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INTRODUCTION

Among the partial kvdrolysis preduct of dialkyltin halides!»2 or pseudo-
halides!.3 there are at least two types of fairlv stable dimeric compounds which
correspond to formalas (II) or (III}). We have reported? additional stable compounds,
the dialkyltin hydroxide nitrates (R = CH;, C,H;} having formula (IV) prepared by
the reaction of dialkyitin exides with nitric acid. This paper will report the preparation
and properties of some dialkyvltin nitrate derivatives, and will make clear their
relationships. The important results obtained are given in the following reaction
scheme.

EXPERIMENTAL

Preparations of dialkbvilin nitrate hydroxide (IV) and dialkviite: dinttrate (17)

Di-r-propyitin hvdroxide rnitrate and ifs monohvdrate. Di-n-propyvitin oxide
(£0.0 g, 0.045 miole) was dissolved in a slight excess of nitric acid (0.053 mole) in
acetone. The clexr solution was evaporated at room temperature to give large crystals
of (n-C H.).SnNO,(OHj- H.O, which were recrystallized from acetone contezining a
small amount of nitric acid, m.p. 1837 {(decomp.}. (Found: C, 21.27; H, 5.82; N, 1.75;
Sn, 39.30. CgH;X0O,Sn caled.: C, 23.57; H. 5.65; N, 4.64; Sn, 39.32°%,.) The mono-
hydrate was dehydrated in a desiccator over calcium chloride for several days to give
(n-C,H.).SnNO,(OH). This change was followed by measuring the decrease in weight
of the sample, and also by noting the disappearance of the band at 1640 cm™! due to
the bending vibration of the coordinated water molecule. M.p. 183° (decomp.).
(Found: C, 24.97; H, 5.28; X, 4.90. C;H,;sNO,5n caled.: C, 25.38; H, 5-33:; N, 4.93%5.)
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Di-n-butvltin hyvdroxide nitrate (IV), di-n-butvitin dinitrate (V) and its dihydrate.
Di-n-butyltin hydroxide nitrate, (n-C H,).SnNO4(OH) was obtained by the reaction
of dibutyltin oxide (I} with an equivalent amount of nitric acid in benzene. M.p.
g92.5—95°. (Found: C, 30.85; H, 6.21; Sn, 38.16. CZH,;NO,Sn calcd.: C, 30.80; H, 6.14;
Sn, 38.035 9;.) When (I} was reacted with an equivalent amount of nitric acid in acetone
the product was contaminated with (n-Bu),Sn(NQj)s-2H,0 and unreacted (I). The
N-ray powder pattern of the product was identical with that of the compound
prepared in benzene, but the melting point range was wide and tin analysis of the
products from several runs were not in agreement with the calculated value. When (I)
was dissolved in acetone containing two equivalents of nitric acid, crystals of
(n-C,Hg)»Sn(NOy)a-2H,O were obtained, m.p. 83-87°. (Found: C, 24.63; H, 5.91;
N, 6.g6; Sn, 30.30. C H..N.O:Sn caled.: C, 24.43; H, 5.64; N, 7.13; Sn, 30.21 %.)
The N-ray diffraction pattern of this compound was clearls distinguishable from that
of {IV). When this method was tried for the methyl, ethyl or n-propyl compounds,
only R.SnNO,(OH) or the corresponding monohydrate was obtained even when an
excess of nitric acid was used. On heating (n-C,;Hy),Sn{NO;},-2H.O under reduced
pressure, (n~C Hg),Sn(NO,), (V) was obtained, m.p. 83-87°. (Found: Sn, 33.39.
CH, N.OgSn caled.: Sn, 33.25 %;.)

Preparation of tetraalkyi-1, 3-dinitratodistannoxanes, (I1I)

In general, compounds (III) can be obtained by dehydrating compounds (IV)
on heating under reduced pressure. The n-propyl and the n-butyl compounds are
obtained more easilyv (1o mm Hg, 100°, 80°, respectively) compared to the methyl and
the ethyl compounds (10 mm Hg, 200°). Properties of the products are summarized
in Table 1. All of these compounds were easily hyvdrolysed by atmospheric moisture.

TABLE 1

TETRAALKYL-1,3-DINITRATODISTANNXOXANES, ({1])

R AM.p. 0y e, C °s H %5 N o, Sn

Q .

Found Found Found Found
(caled.} (calcd.) {caled.) (calcd .}

CH, > 230 54-31
(54-20)

CiHy 21g (dec) 19.34 1-05 5-33 48.34
(19.10) $-03) {5.68) (33.09)

n-CyH.® 153 (dec.) 26.22 5.13 5.10 $2.90
(26.22) (5.3} (5-10) {43-18)

n-C;Hq 92.5-95 32.52 6.02 326 39.05
(31.72) {3-99) {4-62) (39.13)

¢ The results of ebulliometric molecular weight determination in benzene are as follows:
1160, 1022 and 1052 at concentrations 'w{sample}iw{solvent}: 0.0066b, 0.0101and 0.02 respectively.
Caled. for [XO,(n-Pr}.Sn0OSn(n-Pr),N0, .1 1100.

Preparatioin of tetraalkvi-1-nitrato-3-hvdroxyv distannoxanes, {II)

Dialkyltin hydroxide nitrate (IV) (R = n-C;H., n-C,H,) was dissolved in
aqueous acetone and titrated with NaOt. A typical titration curve is shown in Fig. 1.
To prepare compounds {11), a slight excess of NaOH solution equivalent to a half mole
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Fig. 1. Titration curve of (n-C;H,).SnNO,(OH) with sodium hydroxide solution. When almost

half equivalent of base was added. precipitation began to occur.
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Infrared spectra of tetra-n-propui-1.3-dinitratodistannoxane, di-n-propyltin nitrate
tretching vibration
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Fig. 3. Iafrared spectra of (n-C;H,},SaNO,{OH)}) in chloroiocrm solution.
Fig. 4- lofrared spectra of Cl{a-C3H.),Sn0S5a(n-C,H;).Cl in moist chloroform solution.
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of (IV) was added to an aqueous acetone solution of (IV) to give a small amount of
white precipitate (probably dialkyltin oxide). The filtrates, on evaporation, gave
precipitates of NO,R,SnOSnR,OH. R = n-C,H,: m.p. 221-222.5° (decomp.) (Found:
C, 28.63; H, 5.71; N, 2.81; Sn, 46.80. C,,H,,NO,Sn, calcd.: C, 28.55; H, 5.79; N, 2.78;
Sn, 47.03 %.} R = n-C,Hy: m.p. 210—213°. (Found: Sn, 42.50. C;sHNOSn, caled.:
Sn, 42.33 %.})-

Infrared spectra

The spectra in the solid state were obtained as mulls in nujol or hexachloro-
butadiene. The spectra of the solutions were obtained using polyethvlene or teflon
film to protect the plates. Spectra are shown in Fig. 2 and 3. The positions and the
tentative assignments of the relevant absorption bands are listed in Tables 2 and 3.

TABLE 2

RELEVANT INFRARED VIBRATIONAL FREQUENCIES OF TETR.—\.—\LKYL-I,3-DIN1TR:\TODISTA.\';\'OX.—\.\'ES,
(IIL)

Positions of bands in cm—.

R = CHy R =C.,H; R =n-CyH, R=n-CH, Assignment

R gy e < 1526 s -

1524 S 1520 s 1520 s x;oz s} XO, str.

1318 sh < -

1;80 s } 1283 s 1273 s 1276 s XO, str.
aSg s | 985s | o= s g NO. s
9Sos | 960 sh | 975 s 975 s NO, str.
609 s Got s 600 s 596 s Sn-O str.
574 S 570 s 564 s 564 s Sn-O str.

TABLE 3

RELEVANT INFRARED VIBRATIONAL FREQUENCIES OF DIALKYLTIN XNITRATE HYDROXIDES, R,Sn-
NOQL{OH), (IV)
Positions of bands {in cm~1).

R=CH?® R=CH? R=unCiH. R=n-CiH, Assigmuent

selid stale solid state solid state

soiid stals CHCl, solution

3390 s 3313 S 3430 s 3400 s 3700 m O-H str.
1500 5 1493 5 1478 s 1379 s 1520 S NO, str.
VRe « e < g 1290 sh) e <O <
1287 s 1290 s 1280 s 1275 s | 1280 s NO, str.
994 s 9915 1010 M 1017 M 975 s X0, str.
= 5175 | =g~ 3 =86 < <
3305 5105 j 597 s 586 s 594 S Sn-0O str.
303 5 3133 ! 530 s 520 s 563 s Sn-O str.
395 sh | 5303 5 5

Titration of H.O by Karl-Fischer reagent

Dialkyvltin compounds having Sn—O bonds were titrated by Karl-Fischer reagent
according to the method developed by Kushlefsky and Ross’. The results were as
follows:
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Found Caled.

- (- Vg

sa
(n-C,H,).SniNO,}.- 2H,O S.5 9.2 (zH,O)
{n-C4H.),.SoNO;(OH}-H,O 115 119 (2H, 0O}
(C.H,).SnNO,(OH) 6.0 7.1 {H.O)
Clin-C,H.},5n0Sn{n-C;H.}.Cl 43 3.6 (H.O)

DISCUSSION

Qualilatize estinsation of the strength of coordination of NOj greup to tin

The infrared spectra of (n-Pr).SnNO,{(OH}-H,O (curve 1), {n-Pr),SnNO,(OH)
{curve 2) and NO,{n-Pr).SnO5n(n-Pr),NO, (curve 3} are shown in Fig. 2. In curve (1)
the band at 1330 cm™! is ascribed to the degenerate stretching of the NO; group having
D, svmmetry®and a very weak band at 1040 cm™ is ascribed to the infrared forbidden
symmetric stretching mode. The appearance of the forbidden NO,; symmetric stretch-
ing frequency may be due to the deformation of the ion in the molecular field of the
cryvstals?.

On the other hand in the spectra of the other two compounds the degeneracy
of the asymmetric frequency is removed and bands at 14S0-1520 and ~ 1280 ¢m™!
are observed. Also the bands at ~ 1040 cm™! is much stronger. These changes suggest
that the NO, group has €, svmmetry in the latter cases®. Therefore the hyvdrate may
contain an ionic nitrate as represented by the formula, {{n-Pr}.Sn(OH)-H.O *NO4,
while in {n-Pr}.SnNO{OH)} and NO,(n-Pr).SnOSn{n-Pr},NO,, the NO,; groups are
ccordinated to tin.

It can be seen In Fig. 2 that the degree of distortion of the NO; group as it
assumes C.,, svmmetry is reflected in the frequency shifts of the NG; stretching bands
in going from the hvdrate to the distannoxane. This suggests that the relative strengths
of cocrdination of the NO, groups decrease in the order NOR.SnOSnR.NO; >

3 O

R.SnNO4(OH) > R.SnNO,(OHj- H.O.

Structiere of tetraalkvi-1,3-dintiratodistannoxane

‘The relevant infrared frequencies of these compounds shown in Table 2z were
selected by comparing the spectra with those of the corresponding halides. Molecular
weight determinations in benzene show that the propyl compound is dimeric. The
infrared spectra of these distannoxanes show a broad band near 6oo cm™?, which is the
characteristic Sp—0-5n stretching vibration of dimeric distannoxanes! 2.5 These
compounds must have a dimeric structure represented by (A) or (B) below.
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In structure (A), there are two kinds of tin atoms, consequently there may be
two different kinds of NO, groups on tin. In the cases of (R,SnNCS),03 and [(CH,),-
SI0R,Sn},0%, the presence of two kinds of substituents have been confirmed by means
of infrared spectra. On the other hand, the data of Table 2 indicate that onlyv one kind
of NO, group is present, although there are slight differences when the alkyl groups
are methyl, ethvl and butyl. Accordingly structure (B} should be considered. In this
structure the bridging NQOj; group would enhance the tendency toward dimerization.
Considering that the molecular weight was measured in hot benzene, dimerization in
the case of these compounds is strong by comparison with tetramethvl-1,3-bis(tri-
methylsiloxy)distannoxane which is monomeric in hot CHCl, and dimeric at room
temperaturel®.

Structure of dialkvitin hydroxide nitrates R.SnNO,(OH), (IV)

The possible structures of the methyl and ethyl compounds have been discussed
in the previous reportt, in which OH-bridging structures were proposed. However, the
structure of the propyl and butyl compounds seems different because, as shown in
Table 3, in these comnpounds the positions of the infrared absorptions due to the Sn-O
stretching vibrations appear at much higher frequencies than those of the methyl
and ethyl compounds. Also given in Table 3 is data from the spectrum of (n-C,Hg),-
SnNO,(OH) in chloroform solution. The frequencies due to the NXO, vibrations and
Sn-0 vibrations are quite similar to those of NO;R,SnOSnR,NO, listed in Table 2.
In addition a band at 3700 cm™! due to free water is observed. This was confirmed by
comparison with the spectrum of moist CHCl,. Spectra in the 30004000 cm™! region
of solutions of various concentrations are shown in Fig. 3. With increasing con-
centration, an additional OH band appears at 3370 cm™1, which was not observed in
the spectrum of moist CHCl,. This new band is considered to bhe associated with
the coordinated OH stretching vibration of (n-C;Hg).SnNO,(OH) in solution. There-
fore it is suggested that in a dilute solution, two molecules of (n-Bu).SnNO,(OH) may
produce one molecule of H,O and NO,(n-Bu),SnOSn(n-Bu),NOy, but in concentrated
solution, some sort of equilibrium exists:

Titet

{ute
"2 N0, (n-Buj,Sn0Sn(n-Bu),NO; = H,0

concuntrated

(n-Bu)SnXNO4,(OH) 3

To confirm this equilibrium, solution spectra of (n-Bu),SnNO,(OH) in various
solvents were measured. In cyvclohexane, the NO, stretching frequencies were found
near 1540, 1275 and gbo cm! and the spectra resembled those of NO,4(ri-Bu),SnOSn-
(n-Bu),N0O;. On the other hand, in polar solvents, acetone or nitrobenzene, the cor-
responding bands were found at about 1460 and 1275 cm™!, but the third band,
which is weak, could not be observed. These two bands resembled those of (n-Bu).,-
SnNQO,(OH) in the solid state. In addition, in polar solvents the coordinated OH
stretching frequency was observed at near 3400 cm—. Thus in polar solvents, (n-Bu) -
5nNO4(0OH) is the predominant species, while in non-polar solvents NO,(n-Bu).-
SnOSn(n-Bu),NO, predominates.

These results resemble those reported by Friete et al. ** and Kriegsmann ef al.*?
who studied the behaviour of triphenyltin hydroxide in divergent solvents by means
of infrared spectroscopy and found that (CgH;);SnOH is in equilibrium with (C;H;) 4
SnOSn(C.Hy), in solution.
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Existence of R.SnCI{OH) in sclution

The facts described above suggest that distannoxane derivatives XR.SnOSnR,X
(X = halogen, pseudohalogen) might be changed into R,SnX(OH) in solutions con-
taining H.O.

XR,SnOSaR,X + H.O == 2 R,SnX(OH)

Infrared studies confirm this and the results are shown in Fig. 4, where it is seen
that moderately concentrated solutions of Cl{(n-Pr).SnOSn(n-Pr),Cl in moist chloro-
form have a weak absorption band at ~ 3400 cm™! due to the coordinated OH
stretching vibration. The existence of R.SnCI{OH) in solution is further confirmed
by the fact that distannoxane derivatives are titrated by- Karl-Fischer method losing
one molecule of H,O from CIR.SnOSnR.Cl as was described in the experimental
section. The following reactions between the distannoxane and the methanol in the
Karl-Fischer reagent may have occurred as described bv Gilman and Miller about
organic silanols and silanediols!3:

CIR,SnOSnR,Cl + CH,OH == R.SnCI(OH) + R.SnCI{OMe}

R.SnCI{OH) — CH,OH = R,5aCl{OMe)} + H.O

The assumption of the presence of R,SnCI{OH) in solution makes clear the reason why,
by retfluxing equimolar amounts of R.SnCl, and R,SnO in a wef solvent, distannoxane
XR.Sn0SnR.X can be obtained smoothiyv2.
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SUMMARY

Several series of dialkyvltin (R = CH,, C,H;, n-C,;H,, n-C H,) nitrate derivatives:
dialkyitin nitrate hydroxides (IV), tetraalkyl-1,3-dinitratodistannoxanes (III}, tetra-
alkyvl-z-nitrato-3-hydroxvdistannoxanes (II) and dibutyvltin dinitrate (V) were
prepared. The structuores of (II1) and (IV) are suggested. The existence of R,SnX(OH})
where X is NO; and Cl is indicated and discussed.
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