (1.39 g, 0.0059 mole) was mixed with di-z-butyltin
diiodide (2.88 g, 0.0059 mole) at room temperature and an infrared spectrum im-
mediatelyv taken. Strong Sn-H absorption at 1836 cm~! was present. Since the
starting hydride absorbed at 1835 cm~?, attempts were made to isolate di-n-butyltin
iodide hydride from petroleum ether at —70° without success. NMR spectra were
run of di-u-butyvltin dihyvdride and of equimolar mixtures of di-n-butyltin dihydride
with each of the di-n-butyltin dihalides. The chemical shifts for the proton attached
to the tin atom in each case are shown in Table 1. When 0.0100 mole each of di-un-
butyvlitin dihvdride and di-z-butyltin diiodide were mixed and heated at 100° for two
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hours, 96 %, of gas was evolved based on the hydride hvdrogen present. At this time
an infrared spectrum of the product showed that no hydride remained. A trace of tin
was observed in the liquid product.

Reaction of di-n-butvitin dihydride with hydrochloric acid tn a 1:I mole ratio

To 2.08 g (0.00885 mole) of di-n-butyltin dihydride was added with stirring
0.00885 mole of 6.05 N hydrochloric acid along with 1.00 ml of dioxane. Hydrogen
was rapidly evolved (corrected volume 197 ml, 100%,) whereupon gas evolution
ceased. An infrared spectrum of the product showed the absence of absorption at
1835 cm~! such as shown by di-n-buivltin dihvdride and the appearance of ab-
sorption at 1853 cm~! characteristic of di-#-butvlun chloride hydride. In a separate
experiment di-z-butyitin chloride hydride was allowed to stand at room temperature
and the amount of gas evolved was measured as a function of time. At the end of ten
hours a small amount of finely divided tin was present although no gas had been col-
lected. By the end of eighteen hours very slow gas evolution had started and ap-
pro:dimatelyv 10 9, of the theoretical amount, based on equation 3, was collected over
the next forty hours.
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SUMMARY

Reactions of di-z-butyltin dihydride with di-z-butyltin dihalides lead to the
formation of di--butyliin halide hydrides. By this method di-s#-butyvltin fluoride hy-
dride, di-n-butyltin chloride hydride, di-n-butyltin bromide hydride, and di-z-butyltin
todide hydride were prepared. Infrared and proton magnetic resonance spectra were
obtained showing characteristic Sn-H stretching frequencies in the infrared and
characteristic chemical shifts in the magnetic resonance spectra. Di-n-butvltin
chloride hi-dride was shown to be formed during the reaction of di-n-butyltin di-
hydnide with hydrochioric acid in dioxane with a 1:1 acid/hvdride ratio. Thermal
decomposition of di-n-butyltin chloride hydride at 100° gave mainly hydrogen and
1.1,2,2-tetra-z-butvlditin 1,2-dichloride.

REFERENCES

A K. Sawver axD H. G. Kviviea, Chem. Ind. (London), (1961) 260.
\W. P. NEUMANN AND J. PEDALN, Tetrakedron Letters, 36 (1964) 2461.
3 N. FLir<rofFT axp H. D. Kakgsz, J. Am. Chem. Soc., 35 (1963) 1377.

(VI

J- Organometal  Chem., 3 (1965) 164—471



DI-2-BUTYLTIN HALIDE HYDRIDES 47X

E. AMBERGER, H. P. Fritz, C. G. KREITER axD M.-R. Kuvra, Ckem. Ber., g6 (1963) 3270.
AL K. Sawyer AND H. G. Kvuiviva, J. Org. Chem., 27 (1962) 837.
AL K. SawvEeEr axp H. G. Kurvira, J. Am. Chem. Soc., 85 (1963) 1o1o.
A. J. GieBoxs, A. K. SAwWYER AND A. Ross, J. Org. Ckem., 26 (1961) 2304.
- G. NorTEs axp G. J. M. vax peErR KERK, Functionaliy Substituted Organotin Compounds,
Tin Research Institute, Greenford, Middlesex, England, 1958, p. 63.
H. G. Kuivita axp O. F. BEUMEL, J. Am. Ckem. Scc., 83 (1961) 1246.
D. L. ALLESTOX AND A. G. DaviIEs, J. Chem. Soc., (1902) 2050.
11 D. SEYFERTH, G. RaaB AxXD K. A. BRANDLE, J. Org. Chem., 26 (1961) 2934.

YN U e

-
oL

J- Organometal. Chem., 3 (19635) 464—471



