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1,3-Bls(boryloxy)tetraalkyldistannoxanes, ~“\B-O-SnR,]zO, 
[G\O/ 

R = Me, Bu; G = CMe,CH,CHMe-, -CMe,-CMe,- and -CHMe-CH,- have 
been prepared from durlkyltm oxide and pyroborate, or directly from dialkyltm 
oxrde, boric acid and glycol A duneric structure for these compounds rs pro- 
posed on the basis of molecular weight, IR and PMR studies. The reactivity of 
the Sn-_O-B bond towards PhNCO and Me, &Cl has been demonstrated. 

Introduction 

Tributyltm(IV) boroxanes have been synthesized recently by a number of 
routes [l] . In contmuatzon of thus work, we now report the synthesis and a 
few reactions of some novel dialkyltm(IV) boroxanes 

Results and discussion 

Azeotropic dehydration of a mixture of alkyltin oxrde and bone acrd 
constitutes one of the most convenient methods of forming B-0-Sn bonds, 
and the method has been utrbzed to synthesize trrs(klbutyltin) borate [I] and 
other tns(trialkyltm) borates 12 J - 

C6H6 
3(Bu,Sn),O + 2HsBOs __+ 2 (Bus SnO), B + 3 H, Ot (1) 

The method 1s not successful, however, in case of dibutyltm oxide and contrary 

* For part 11 see ref 2 



[3] to have isolated cychc stannoboroxane (I) by the fol: 

P\ /Ok 3 Bu, SnO + 2 H,BO, + Bu,Sn,o/B-O-SnBu2 -O-B,o,SnBu,+ 3H,Ot _ 

(I) 
(2) - 

We obtained a mixture of unreacted dibutyltm oxide and boric anbydnde 
(irrespective of molar ratio of reactants) after azeotropic removal of water with 
toluene. It seems that &butyltin oxide and bone acid (or its anhydride), being 
isoluble in the reaction medium (benzene or toluene) are unable to enter into 
reaction. 

Dibutyltin oxide also fails to dissolve in an excess of isopropyIborate even 
on refluxing for lo-12 h, showing that there 1s no transfer of rsopropoxy 
groups from boron to tin. 

On the other hand, cychc pyroborates, e g , 2,2’-oxyhs(4,4,6-tnmethyl- 
1,3,%dmxaborinane), drssolve drbutyltin oxide at 120-136” (2 h) to grve a clear 
Iiqurd, which solid&es at room temperature This sobd gives a clear solution in 
benzene showing that no BusSnO 1s present. The reactions were run at dti- 
ferent molar ratios (eqns, 3 and 4). 

A 
2 Bu,SnO + QOQ - QOSnBu,OSnBu,OQ (3) 

(II) 

/” 
(UO) Q = -B 

‘0 
(13b) 

0 

/ 
0 = -B 

\ I 0 

x 2 Bu,Sn(OQ), 

2 Bu$nO + 2 QOQ --III (W 

y (II) + QOQ 
(4) 

The stannoboxanes (II) are obtained m quantitatrve yrelds, and can be 
recrystallized from acetomtnle. Reaction (4) appears to follow course (Y) 
rather than (X). The mfrared spectrum of the product showed it to be a 
mixture of (II) and unchanged pyroborate. The latter could be easily removed 
by washing the product with acetonitnle, so that pure (II) was left. 

_ Derivatives (II) could also be prepared directly from a mixture of drbutyl- 
tm oxide, bone acid and the glycol (hexylene glycol or pmacol) by removing 
water azeotropically tvlth benzene, e g., 

2 BU.$nO + 2 H-,80, + 2 
m-+6 - KIa) + sH,O f c3 
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It should be mentioned that dlbutyltm glycolates [4] are also obtamed by 
azeotropic dehydration of a murture of dlbutyltm oxide and the glycol, e g., 

OH 

BQnO + -c- 0 

w-46 / 
c BuzSn 

‘0 

+H2d (6) 

OH 

Thus, the absence of any dlbutyltm glycolate m the reaction (5) indicates that 
the glycol reacts preferentially with bone acid with the formation of alkylene 

hydrogen borate, Gy> B-OH, which, unhke bone acid, IS soluble m benzene 
0 

and is capable of reactmg mth Bu,SnO. It is also possible that the hydrogen 
borate IS first dehydrated to pyroborate, which reacts with Bu,SnO as m eqn 
(3). 

Attempts to prepare denvatlves (III) by reaction (7) also fded, and m- 
stead a mixture of (II) and pyroborate was obtamed 

BuzSnO 

It ‘IS noteworthy that earher attempts to prepare the &con analogues 
[5] of (III), 1-e. R,Sn(OSiMe,),, by cohydrolyms of a murture of R, SnCl, and 
Me,SGl were unsuccessful, for example, with R = Me the product was mvan- 
ably 1,3-bls(tnmethylslloxy)tetraalkyldlstannoxane, (Me, SiOSnR, )2 0. 
Schmldbauer 163 prepared Me, Sn(O&Me, )2 by another route (8) 

MeaSnC1, + 2LlOSIMe, * Me, Sn(OS&Ies )2 + 2L1cl (8) 

and reported that whereas Me3 SnOS&Ie3 1s stable up to 200”, the former de- 
composes above 150” and m&mediates of the type Me3 SiO(SnMezO), S&lea 
may be detected m the decomposition products by IR and NMR spectroscopy. 

Attempted synthesis of (III) by route (9) was not successful, mamly 
because of the very low solublllty of (IV) m the reaction medmm Even with 
large excess of (IV), the product contained some chlorine. On the other hand, 
tti route was satisfactory for the preparation of the correspondmg tnbutyltm 
denvatrve [l] - 

Bu,SnCI, + P 
2 NaOB 

‘0 

- 6u2Sn(0-B 

2 + 2 NaC’ (g) 



Reactzons of type (3) and (5) with Me&n0 are comparatively slower and 
reqtnre longer reaction times and a higher boilmg solvent (e.g. toluene): 

2Me2Sn0 + 

2Me,SnO + 2H-$O, + 2R’ 
\ 

OH 

0 0 0 

Fa , O-G-O = P~J, O-G-O = PC, 0 -_G-_O = -c 
0 

0 0 

The lower reactivity of (MesSnO), may be related to its higher degree of 
polymenzation. It should be mentioned that reaction (10f) farIed with ethylene 
and trunethylene glycols; (Me,SnO),, remained msoluble even after refluxmg 
for about 12 hours. In case of ethylene glycol, the non-reactivity may be due to 
the insolubility of the pyroborate itself. However, the pyroborate of trunethyl- 
ene glycol is a miscrble hqurd 173, and its non-reactlvlty with (MesSnO), is 
somewhat surpnsmg. Perhaps it mdicates a relationship between the nucleo- 
philrcity of boryloxy oxygen of the pyroborate and Its capacity to attach and 
react with dialkyltiu oxides. However, it should be remembered that reactions 
of type (11) were quite facile even wth ethylene and trimethylene glycol [l] : 

OH 
/ 

(h3Sd20 + 2 H,BO, + 2 G /OlG + 

- 2 B+s”oB1oi 

5H 0 1 
2 

(11) 
\ 

OH 

Dr&nnoxanes of the type XRs SnOSnRs X, where X IS an electronegative 
substituent (e-g.. Cl, Br, I, OAc, OPh, OSiMesNCS, etc ) have been prepared m 
recent years and there has been some interest m their structure [S] . Molecular 
weight, intied, PMR and X-ray data as well as a recent ’ 1 gSn NMR and 
Mossbauer study show &menc nature and ladder like structure for these com- 
pounds. The data available to us for derivatives (II) and (V) mdicate that these 
frt mto the general pattern. 

Compounds (II) and (V) are dunenc m benzene at room temperature 
(osmometry) but m refluxing benzene the association tends to break down to 
some extent The dimenc nature rs further confirmed by the PMR spectra of 
(V) In all three denvatives, the methyls on tm appear as two singlets, which 1s 
consistent with structure (VI). 

IR spectra of (II) and (V) also show two peaks for the B-O-Sn stretch at 
1280 + 10 and 1260 i 10 cm- ’ _ These and the Sn-0-Sn peaks of (II) and (V) 
are shown m Table 1. In view of the reduced donor character of the oxygen, it 
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00 
I 
Sn Me2 
I 

I 
SnMe, 
I 

00 

will be mterestmg to confirm these ladder-hke structures by other tech- 
niques. 

In an imtial study of the reactions of the Sn-O-B bond m the distan- 
noxanes (II) and (V) the compounds were treated with phenyl isocyanate and 
trimethylchlorosilane. An msertlon reaction (12) occurs with the former where- 
as with the latter, cleavage of Sri-0 bond takes place (13). 

B-0-StMe, f (CISnMe2)20 (13) 

The completeness of reaction (12), which was exothermic m benzene, was 
indicated by the complete disappearance of v(-N=C=O) at 2270 + 10 cm-l 
19-J and the appearance of Y(C = 0) at 1625 cm-l In view of the greater iomc 
character of the Sn-0 bond than of the B-O bond, msertion of PhNCO 
should presumably occur with the former. Insertion into B-O bond IS very 
rare, and has been demonstrated only m the case of Ph,B(OMe) [ 101 Reaction 
(13) is also exothernnc and the borosiloxane obtained has recently been pre- 

(Contmsdp 374) 

TABLE 1 

IR SPECTRA 

Compound v&3-0-Sn) 
(cm-l ) 

u&h-o--Sn) Me2Sn peaks 
(cm’-* ) (7) 

am 1285 1267 595,577 
(IIb) 1272 1255 595 575 
(Va) 1290 1270 615 590 940 956 
(vb) 1285 1255 605,580 936 943’ 
WC) 0 610.585 9 30.9 3Sd 

o Aament anth any amount of certamty IS &fflcult as strong peaks are absent In 1250-1300 cm-1 
-OP. b At 7 8.83 ppm doublet J 6 Hz (6 protons), T 8 80 snglet (12 protons). T 8 13-8 53 multwlet 
(4 protons) 7 5 4-6 25 complex multlplet (2 protons) c At r 8 90 srnglet (24 protons) d At 7 8 75 
doublet J 6 Hz (6 protons) T 6 17-6 63 multwlet (4 protons)- f 5 28-6 08 complex mtdt.Kdet (2 
protons) 
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pared by a slmti reaction of Z-(trlbutylstannoxy)-4,4,6-tnmethyl-1,3,%drox- 
abormane. 

The reactions of clmlkyltm oxide anth boric acid and glycol are sum- 
marised in Table 2, and mth pyroborate m Table 3. 

Experimental 

All the glycols were distilled before use Dlbutyltm oxide (Nltto Kaser and 
Co, Japan), dlmethyltm oxide (Ventron, Alpha, Alpha corpn. USA), and boric 
acid (E. Merk, In&a) were used as supplied. The pyroborates of hexylene glycol 
and pmacol’ were prepared by removmg water azeotroplcally from a mixture 
of boric acid and the glycol m benzene 

Boron was estimated by Thomas’ [ll] method, Carbon and hydrogen 
analyses were carried out by the Austrahan mzcroanalytlcal service CSIRO, 
Melbourne, Austraha- Infrared spectra were recorded with Nu~ol mulls on 
Berkin - Eimer model 337-gratmg spectrophotometer usmg KJ3r optics. PMR 
spectra were recorded on a Varian A60 spectrophotometer. Molecular weights 
were determmed both ebulhoscoplcally and osmometrlcally in benzene. 

(I). Reaction between dtbutyltrn oxrde, borrc acrd and hexylene g&co1 
{a) Removal of water azeotropically with benzene from a mixture of 

dlbutyltm oxide (5 28 g, 21.21 mmoles), boric acid (1.53 g, 24.19 mmoles) and 
hexylene glycol (2 51 g, 21 27 mmoles) folIowed by drying of the product m 
vacLo yielded (Ha) (m-p. 5’7”) (8 g, 98% yield) as a whrte sohd, recrystalhzed 
from acetomtnle (Found- C, 43.8, H, 7 9, B, 2.8. CZ 8 Hso Bz 0, Sn2 calcd - C, 
43.8; H, 7.9, B, 2 8%) 

(b). Removal of water azeotropically mth benzene from a murture of 
dlbutyltin oxide (3 45 g, 13.87 mmoles), bone acid (1.70 g, 26 79 mmoles), 
and hexylene glycol (3.28 g, 27 54 mmoles) yielded a viscous liquid, which was 
then treated with acetomtrlle to sve (Ha) as msoluble white sohd yield (2 8 g, 
53%) (m.p 57%). Evaporation of the washmgs left pyroborate (authentic IR 
spectrum). Sun&u reactions are summarized m Table 2. 

(2). Reacfron between drbutyltln oxrde and 2,2’-oxybrs(4,4,6-timethyl-1,3,2- 

dtoxabonnane) 
(a) A murture of dlbutyltm oxide (2.7 g, 10 83 mmoles) and pyroborate 

(1 49 g, 5 52 mmoles) was heated for about 4 h at a bath temperature of 
12040”. On coohng a white sohd (which was completely mlsclble pnth ben- 
zene) was obtamed, and gave (IIa) after recrystallizmg from acetomtnle (m p. 
57”) (4 18 g, 98% yield). (Found B, 2 7. C,,H,,B20,Sn2 calcd.: B, 2.8%) 

(b). A mixture of drbutyltm oxide (4.7 g, 18.91 mmoles) and pyroborate 
(5.1 g, 18.91 mmoles) was heated for about 4 h at a bath temperature of 
120-40” to yield a mature of white sohd and viscous liquid This was then 
treated with acetomtrile to gwe (Ha) as an msoluble product (m-p. 56”) (3 2 g, 
44%). Evaporation of the washmgs gave pyroborate (authentic IR spectrum). 

Snnilar reactions are summarized in Table 3. 

* s?%Yiene giycol = 2-methyl-2.4-pentaneddlol pmacol = 2.3-dxmethyl-2 3-butanedzol 
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(3). Reaction between dlmethyltm oxrde, bone acrd and ethylene glycol 
Removal of water azeotroplcally v&h benzene from a mixture of dun- 

ethyltin oxide (1.29 g, 7.83 mmoles), bone acid (0.48 g, 7 74 mmoles), ethyl- 
ene glycol (0.48 g, 7.74 mmoles) and benzene (= 60 ml) gave soluble (0.38 g) 
and msoluble (1.64 g) portlons on decantation. The analysis of the msoluble 
product (Found: B, 3.2, 5.9, 4.7, CSHzoB207Snz calcd.: B, 4.4%) and its 
mfrared spectrum showed that the reaction does not proceed m the forward 
direction. 

(4) Reaction between dzmethyltrn oxrde, boric acid and trrmethylene glycol 
Azeotroplc removal of water from a mrxture of dnnethyltm oxide (140 g, 

8.5 mmoles), boric acid (0.53 g, 8 55 mmoles), -ethylene glycol (0.68 g, 
8.94 mmoles) and benzene (= 60 ml) yielded soluble (0.66 g) and msoluble 
(157 g) potions. (Found: B, 2 86,2 63 CIoH24Bz07SnZ calcd.- B, 4 2% ) 
The infrared spectrum revealed that the reaction had not proceeded m the 
forward dire&on. 

(5) Reactron between (Va) and phenyl zsocyanate 
Phenyl lsocyanate (0.29 g, 2.44 mmoles) was added dropwlse to a solution 

of (Va) (0.74 g, 1 24 mmoles) m benzene (= 5 ml). The reactlon proceeded 
exothermally with the separation after 20 mm of a light brown solid, which 
showed no free lsocyanate peak. (Found B, 2 4. CsO H, s BzNz09Sna calcd : 
B, 2.6%) 

(6) Reactaon between (Va) and trimethylchlorosrlane 
Trnnethylchlorosllane (0.42 g, 3.87 mmoles) was added dropwlse to a 

solution of (Va) (0 96 g, 1.60 mmoles) m benzene (= 5 ml). The reaction was 
exothermlc, Tnnth separation of white solid. DBtrllation gave 2-(trunethyl- 
siloxy)-4,4,6-trimethyl-1,3,2&oxabormane, as a colourless hqmd at 76-77” /8 
mm (0 16 g) and left 1,3-d~chlorotetra.methyWannoxane as white solid (0.6 g) 
m the &sfAlatlon flask (Found: C, 13.1; H, 2.8. C4H,2Cl~OSn~ calcd.: C, 
12.5;H,3.1%.) 

(7) Reactron between dtbutyltzn oxtde and borrc acid 
Azeotroplc dehydration with toluene (= 60 ml) from a mixture of 

&butyltm oxide (4.71 g, 18.93 mmoles) and bone acid (0 78 g, 12 58 mmoles) 
yielded a white solid (yield calcd. 5.15 g, found 5.26 g), mth an IR spectrum 
identical with that of authentic BuzSnO 
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