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ORGANIC DERIVATIVES OF TIN 

VI. REACTIONS OF BUTYLTIN TRIISOPROPOXIDE WITH ALKANOL- 
AMINES 
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Butyltin triisopropoxide, BuSn(OPr-i) 3, reacts with various alkanol- 

amines, viz. HOCHz CH2 NH2, HOCH, CHe CH2 NH2 , HOCHz CH;? NHMe, 
(HOCK2CHz)2NH and (HOCH2CH2)3 N in different molar ratios to yield cy- 
clic derivatives. Identical products are obtained by the reactions of BuSnOs ,2 
with HOCHz CHs NHMe and (HOCH2 CHe )s N. Alcoholysis reactions of 
BuSn(OPr-i), with HOXNMe, (X = CH, CHz and CHMeCHz) yield distillable 
BuSn( OPr-i) 3-n (OX~ed, tn = 1, 2 and 3) according to molar ratios of the 
reactants. Molecular weights and IR spectra are reported. 

Introduction 

In view of an interesting trend observed in the reactions of alkanolamines 
with tin(IV) [l] , dibutyltin(IV) 11,2] and tributyltin(IV) 131 moieties it was 
considered worthwhile to complete the series by a study of the reactivity of 
monobutyltin(IV) moiety towards alkanolamines. A survey of literature reveals 
that no work baa been carried out on monoalkyltin(IV) derivatives-of alkanol- 
amines except for the synthesis of a few derivatives of triethandamine by 
Davies et- al. 143. The high:reactivity-of butyltin triisopropoxide towards glyc- 
ois 151, thiols [6], &&ketones [?I, unsaturated substrates 171 and-various 
protic reagents [ 83 has already been- investigated. We describe.below studies of 
the reactions of butyltin triisopropoxide and sesquioxide with various a\kanoL 
arnines in different molar ratios under various experimental conditions. 

.- 

Results and discussion 

Butyltin triisopropoxide reacts exothermally with -a ,variety of alkanol 
amines, HOXNHR, in different molar ratios to give cyclic products arising fron 
the replacement of isopropoxy groups by both hydroxyl and amino groups 
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The reactions are quite facile, and proceed to completion at ambient tempera- 
ture as represented in eqns. (l)-(4): ,- -. 

-. 
: 

C6H6 ?i. /O-i 

-BuSn(OPr-i), + HOXNHR - (71 

(I) 

&JSn(OPr-i I3 + 2 HOXNHR L ““\ PI 
RHNXi”\,i 

(21 

2 BuSn (OPr-i& 
C6*6 

+- 3 HOXNHR -----PC 

C6H6. 
BuSn(OPr-i)3 + 3 HOXNHR - Bu Sn(OXNHR13 (4) 

tm> 

(X =‘CHz CH2, CHz CHz CHs and R = H; X = CHs CHs and R = Me.) 

However, when the alcohol&is reactions of BuSn(OPr-i)s with HOXNHz 
(X = CH,CH, .and CHsCHaCHz) were carried out in-l/l and 2/3 molar ratios 
in. refluxing benzene, the reactions appear to proceed further, slowly yielding 
productswith higher tin contents. In order to force this second stage of the 
reactions, an equimolar mixture. of BuSn(OPr-i) s and HOCHs CHs NH2 was 
&kxed-in ti high boiling solvent such as m-xylene, (b-p. 139”) and the progress 
of the reaction was followed. by estimating the isopropanol fractionated out 
along with the solvent. All the three isopropoxy groups appear to be replaced 
under these conditions, yielding the product (V). 

BuSn(OPr-i), +HOCHsCH,NH, e. BuSn(OCH,CH,N) (5) 
_,-(y) :-; ..:; 

. .- . . .’ 
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The reactions -of BuSn(OPr-i)s with (HOCH2 CHz )s NH -carried. out at 
ambient temperature yield products (VI) and (VII). 

BuSntOPr-i l3 C6H6 + (HOCH*CH*)2NH _I_c 

2 BuSn(OPr-i I3 + 3(HOCH,CH2)2NH 
C6H6 

H,CH,C--d ‘” 

‘Sk-0 

~)o----cH~~ \\ 

\ / I 
O-Sn 

H2CH2C-0 -2 
I 1 /NH 

H&H2 -CH,CH, 0-CH2CH2 

However, as for ethanolamine and propanolamine, the reactions of dietha- 
nolamine also seem to proceed further to give products with high tin contents 
when carried out in refluxing benzene. 

The reaction of BuSn(OPr-i)s With (HOCHs CHs )s N in equimolar ratio in 
refluxing benzene yielded butylstannatrane (eqn. 8): 

BuSn(OPr-i), + (HOCH, CH, )3N s 

0-CH,CH 
%_ 

BuSn--(O-CH,CH27N (8) 
* O-CR&H, 

(VIII) 

With IV-methylethanolamine and triethanolamine, further reactions are 
not of course, possible and pure. products, [(III), (VIII) and (IX)] are thus 
obtained from the reactions between these alkanolamines and BuSnOs ,s in 
refluxing benzene followed by azeotropic removal of water. On the other hand, 
BuSnO ,s reacts with ethanolamine and propanolamine in refiuxing benzene 
to liberate water and a. mixture of products similar to those obtaiued from. .: 
BuSn( bPr-i)s under similar conditions. : 

H2C--0 

BuSnO,~2 + HOCH2CH2NHMe - C6H6. _ I I,-. 
------y ref lux 
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28uSnO ‘. + --3 HOCHp.@HMe %-+6. _ 

3f2 

._ _ 

ceflux 

(70) 

BuSnOsn + (HOCH,CH, jBN 2 (VIII) 

The ethanolamine, diethanolamine, and triethanolamine derivatives are 
white solids readily or moderately soluble in benzene, whereas those of N- 
methylethanolamine and propanolamine are either viscous liquids or low melt- 
ing solids. Product (V) is a brown solid insoluble in benzene. All these deriva- 
tives decomposed on attempted vacuum distillation. Pyrolysis of the ethanol- 
amine derivatives of type (I) and (II) at 190-205”/0.2-0.4 mm yielded SnOz as 
the final product. Molecular weight determinations on the ethanolamine deriva- 
tives of type (I) and the low solubility of other derivatives indicate their asso- 
ciated nature. 

The butylstannatrane (VIII) synthesised by either methods (eqns. 8 and 
11) is identical to that reported by Davies et al. 14.1, and may be compared 
with germatranes [Q] , silatranes [ 101 and stannatranes 11,111 described earlier 
by Voronkov et al. and other workers. Molecular weight determination ebullio- 
metrically in benzene shows butylstannatrane to be associated in the solid 
state, but it undergoes a slow dissociation in ref@xing benzene and finally the 
degree of association.of ca. 1.6 is obtained.. 

The formation of mixtures in derivatives of .type (II), (III) z+d (VII) may 
be excluded, as .the IR iqectra of N-methylethanolamine. derivatives do not 
show any OH absorption due to unreacted alkanolamine, and furthermore in 
most of the cases crystalline solids or low melting solid products are obtained, 
whereas both BuSn(OPr-i)a and alkanolamines are liquids. 

Butyltin triisopropoxide r&acts exothermally with %IOXNMe, in l/l, l/2 
and l/3 molar ratios in refluxing benzene yielding mono-, bis- and tris-amino- 
aikoxides respectively. The progress of the reactions can be followed by deter- 
mination of the alcohol in the azeotiope: 

BuSn(OPr-i), + n HOXNMe, 2 BuSn(OPr-i), (OXNMe, )n 

(2 =. CH,CH~ &d CHMeCH,) (ii. . -- 

(12) 

All the products ,+btain& by the reaction sho+v-n k_ eqn. (12) are colourless or 
yellow tiquids, and distilled pure in 50436% yields. Molecular weight det&nina- 
tions in refluxing benzene reveal them td‘ be mofitimeric. They all are veti 
sensitive towards atmospheric moisture, and their identity is confirmed by 
elemental analysis, moleculti weight measurements, and IR spectra. 

-In the light of. the above observations, it is interesting to compare the 
reactitities of various alkyltin derivatiyes with alkanolamines. In the reactions 
of tibutyltin eihoxide with altiolamines 131, only the hydroxyl group reacts 
in refluxing benzene, yielding Bus SnOXNHz . However, the amino group enters 
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into reaction at higher temperatures, yielding O,PJ-&nnyl derivatives, e.g., 
3311s §nOXNH(SnBu, ) and Bus SnOXN(SnBu s 2 i Dibutyltin diethoxide appears ) 
to be more reactive towards ethanolamine, and a cyclic derivative, Bu~sn 
(OCHZCQNH), is obtained in refluxing benzene 111. However, with substi- 
tuted ethanolamines, only the hydmxyl group appears to be reactive, yielding 
distillable derivatives 123 of. the type BuaSn(OEt)(OXNH2 ) and Buz Sn 
(OXNH2 )Z. In contrast, butyltin triisopropoxide reacts exothermally at ambi- 
ent temperatures even with substituted ethanolamines to give cyclic products 
or the type (I)-(III). Tin tetra&propoxide also gives cyclic products with etha- 
nolamine [l] . 

These observations indicate that the reactivity of alkyltin alkoxides to- 
wards amino groups of alkanolamines increases with increase in the number of 
alkoxy groups on tin: 

R, SnOR < RzSn(OR), < RSn(OR), * Sn(OR), 

It is reasonable to assume that with increasing number of electronegative 
alkoxy groups, the induced positive charge on the central tin atoms tends to 
make them more electrophilic, and also causes contraction of their diffused d 
orbitals, bringing about a greater overlap with the orbitals of donor nitrogen 
atoms of amino group, and thus assisting the attack by the latter. 

The same order of reactivity has been found in the reactions of amines 
with alkyltin(IV) alkoxides. Trialkyltin and dialkyltin &oxides do not appear 
to undergo replacement reactions on treatment with amines in refluxing ben- 
zene [? 1, whereas butyltin triisopropoxide [Sl , and tin tetraisopropoxide [ 11 
react with primary amines under these conditions. The replaceability of the 
isopropoxy group of ethanolamine derivative of type (I) by benzylamine has 
also been demonstr&ed: 

-t H,NCH,C,‘-$ 
C& _ (13) 

(1) ml) 

The greater strength of Sri--- and Sn-N bonds in the chelate derivative 
appears to make the tin atoms even more electrophilic, and increases the reac- 
tivity towards benzylamine. 

IR spectm 
The IR spe&ra of these derivatives have been recorded in the region 

400-4000 cm’” ‘. They show two bands, one near 1010 cm-l of strong inten- 
sity, and tine at about 1020 cm-l, of rather low intens$y, which may be 
assitied to the v,,(C-U) and v,(C-O) stretching frequencies, respectively, of 
the. alkanqlamine system [2,3,12]. On the bother hand, mixed derivatives cdn- 
taining both istiproxy as well arninoalkoxy groups, show, in addition to .above 
bands, a strong band near 980 cm-l,. w@ch may also be assigned & the- 
v(C-0) stretching frequency of the isopropoxy. group; A similar barid has been.. 

(continued on p. 202) 
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. . observed inRSn(OPr-i)a and RSn(OBu-t)s [S) :. 1: --I- 
. 

These derivatives also show 3 charac.teristic: bands in the range 6’70-500 
&m-Y which -are considered -to arise froni, various v(Sn-&) and ~(Sn-_0) 
&etch,@Ei;s. The band-at 665 -+ 5 cm-’ may. be assigned to (Sn’-CH;) rocking 
vibration arising from the truns conformation 1133 ; The bands at. 595 ?Z 5 and 
5iO + I5 cm-’ may be as&bed to v,s (Sri-C) +nd v,(Sn-C) stretching-modes, 
respectively [X416]. The band at 510 &:15’crn-r could also be associated with 
v(Sn-0), and 9 clear differentiation canndtbe made due‘to overlapping. 

Table 1 .giveS reactions of butyltin t&soprcpoxide .with alktiolamines, 
and Table 2 those reactions with NJ%dialkylalkanolamines. 

Experimental .- 

Rigorous precautions were taken to exclude moisture. Alkanolamines 
were distilled before use; BuSn(OPr-i)a was synthesised by the sodium method 
ES] _ The BuSnOa ,a was used as supplied as a gift from Nitto Kasei Co. Ltd., 
Japan. Molecular weights were determined in a semi-micro ebulliometer (Gal- 
lenkamp). IR spectra were recorded on a Perkin - Elmer 337 grating spectro- 
photometer. 

Tin was estimated as SnO, _ Nitrogen was estimated by the Kjeldahl meth- 
od. Isopropanol in the azeotrope was estimated by an oxidimetric method [8]. 

(1). Reaction of BuSn(OPr-i), with H0CH2CH2NE12 at ambient temperature 
(l/l molar ratio) 

A mixture of BuSn(OPr-i)s (2.13 g, 6.03 mmole) and HOCHz CH2NH2 
(0.37 g, 6.06 mmole) in ca. 10 ml benzene reacted exotheinically, The mjxture 
was set aside at room temperature for ca. 5-6 h, and the‘ excess of the solvent 
was then removed in vacuum. The product was obtained after drying as white 
solid (2.11 g, 99%), which decomposed on vacuum distillation (m-p. 92-96O). 
(Found: N, 4.69; Sn, 40.9; mol. wt., polymer. CaH, I NO,Sn calcd.: N, 4.77: Sn, 
40.4%; mol. wt., 294.) 

The products obtained from the analogous reactions of BuSn(OPr-i), with 
HOCH, CH, NH,, HOCHz CH2 CH2 NJ!$ , HOCHz CH2 NHMe, (HOCHs- 
CHa )aNH and (HOCHaCHs )sN, in different molar ~-ratios are summarised ‘in 
Table 1. 

(2). Reacti& of BuSn(OFr-i), with ripC$i CH.&& -ii refluxi& ti-xylene 
(l/l molar mtio) 

,_.. I . . _ : -: ._ 

TO BuSn(OPr-i)a (2.27 g, 6.43 mmole)‘aras.added-~O~~~~~zNH2 .(0;39 
g, 6.40 mmole) in m-xylene (ca. 80 :ml). The mixture was refluxed (bath 
tetiperatqe 180-90”) for c& 6 h and -the isopropanol liberated was: fraction- 
ated very slowly. with solvent, About‘ 50 &L more m-kylene was add&&d the 
x&tie was. again refluxed for ca. 2 h_.(any isOpropanol left was fractionated 
octj. to sen+re-- the ‘completion of the n$dion_ ..&uing the -fraction&n a 
titOm_ +oliij ‘separated. The excess of -solvent was dist@led off, and ihe residue 
yv$s &ed. ,urider,reduced pre@e at 7_0~-_7@$2~‘mm bath.temp&&ie togive a: 

;:.brov@ insoluble solid. (1.50, g; 100%). (Wti of’isoproptiol in.~di&&te;‘~foun&.. 
l.Og g; ,-calcd+ (for 3 .mole): 1.16 g). ~(Eorin& -N;i5.9.5;~Sli,49.7;‘~~H,,.~~Sn. 
e&d.: I$ ,599; Sn, 50.7%) 
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(3). .Reaction of -BuSn(OPr-i), with HOCH, CH,NMe~ -fl/l. molar ra.tio) -. : : . . 

A mixture of BuSn(OPr-i), (2.51 g.7.11 mm.ob?)--tid ~OC&CEl,NMea 
(0.63 g, 7.08 mmole) in benzene (ca. 80 ml) wasrefhked -(bath temperature 
120-25”) for ca. 2 h, and the binary~azeotiope (isohro$anolfb&Tene) was <er$ 
slowly fractionated out. The excess of solvent was distilled out, and the prod- 
uct WAS dried in vacuum. Distillation under reduced pressure gave a colourless 
liquid (1.71 g, 63%) b-p. 105-l,OS”/O.l mm (Wt. of isopropanol in azeotrope; 
found: 0.43 g, c&d_: 0.43 g)_ (Found: N, 3.65; Sn, 31.9; mol, wt., 369. 
C14H3aN03Sn calcd.: N, 3.67; Sn, 31.1%; mol. wt., 382.) 

(4). Reaction of BuSnOs12 with HOCH, CH, NHMe(1 A molar mtio) 
To a suspension of BuSnO a ,a (2.42 g, 12.1 mmole) in benzene (ca. 60 ml) 

was added HOCHzCH2NHMe (0.91 g, 12.1 mmole). The reaction mixture was 
refluxed (bath temperature 115-120”) for ea. 3 h, and the binary azeotrope 
(water/benzene) was continuously fractionated out. Distillation of the remain- 
ing solvent and drying of the residue under reduced pressure gave a white 
foamy low melting solid (3.05 g, 98%) (Found: N, 5.40; Sn, 46.9; C, 4 Ha eNs 
O3 Sn2 calcd.: N, 5.45; Sn, 46.2%). It underwent decomposition on attempted 
vacuum distillation. 

(5). Reaction of BuSnO 3 12 with HOCHZ CH2 NHM& (213 molar ratio) 
Similarly, from a suspension of BuSnOB, (2.15 g, 10.8 mmole) in ben- 

zene (ca. 70 ml) and HOCHzCH2NHMe (1.21 g, 16.1 mmole), with azeotropic 
removal of water and final drying in vacuum, a yellow viscous liquid (2.99 g, 
97%) was obtained. (Found: N, 7.31; Sn, 42.2; C1 7H39N303 Sn c&d.: N, 
7.36; Sn, 41.6%_) 

(6). Reaction of BuSnOsj2 with (HOCH2 CH2 )3 N (f/l molar ratio) 
Similarly, a suspension of BuSnO, ,2 (2.08 g, 10.4 mmole) in benzene (ca. 

60 ml) and (HOCH,CH, ), N (1.55 g, 10.4 mmole) gave a white solid (3.12 g, 
93%). Found: N, 4.29; Sn, 36.5; C, .H, z NO,Sn calcd.: N, 4.35; Sn, 36_9%_) 
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