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STANNOBOROXANES 

II*. SYNTHEXXS AND REACTIONS OF TRIS(TRIALKYLTIN) BORATE3 

S K MEHROTRA, G. SRIVASTAVA and R C. MEHROTRA 

The Chemrcal Laboratones, Umuerszty of RaJasthan Jarpur 302004 (Indra) 

(Received June 15th, 1973) 

Tris(trialkyltm) borates B(OSnRa)a (R = Me, Et, Pr, Bu, i-Bu and Ph) 
have been prepared by estenficatlon of bone acid with tnalkyltm hydroxide or 
bls(tnalkyltm) oxide. These reacted with boric anhydnde to give the corre- 
spondmg tnalkyltm metaborates (Ra SnOB0)3 Reactrons of tns(tnbutyltm) 
borate with hydrogen chloride, acetyl chloride, acetic acid, acetic anhydnde, 
phenol, butanethrol, thiophenol and isopropyl acetate have been studied. The 
m&red spectra of these compounds are discussed 

Introduction 

In the first part of this series [l] , we described the synthesis of !&(tn- 
butylstannoxy)-1,3,2dioxaborolanes, boroles and bonnanes by various routes. 
The present paper deals with some new tns(tnalkyltm) borates 

Results and discussion 

The new compounds were prepared m quantitative yields by the following 
general route- 

2 B(OH), + 3 (Ra Sn), 0 (or 6 R, SnOH) &J-&, 2(RaSnO),B+3H,0 

(or 6 H, O)_ 

Water formed during the reactions was fractlonatxxj out azeotroplcally with 
benzene. The completion of the reactions was confirmed by the complete 
disappearance of Sri-O-Sn or OH peak and also by the formation of a new 
broad band due to B--O-% m the range 1270-1300 cm-l range [l]. The 
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TABLE 2 
PREPARATION OF TRIALKYLTIN METABORATES 

B<OSnR3, 
C& 
(mmoles) (mmoles) 

Temp 
ec, 
(h) 

Product v,(BOSn) Metaborate 
km-l> m 

(cm-*) 

Boron 
tourad 
(calcd.) 
(%I 

084 009 
(1 26) (1 29) 

092 0 09 

(115) (1 29) 

268 0.20 
(2 88) (2 87) 

0 67 005 
(0 72) (0 72) 

100 (OBOSnRt3)3 1295 732m 

(1) 742m 

140 <OBOSnR& 1295 732m 

(3) 742m 

240 (OBOSnBu3)g 1296 730m 
(3) 742m 

180 (OBOSnBu-1313 1290 732~s. 
(4) 744s 

reactions are complete wlthm 4-5 hours. On dlsttiatlon under reduced pressure, 
these compounds undergo slight dlsproportlonatlon mto bls(tnalkyltm) oxide 
and boric anhydride, as 1s demonstrated by the appearance of a weak Sri--O--� 
Sn peak in the range 740-84 cm-l. 

Data for the tns(tialkyltm) berates are presented m Table 1. 
On heating tns(trialkyltin) berates with boric anhydnde, the latter slowly 

dissolves with the formation of trialkyltin metaborate (Table 2), and the tem- 
perature of dxsolution mcreases from 120-240” from ethyl to butyl denvatlves. 
The ease of such group exchange, leading to metaborates, appears to mcrease m 
the followmg order. 

Ct31 < Siizl < Gec41 < Sn 

L&e tns(tialkyltm) borates, tnalkylfzn metaborates may also be prepared 
directly from bis(trialkyltm) oxide and boric anhydnde. These are colourless, 
vzscous hqulds, miscible with common organic solvents Like other metaborate 
esters they have hgh thermaI stabrllty, but disproportIonate mto orthoborates 
on &tempted dlstlllatlon under reduced pressure- 

(R,Sn),O + B203~(R3SnOBO), m vacua’ 
-B203_ 

(R3 SnO), B 
+ B2 03, 120-240” 

Reactions of tris(tributyltm) borate with hydrogen chlonde and acetyl 
chloride are exothermic, and give tnbutyltin chlorrde. 

B(OSnBu, )3 + 3 HCl -3 Bu, SnCl + H, BO, 

B(OSnBu, )3 + AcCI -3 Bu,SnCl + B(OAc), 

Reactions of tris(tributyltin) borate with ace& acid, phenol, butanethiol 
and th-ophenol also proceed with th_e_ cleavage of tin-oxygen bond and the 
negative group attaches to the organotin moiety. 

B(OSnBu,), + 3 AH- 3 Bu,SnA -t H,BO, 

A = CH,COO, SBu, SE%, Ol?h 



It IS advantageous to carry out these reactrons m benzene medmm, as one of 
the products, boric acid, is precipitated out, and can be easily separated by 
fIRration. All these reactions are qmte fast, as shown by their exotherm%- 
nature, but to ensure completion, the reactron mixtures were kept ovemlght a’t- 
room temperature. 

Ikis(tributyltin) borate also reacts exotherrmcally with acetic anhydrid&: 
with the formatron of trrbutyltm acetate and boron trracetate (or diboron _ 
tetraacetate oxide), but it is rather difficult to separate the products, tic: i 
trional crystalhzation from benzene gave tnbutyltm acetate m 50% yield. - 

Analogous reactions of trialkyltin alkoxides, Rs SnOR with AcCI 151, RSH f- 
[6], acetic acid 171, have been pre\nously reported. Qualitatively, there does ’ 
not appear any appreciable difference m the reactivlties of Sn-U-C and‘- 
Sri-O-B bonds towards these reagents. However, there 1s a notable drfference 
towards alkyl acetates. In the case of former, transestenfication 1s facile, but 
there appears to be no reaction with the latter, Because of (p + p)~ bonding 
between boron and oxygen, the nucleophllrcity of boroxy - oxygen may be 
somewhat reduced, and the folIowing mterxnedrate necessary for transesterifrca- _ 
tion is less likely to be formed: 

R”0 c R’ 

/I 
0 

It should be mentioned that balky1 berates hkewfie far1 to react with 
esters under normal conditrons [8] . 

IR and NMR spectra 
Lrketrrsjtr~butyltm) borate 111, other tris(trialkyltin) berates and tialkyl- 

tin metaborates show the strongest peak m then infrared spectra in the range 
12’70-1300 cm- ‘. Ths may be assigned to v,, (B-O-Sn). The exact positions 
are given in Tables 1 and 2. The assignment is supported by the fact that on 
cleavage of the B-O-Sn bond, this peak &sappears completely. 

In metaborates, a strong absorption appears near 2360-2365 cm--l, wh~h 
may be due to v(B--O) m the nng Exact poslt~ons are as follows. (0BOSnEta)s 
1360 cm-‘, (0BOSnPrs)s 1365 cm-‘, (OBOSnBu& 1365 cm-‘, (OBOSnBu-~)a 
1365 cm-‘. 

Strong absorptions near 720 and 735 cm-l are characteristic of metabo- 
rates, and probably arise from out-of-plane vlbratlons of the BsOs skeleton. 
These peaks appear at 732 and 742 cm’-’ in tr&kyltm metaborates, and are 
absent in (Ra SnO)sB. 

The punty of (Me, SnO),B [singlet at r 9.80 ppm; J(l laSn-C-H) 59 
Hz; J(l I7 Sri-C-H) 57 Hz] and (Ph,SnO),B (complex multlpIet at T 2.52 
ppm) was also checked by PMR spectra. 
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Experimental 

All the tnalkyltin hydroxides or bLs(tnalkyltiu) oxides were used as sup- 
phed. Benzene (B.D.H , L R.) was kept overnight on sodium wire and distilled, 
and was finally dned azeotropically with ethanol. 

Methods of analysmg boron and tin have been described earher Cl J _ Car- 
bon and hydrogen analyses were camed out by M/s Austrahan MicroanalytIcal 
Service CSIRO, Melbourne, Austraha. 

Infrared spectra were recorded on Perkin - Elmer 337 gratmg spectro- 
photometer. PMR spectra were recorded on an Mz 60 D machme. 

(1) Preparatron of trrs(trzmethyltm) borate 
Azeotroplc removal of water from a mixture of trimethyltm hydroxide 

(4 1 g, 22.69 mmoles) and bone acid (0.47 g, 7.58 mmoles) gave a colourless 
hqmd (4.0 g, 89%yleld), b-p. 130-132”/14 mm (Found B, 2 1, C, 20 8, H, 5.2 
C, H,,OsBSns calcd.. B, 2.0; C, 19.6, H, 5 0% ) 

Tris(tnalkyltm) borates prepared by this method are &ted m Table 1. 

(2) Preparation of trrbutyltm metaborate 
(a) On heating a mixture of tns(tnbutyltm) borate (2.68 g, 2 89 mmoles) 

and boric anhydnde (0 202 g, 2 902 mmoles) at 240” ca 3 h, the latter dls- 
solved to give clear colourless hqurd, miscible with benzene 

(bj. Heating a mixture of bis(tnbutyltm) oxide (4 16 g, 6 99 mmoles) and 
bone anhydnde (0 49 g, 7.04 mmoles) for ca 2 h at 200” yielded tnbutyltm 
metaborate (characterized by IR spectrum) 

(3) Reachon between trrs(trrbutyltm) borate and hydrogen chlorrde 
On passmg dry HCL gas through a solution of tns(tributyltm) borate (2 56 

g) m benzene (= 70 ml) for ca 3 h, an exothermic reaction took place with 
preclpltation of boric acrd (0.16 g, 95% yield) (Found: B, 17 0. HaBOa calcd: 
B, 17.4%) Drymg and distillation of the filtrate gave tnbutyltm chloride (2 3 g, 
85% yield) (authentic IR spectrum). 

(4) Reaction between tris(trtbutyltm) borate and acetyl chlorrde 
Acetyl chlonde (0.54 g, 6 88 mmoles) and tns(tnbutyltm) borate (1.68 g, 

1.81 mmoles) reacted exothenmcally m benzene (= 10 ml) A whrte gelatmeous 
solid separated and was removed by decantation The hqmd on dlstillatron gave 
tributyltm chloride, b.p 89”/0 I mm (1.4 g, 79% yield) (authentic IR spec- 

trum) 

(5) Reaction between tri~trzbutyltzn) borate and ace&c acrd 
On addmg acetic acid (0.35 g, 5-84 mmoles) dropwlse to a solution of 

tns(tnbutyltin) borate (1.80 g, 1.94 mmoles) in benzene (= 10 ml), an exo- 
thermlc reaction occurred with immediate separation of boric acid (0.106 g, 
91% yield) (Found: B, 16.7. HsBOs calcd.: B, 17.4%). The filtrate after 
removal of solvent gave tnbutyltin acetate, m.p. 84”; 2 0 g, 98% yield (Found: 
OAc, 17.0 C1,+H3e02Sn calcd.: OAc, 17.3%) (authentic IR spectrum). 



added to trisCtributyltin) borate (1.41 g, 1.52 mmoles) in benzene (_= 10 ml); 
bone acid precipitated out (0.057 g, 77% yield) (Found: B, 17.0. HaBOa 
caicd: B, 17.4%). Distillation of the filtrate gave tnbutyltm phenoxide (1.3 gf 
74% yield1 at 140=/6.4 mm (Xt. b.p. lSr/l mm.) (Found: Sn, 36.8 
C1 s Ha z OS’ c&cd.: Sn, 3LW.j (authentic 12 spectrum). 

(7). Reaction between t&(trtbutylkn) bomte and butanethiol 
On adding butanethiol (0.52 g, 5.78 mmoles) dropwise to tris(tributyltin) 

borate (1.78 g, 1.92 mmoles) m benzene (a 10 ml), an exothermic reaction 
took place with immediate precipitation of boric acid (0.08 g, 67% yield) 
(Found: B, 17.5. HsBOs c&d.: B, 17.4%). Tnbutyltin butanethioIate (2 1 g, 
95% yield) (115’/0.1 mm; ht. 122~23’/0.2 mm) was obtamed from the filtrate 
(Found- Sn, 30.1 CrsHssSSn &cd.: Sn, 30.6%) (authentic IR spectrum). 

(8). Reactron between tm(trxbutyltm) borate and throphenol 
Stiarly, an exothermic reaction between thlophenol (1.4 g, 12.71 

mmoles) and tns(tnbutyltm) borate (3.1 g, 3.34 mmoles) in benzene (= 10 ml) 
gave bone acid (0.098 g, 58% yield) (Found: B, 16.7. HaBOs calcd - B, 
17.4%) and trrbutyltm benzenethlolate (b-p 148”/0 2 mm ht. 147”/0.2 mm) 
(3.7 g, 87% yield) (F ound: Sn, 29.8. C1 s Ha a SSn &cd.: Sn, 29.7%) (authentic 
IR spectrum). 

(9). Reaction between trrs(trzbutyltm) borate and acetrc anhydnde 
Some heat was evolved on addmg acetrc anhydnde (0.7 g, 6.86 mmoles) 

dropwise to a solution of tns(tnbutyltin) borate (1.9 g, 2.05 mmoles) m ben- 
zene (= 10 ml). On keepmg the mixture overnight, white crystals of tnbutyltm 
acetate (m-p 83”) (Found: OAc, 17.5. C1 4H3002 Sn c&d.: OAc, 17.3%) 
were obtained (authentic IR spectrum)_ 

(10). Attempted reaction between trzs(trzbutyitin) borate and isopropyl acetate 
A mixture of isopropyl acetate (0.61 g, 5 98 mmoles)and tris(tibutyltin) 

borate (1.65 g, 1.78 mmoles) in benzene was refluxed for ca 5 h. Distillation 
gave unchanged reactants. 
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