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The First Butyltin(IV) Homo- and Heterobimetallic
Diethanolaminates

Kanupriya Sharma
Nandu Bala Sharma
Anirudh Singh
Department of Chemistry, University of Rajasthan, Jaipur, India

Equimolar reactions of BuSn(OPr i)3 with diethanolamines, RN(CH2CH2OH)2 (ab-
breviated as RdeaH2, where R = H or Me), afford dimeric isopropoxo-bridged
six-coordinate butyltin(IV) complexes [{Bu(η3-Rdea)Sn(µ-OPr i)}2] (R= H (1),
Me (2)). Interactions between BuSn(OPr i)3 and diethanolamines (RdeaH2) in a
1:2 molar ratio yield monomeric derivatives of the type [BuSn(Rdea)(RdeaH)]
(R = H (3), R = Me (4)). These homometallic complexes on 1:1 reactions with an
appropriate metal alkoxide form monomeric heterobimetallic complexes of the
type [BuSn(Rdea)2{M(OR ′)n}] (R= H, M= Al, R ′ = Pr i, n= 2 (5); R = H, M = Ti,
R = Pri, n = 3 (6); R = H, M = Zr, R ′ = Pr i, n = 3 (7); R = Me, M = Al, R ′ = Pr i, n = 2
(8); R = Me, M = Ti, R ′ = Pr i, n = 3 (9); R = Me, M = Ge, R ′ = Et, n = 3 (10)). The
driving force behind this work was (i) to explore the utility of homometal complexes
(1)–(4) in assembling a metal alkoxide fragment via a condensation reaction and (ii)
to gain insights into the structures of new compounds by NMR spectral data. All of
these derivatives have been characterized by elemental analysis, spectroscopic (IR,
NMR; 1H, 27Al, and 119Sn) studies, and molecular weight measurements. 119Sn NMR
spectral studies indicate that both the homometallic (3) and (4) and heterobimetallic
(5)–(9) complexes exist in a solution in an equilibrium of six- and five-coordinated
tin(IV) species.

Keywords Butyltin(IV) complexes; butyltin(IV) diethanolaminates; heterobimetallic
diethanolaminates

Heterometallic alkoxides and related compounds are excellent “single-
source” precursors to technologically important ceramic oxides via sol-
gel and MOCVD processes1−6 as well as more recently to nanocrystal
fabrication.7 To synthesise such precursors, a metathesis route
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involving alkoxometallate ligands and metal chlorides has been widely
employed.2−6

During the last few years, we have been involved in developing a
new synthetic approach aiming at obtaining heterometallic alkoxide
coordination complexes by using homometal complexes containing at
least one hydroxy group as a reactive centre to bind different metal and
organometal fragments. Accomplishments in this direction have been
summarized in a review article.8 Furthermore, recently this synthetic
strategy has resulted in a number of interesting publications.9,10

Surprisingly, heterometallic derivatives of butyltin(IV) derived from
diethanolamine and N-substituted diethanolamines to the best of our
knowledge are unknown. In this article, we report for the first time the
synthesis and properties of homo- and heterobimetallic derivatives of
butyltin(IV) based on diethanolaminate ligands.

RESULTS AND DISCUSSION

Reactions of BuSn(OPri)3 with RN(CH2CH2OH)2 in 1:1 and 1:2 molar
ratios in benzene afford soluble derivatives according to Eqs. (1) and
(2), respectively.

BuSn(OPri)3 + RN(CH2CH2OH)2
benzene−−−−→
reflux

BuSn{(OCH2CH2)2NR}(OPri) + 2 PriOH ↑ (1)

R = H (1), R = Me (2)

BuSn(OPri)3 + 2 RN(CH2CH2OH)2
benzene−−−−→
reflux

BuSn{(OCH2CH2)2RN(OCH2CH2RNCH2CH2OH)} + 3 PriOH ↑ (2)

R = H (3), R = Me (4)

Equimolar reactions of (3) and (4) with different metal alkoxides
in benzene yield hydrocarbon soluble complexes (5)–(10) according to
Equation (3).

BuSn{(OCH2CH2)2RN(OCH2CH2RNCH2CH2OH)}

+ M(OR′)n.xPriOH
benzene−−−−→
reflux

(3)/(4)

BuSn{RN(CH2CH2O)2}2M(OR)n−1 + (1 + x)PriOH ↑ (3)
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R = H, R = Al, R′ = Pri, n = 3, x = 0 (5); R = H, M = Ti, R′ = Pri, n = 4,
n = 0 (6); R = H, M = Zr, R′ = Pri, n = 4, x = 1 (7); R = Me, M = Al, R′ = Pri,
n = 3, x = 0 (8); R = Me, M = Ti, R′ = Pri, n = 4, x = 0 (9); R = Me, M = Ge,
R′ = Et, n = 4, x = 0 (10).

All of the derivatives (1)–(10) (Table I) are moisture sensitive, vis-
cous liquids or solids, and soluble in common organic solvents. Molecu-
lar weight determinations (cryoscopically/ebullioscopically) in benzene
solution show that all these derivatives are monomeric in nature.

Spectral Studies

Homometallic derivatives (1) and (4) show infrared absorptions
(Table II) characteristic of the diethanolaminate9 and butyltin10a moi-
eties at 3387 ± 3 ν(OH), 2938, 2861 ν(CH), 2915, 2907 ν(NH), 1446
ν(CH2), 1084–1038 ν(C O), 592–589 ν(Sn C), 520–575 ν(Sn O) and
453–422 cm−1 ν(Sn←N). As expected, heterobimetallic derivatives
(5)–(10) (Table II) do not show a band due to the OH group. Absorp-
tions due to diethanolaminate and isopropoxy groups in derivatives (5)–
(10) are observed in the expected regions (Table II). Absorptions due to
M O (M = Al, Ti, Ge or Zr) bands6 are observed in the region 810–
563 cm−1. The medium to weak intensity bands10 due to ν(Sn C),
ν(Sn O), and ν(Sn←N) appear at 592–565, 540–575, and 460–410 cm−1

regions, respectively.
1H NMR spectra of the precursor derivatives (3) and (4) exhibit sig-

nals characteristic of a butyl group11 attached to tin atom at δ 0.88–0.89
(Me(CH2)3Sn) and 1.28–1.79 (Me(CH2)3Sn) along with signals due to
the diethanolaminate moieties12 at 2.68, 2.65 (Me), 2.83 ± 0.19 (NCH2),
3.87 ± 1 (OCH2), and a broad peak at δ 4.46 arising from the overlapping
of NH and OH proton signals. The low-field shifting (∼0.16 ppm) in the
positions of signals for OH and NH groups indicate the involvement of
these groups in bonding with the metal centre.

119Sn NMR spectroscopy with a spread of 119Sn chemical shifts of
about 1000 ppm has proven to be a powerful technique for the unequiv-
ocal determination of the coordination number of tin in organotin(IV)
complexes.13 119Sn NMR signals for butyltin(IV) complexes are found
in the region δ −389–−451 for (five) coordinated tin atoms,11a,14 and for
six-coordinated tin in butyltin(IV) complexes,15 signals are observed
in the region δ −521–−542. In this context, it is worth mentioning
that the observed 119Sn chemical shifts are found to depend16 on the
(i) coordination number, (ii) identity of the donor atoms in the coordi-
nation sphere, (iii) nature of ‘R’ group(s) attached to tin, (iv) structural
feature of chelating ligand, and (v) state of aggregation of the concerned
compound. Keeping all the previously discussed factors in mind, one can
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FIGURE 1

arrive at a useful conclusion regarding the coordination geometry of the
tin centre in organotin(IV) compounds. Derivatives (3) and (4) exhibit
two 119Sn signals at δ −542 and −389 and −543 and 451, respectively.
The presence of two signals in each of them indicates the occurrence of
an equilibrium between six- and five-coordinated organotin(IV) species
(Figure 1).
Heterometallic derivatives (5)–(10) exhibit 1H NMR resonances char-
acteristic of (i) diethanolaminate groups12 at δ 2.40–2.62 (Me), 2.53–
2.86 (NCH2), 3.08–3.88 (OCH2), and 3.67–3.89 (NH); (ii) isopropoxy
groups6,10 at δ 1.16–1.24 (doublet) and δ 3.94–4.33 (multiplet) due to
methyl and methine protons, respectively; and (iii) a butyltin group11

appears in the δ 0.82–0.87 (Me(CH2)Sn) and 1.55–1.58 (Me(CH2Sn)
regions.

Each of the (5)–(10) show two 119Sn NMR signals in each of the δ

−521–−540 and −382–−426 regions, indicating that in solution (i), the
tin(IV) centre is present both in six- and five-coordinated geometries,
and (ii) the appearance of a set of two signals in both of these regions
may be due to the variation (especially in the axial positions) in the
connectivity of the ligand donor sites around the central butyltin(IV)
centre. These observations are tentatively interpretable in terms of an
equilibrium shown in Figure 2.

In spite of repeated efforts, X-ray crystal structures of some of these
derivatives could not be determined so far. However, 1H, 27Al, and 119Sn
NMR spectra have been quite helpful in arriving at plausible structures,
such as shown in Figures 1 and 2 for all the derivatives.

EXPERIMENTAL

All reactions and manipulations were conducted under extreme anhy-
drous conditions, using oven-dried glassware fitted with interchange-
able quickfit joints. Analytical-grade solvents were made anhydrous by
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Butyltin(IV) Homo- and Heterobimetallic Diethanolaminates 2741

FIGURE 2

literature methods.17 Diethanolamines were purified and dried by the
procedures described in the literature.12d Alkoxides of aluminium,18

germanium,6 butyltin(IV),19 titanium,20 and zirconium6 were prepared
by literature methods. Aluminium was determined as oxinate.21 Zirco-
nium, tin, titanium, and germanium were determined as their oxides.21

Isopropyl/ethyl alcohol in azeotrope was determined oxidimetrically.22

Molecular weights were determined cryoscopically in benzene solution.
Nitrogen was determined by Kjeldahl’s method.

IR spectra (4000–400 cm−1) were recorded as Nujol mulls using CsI
optics on a Nicolet Magna-550 spectrophotometer. 1H, 27Al, and 119Sn
NMR spectra were recorded on JEOL AL 300 FT NMR and JEOL
FX 90Q NMR spectrometers. Carbon and hydrogen analyses were per-
formed on a Perkin Elmer 2400-II CHNS/O analyzer.
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The Synthesis of Homometallic Butyltin(IV)
Diethanolaminate Derivatives

BuSn{(OCH2CH2)2 NH}(OPr i) (1)
The reaction mixture containing BuSn(OPri)3 (1.74 g, 4.94 mmol)

and HN(CH2CH2OH)2 (0.52 g, 4.94 mmol) in benzene (∼50 mL) was
refluxed for 6 h. Liberated isopropyl alcohol during this period was
fractionated out azeotropically and determined periodically to monitor
progress and completion of the reaction. On completion of the reaction
(as was evident by the amount of isopropyl alcohol collected), the re-
action was stopped, and the volatiles from the solution were removed
under reduced pressure to obtain a yellow solid compound, which was
purified by recrystallization from a (2:1) mixture of dichloromethane
and n-hexane at −20◦C. Yield 1.58 (95%).

A similar procedure was employed for the synthesis of (2)–(4); the
preparative details and analytical data are listed in Table I.

The Synthesis of Heterobimetallic Butyltin(IV)
Diethanolaminate Derivatives

BuSn{(OCH2CH2)2NH}2Al(OPr i)2(5)
A benzene solution (∼60 mL) containing (3) (1.96 g, 5.11 mmol) and

Al(OPri)3 (1.04 g, 5.09 mmol) was refluxed under a fractionating column
with continuous removal of the liberated isopropyl alcohol, which was
determined periodically to monitor completion of the reaction. When the
distillate showed negligible presence of isopropyl alcohol, refluxing was
stopped, and the reaction mixture was allowed to cool to r.t. The solvent
was removed under reduced pressure to obtain a yellow solid, which
was dissolved in dichloromethane and precipitated by the addition of
an excess of n-hexane to obtain after the usual workup the analytically
pure product (5) as a yellow solid in a 2.69-g (99%) yield.

Derivatives (6)–(10) were prepared in an analogous manner. Prepar-
ative and analytical details are listed in Table I.

CONCLUSIONS

Homometal complexes (1)–(4) synthesized by the 1:1 and 1:2 molar re-
actions of BuSn(OPri)3 with diethanolamines RN(CH2CH2OH)2 (R H,
Me) have provided the opportunity to assemble a metal alkoxide frag-
ment via a condensation reaction and the formation of novel complexes
(5)–(10). 119Sn NMR spectral studies have been quite successful in in-
dicating the presence of different (five- and six-coordinated) species in
solution
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