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ABSTRACT

New heterometallic derivative] Al"'- Sn''-B""]-u-oxoi sopropoxide has been
prepared by the thermal condensation of compound Sn''-B'"'-p-
oxoisopropoxyacetate (OAC)SnOB(OPr'), with AI(OPr') in 1:1 molar ratioin
xylene with continuous liberation of isopropyl acetate formed during the
course of reaction. The Sn"-B"' u-oxoisopropoxyacetate was synthesized
by reaction of tin diacetate with triisopropyl borate in 1:1 molar ratio in
toluene. Thereaction of p-oxoisopropoxidewith B-diketones (HL) in 1:1 and
1:2molar ratiosyielded SnO,AIB(OPr) L and SnO,AIB(OPr') L, respectively.
(where L=acetylacetonate/benzoylacetonate/p-bromo benzoylacetonate
anion) respectively. The p-oxoisopropoxide compound has been character-
ized by elemental, spectral (IR, *H, ¥C, ZAl, 1°Sn, 1B NMR), thermal analy-
sis and molecular weight data. The 3-diketonates of[SnO,AIB(OPr) | have
been characterized by elemental, liberated isopropanol and spectral analysis
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(IR,*H, 8Cand “Al NMR).
INTRODUCTION

Theducidation of structural featuresand reactivity
patternsof polymetdlic alkoxideshasaroused degp sci-
entificinterest, because the complexeshave been used
asprecursorsfor super or semi-conducting, ferroelec-
tric, dielectric and even biocompati ble oxide materi-
al§*2. Further, the mixed metal oxidesprepared from
heterometalli c-p-oxoa koxides®® have been used for
absorbing harmful chemicals” and gasessuchas SO,
CCl,, and decontaminating chemica warfare agents®.
Recently, MgAl.O, prepared from[MgO,Al(OPr), ],
have been used to destructively adsorb paraxon| diethyl-
4-nitrophenol phosphate (DNPP)]©. In view of the
solubility of metal akoxides!* and oxoal koxides >3
in organic solvents, these materialsare strongly pre-
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ferred as precursorsin sol- gel processes. In hetero
metallic-p-oxoalkoxidesM-O-M’ linkageis present,
which makesthe M-O-M’ bond strong and stable as
compared to other precursors. Non-cleavage of the
M-O-M’ bond even upon hydrolysisfollowed by de-
hydration, makes homogenousoxides of high surface
areamixed metal oxidesnanoparticles. Therefore, these
compounds are considered as especially suitable pre-
cursors over other precursors such as metal nitrate,
acetate, monodispersed metal hydrous oxides, mainly
duetotheeaseof their purification, solubility inorganic
solvents, volatility and their extremely facile
hydrolizability. Therate of hydrolysisdependsuponthe
natureof metd intermsof eectrophilicity and ability to
expand itscoordination number, Thehydrolysisrates
transition metal alkoxides (especialy in the case of
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heterobimetallic akoxides) arevery high dueto their
highly e ectrophilic natureand their ability to expand its
coordination number which complicatesthe problem
by causing phase segregation.

Toovercomethisproblemto providemodified pre-
cursor by replacing the alkoxide groups with other
ligands for example acetylacetone, benzoylacetone
which may undergo hydrolysisat dower rate™, struc-
tura features, solubilitiesand effect of chelating group
on the stability of -oxo compounds, their 3-diketones
have al so been synthesized. Systematic studieshave
been madeon the catal ytic gpplication of bimetallic- p-
oxodkoxidesof trangtion metd sreved sthat thesecom-
poundsrank among the best catalystsin ring opening
polymeri zation of heterocydic compoundslikethiranes,
oxiranes, epoxidesand lactones'¢19, It was observed
that neither any alkoxide nor oxoakoxidesof Al-Sn-B
asasolubleheterometallic Single source precursor have
been reported sofar.

Theabovefeaturesunderlinetheimportance and
utility of u-oxo compoundsand itsderivativeswith 3-
diketones, soit wasconsidered of interest to synthesis
new heterometallic[SnO,AIB(OPr’),] and its B-
diketonates.

EXPERIMENTAL

All manipulationshave been carried out under an-
hydrous conditions?® and the solvents and reagents
used were purified and dried by standard methods?!.
Thegenerd techniqueand physical measurement were
carried out as described el sawherd®2-23, Tin diacetate
[Sn(OAc),] (Aldrich) and auminium isopropoxide
[AI(OPr),] (Aldrich) andtriisopropyl borate B(OPr'),
(Aldrich) wereused asreceived. Acetyl acetonewas
dried prior to use. Benzoyl acetone (Hi-media) and p-
bromobenzoyl acetonewasused asreceived. Theesti-
mation of isopropoxy groupsin the pi-oxoi sopropoxide
and isopropyl acohol liberated in synthesis of 3-
diketonates of[SnO,AIB(OPr'),] were carried out
oxidimetrically®?3. Tin and aluminium were analyzed
gravimetrically and boron was estimated volumetri-
calyt?, Further, spectral study of tin, aluminium and
boron has also been carried out to find out their re-
spective coordination number in order to elucidatethe
structureof p-oxo compounds. Thecomplex [SnO,AIB
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(OPr') ] and its B-diketonates were decomposed in
conc. HCl and extracted indilute HCI, tinwas precipi-
tated as sulphide(pH 5-6), filtered and estimated as
SnO,/4. The H,Swas boiled off completely from the
filtrate and al uminium was estimated as aluminium
oxinate?,

Thelnfrared spectrawererecorded on a Perkin-
Elmer 1710 FTIR spectrometer over therange of 4000-
400 cmrt. The'H, BC, #Al, 19Sn and !B NMR spec-
trawererecorded in CDCI, on Bruker Avancell 400
NMR spectrometer. TG study hasbeen madeonDia-
mond TG/DTA Perkin Elmer instrument and molecular
weight datawas determined by the cryoscopic method
using aBeckman thermometer.

Synthesisof[SnO,AIB(OPr’) ]

The[(OAC)SnOB(OPr')] compound was synthe-
sized by refluxing the Sn(OAc), and B(OPr'),in 1:1
molar ratio in toluene. The therma condensation
between[(OAC)SnOB(OPr')] (3.169 g, 9.811 mmol)
andAl(OPr'), (2.004 g, 9.811 mmol) inxylenegives
the] SnO,AIB(OPY') ]. The contentswererefluxed for
about 8 hon afractionating column and theisopropyl
acetateformed during thereaction wasdistilled off con-
tinuously from 78°C to boiling point of xyleng®*
(139°C). The solvent xylenewas compl etely removed
a (~70°C/1mm)yiddingapaeydlow solid. Theprod-
uct was redissolved in benzene and slow evaporation
of benzeneresulted inapaeyelow glassy solid. The
p-oxo compound was found to be solublein common
organic solventssuch asCHCI,, and C.H,, highly sus-
ceptible to hydrolysis and decomposed on heating
(~210°C).[Yield: 96% ]. Found: OPr!, 21.36; Sn,
26.88; Al, 6.1, B, 2.48 for[SnO,AIB(OPr'),] Calcd:
OPr, 22.26; Sn, 28.0; Al, 6.35; B, 2.59.

Reaction of[SnO,AIB(OPr'),] with acetylacetone
(Hacac) in 1:1molar ratio

The compound[SnO,AIB(OPr') ] (0.3899,0.915
mmol) and acetylacetone (0.0915 g, 0.915 mmol) were
refluxed in~50 ml benzenein aflask connected to short
distillation column on an oil bath for about 4 h. The
isopropanol liberated at 72-78°C wasfractionated as
the binary azeotrope of isoproponol-benzeng®?. The
azeotropewas collected and checked for completion
of thereaction. The excessof the solvent wasthenre-
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TABLE 1: Analytical data

ICAIJ, 3(3) September 2008

Sno Compound Ligand Molar Refluxing Product Anal.Calcd. (found)
T g(mmnol) g(mmol) ratio time (hrs) g(%) HOPr' Sn Al B
1 [SNO,AIB(OPr'),] Hacac 11 4 [SnO,AIB(OPr')s(acac)] 0.055 2559 580 236
" 0.389(0.915)  0.0915(0.915) 0.310(72.9) (0.53) (25.62) (5.72) (2.1)
5 [SNO,AIB(OPY'),] Hacac 12 5 [SnO,AIB(OPr),(acac),] 0.120 2356 534 217
" 0.426(1002)  0.200(2.00) 0.398 (78.5) (0.12) (23.58) (5.37) (2.08)
3. [SnOAIB(OPr),] Hbzac 11 3 [SNO,AIB(OPr')s(bzac)] 0.061 2257 512 208
" 0.435(1.023)  0.166 (1.023) ' 0.429 (79.6) (0.059) (22.61) (5.08) (2.03)
4 [SnO-AIB(OPr),] Hbzac 12 5 [SNO,AIB(OPr'),(bzac),]  0.130 18.90 4.28 1.74
" 0.459 (1.08) 0.350 (2.16) : 0.576 (84.8) (0.128) (18.86) (4.30) (1.72)
5 [SnOAIB(OPr'),]  Hp-Brba 11 4 [SNO,AIB(OPr')s(p-Brba)] 0.06  19.63 4.45 1.81
" 0.428(1.007)  0.243(1.007) 0.512(83.9) (0.059) (19.67) (4.48) (1.76)
6 [SnO,AIB(OPr'),]  Hp-Brba 12 6 [SNO,AIB(OPr'),(p-Brba),] 0.12 1511 342 1.4
©0.434(1.02) 0.492 (2.04) 0.690 (85.8) (0.12) (15.16) (3.44) (1.38)

moved under reduced pressure (45°C/1mm) yielding
ayelowish brown solid. The preparations of other 3-
diketonates of[SnO,AIB(OPr') ] indifferent molar ra-
tioswerecarried out by smilar procedureand the ana-
Iytical resultshavebeen summarizedinTABLE 1.

RESULTSAND DISCUSSION

The preparation of the heterometallic-p-
oxoisopropoxidef SnO,AIB(OPY) | followsthefollow-
ingreaction SCHEME:

(OAC)SnOB(OPr'y) + AlI(OPr'); Refluxing xylene_
[SnO,AIB(OPr),] + PriOAc 139°C

IR spectra

The sharp band observed at ~1630 cm™ due to
C=0inIR spectrum of tin diacetateis absent in that
of[SnO,AIB(OPr) ] indicating the completeremoval
of acetate groups in u-oxo compound?¥. Instead, a
band exhibited intheregion ~1370-1340 cm?isas-
signed to gem-dimethyl s of i sopropoxy group. Simi-
larly thebands observed at 1180-1160 and 1130- 1110
et have been assigned to the combination bands v(C-
O+OPr') of bridging and terminal isopropoxy group
respectively. A band appearing at approximately 950
cm? is assigned to v(C-O) stretching of bridging
isopropoxy group?28, A number of vibrationsare ob-
served intheregion 700-400 cm! dueto M-O stretch-
ing vibrationg?in u-oxo compound.

NMR spectra
'H NMR
A sharp singlet observed at 6 2.1 ppminthe H

NM R spectrum of tin diacetateisfound to be absent in
the spectrum of [ SnO,AIB(OPr') ] confirmsthe com-
plete removal of acetate groups. *H NMR spectrum
of[SnO,AIB(OPr') ] exhibitstwo doublet at 6 1.0and
1.1 ppmassigning methyl protonsof termind and bridg-
ing isopropoxy groups’628, A multiplet centered at &
4.4 ppm is observed due to the methine proton of
isopropoxy group inthe u-oxo compound™el,

BC NMR

The C NMR spectrum of[SnO,AIB(OPr),]
shows prominent peaks at 6 25.6, and 28.4 ppm as-
sgnabletothemethyl carbon of non-bridging and bridg-
ing isopropoxy groups. The other peaks 6 62.6, and
67.9 ppm in the *C NMR spectrum aredue to the
different types of methine carbon of theisopropoxy
groups?,

Al NMR

The #Al NMR spectrum of[SnO,AIB(OPr'),]
show asinglet at 6 62 ppmindicating tetrahedral envi-
ronment about theAl atom and issurrounded by four
oxygen atomg®.

Sn NMR

The*SnNMR spectrum of[SnO AIB(OPY),] ex-
hibits asharp signal at 6 489 ppm assignable to the
tetracoordination about Sn(11)®7 attributed to the poly-
meric nature of p-oxo compoundtY,

1B NMR

The B NMR spectrum of the compound
[SnO,AIB(OPY),] display asigna at & -3.23 ppmindi-
cating atetra-coordinated environment about B atom
whichissurrounded by four oxygen atoms=2.
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Thermogravimetricanalysis

Thethermogravimetric andyssof hydrolyzed prod-
uct of[SnO,AIB(OPr'),] has been performed up to
700°C. The loss about 3-4 % is due to the traces of
water present in hydrolyzed product of p-oxo com-
pound. Theweight loss of 19.230 % observed from
210°C to 300°C™l js probably dueto the elimination
of hydroxy groups present in the hydrolyzed
product[SnO,AIB(OH),] resultingfromthehydrolysis
of[SnO,AIB(OPr) . Thefinal product remainingis
probably the mixed metal oxide. The TG analysisis
consistent with the formulation of the compound
ag SnO,AIB(OPY) ].

Molecular weight measur ements

Themolecular weight measurement carried out in
dry benzeneus ng cryoscopic method suggeststhe poly-
meric nature of the compound.

Further reactions of [SnO,AIB(OPr),] with B-
diketones( HL) in variousmolar ratios have been per-
formed in refluxing benzeneyid ded the compounds of
thetypes SnO,AIB(OPr), L] and[SnO,AIB(OPY),L ]
according to thefollowing reaction SCHEME:

[SNO,AIB(OPr'),] + nHL —Refluxingbenzene
[SnO,AIB(OPr'), -nLn]+nPr'OH

(n=1-2, L= acac/bzac/p-Brba)

Theisopropanol liberated during the reaction col-
| ected azeotropically (isopropanol -benzene) and esti-
mated oxidimetrically to check the progress of there-
action. It was observed that only two out of thefour of
isopropoxy groups of[SnO,AIB(OPr) | could bere-
placed by p-diketones. Futher replacement of
isopropoxy groupscould not beachieved evenwith an
excessof ligand (B-diketones) and prolonged refluxing
time (approx. 12 h). Thisindicatesthe substitution of
only terminal isopropoxy groupsnot bridging.

IR spectra

The spectra of 1:1 B-diketone derivatives of
SnO,AIB(OPr), show absorptionbandsintheregion
1360-1340 cmr?, 1165-1150 and 1115-1110 cm* are
the charactersticsof gem-dimethyl portion and combi-
nation bands v(C-O+OPr') of thebridging and termi-
nal isopropoxy group respectively. No pesk isobserved
at 1115-1110cmt inthe 1:2 and 1:3 B-diketonatesin-
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dicatesthe absence of terminal isopropoxy group. A
band appeared at approximately 950cm* isdueto v(C-
O) dretchingof bridgingisopropoxy group. Similar spec-
trawererecorded for 1:4 3-diketonates asfound for
1:3 B-diketone derivatives. The IR spectrum of -
diketones® display strong bands at ~1600-1580cm*
and ~1520-1500 cm* due to v (C=O)and v__
(C=C) respectively along with abroad band a ~3100-
2700cm! dueto enolic stretch. Theabsenceof shiftin
C=0 frequency and disappearence of broad band at
3100-2700cm* in the B-diketonates of p-0xoisopro
poxide compound suggest that bonding takes place
through both of theterminal oxygen of CO group. A
number of vibrations are observedintheregion 700-
400 cm* due to M-O stretching vibrationsin al f3-
diketonates.

NMR spectra
IH NMR

'H NMR spectraof al the B-diketone derivatives
of[SnO,AIB(OPY'),] show broad multiplet centered be-
tween 5 0.8-1.2 ppm dueto theintermixing of methyl
protons of isopropoxy groups. A broad multiplet cen-
tered at 6 4.0-4.2 is due to the methine proton of
isopropoxy groupsin the spectraof dl derivatives. All
the B-diketone derivativesof 11-0xoi sopropoxidecom-
pound show singlet at 6 2.1 ppm and ~5 5.8 ppm due
to methyl and methine proton of theligand moiety re-
spectively. Further, the peaks observed intheregion
87.0-7.7 ppm in benzoylacetone derivative of
[SnO,AIB(OPY),] aredueto the phenyl ring protons.

BC NMR

The®C NMR spectraof 1:1 3-diketone deriva-
tivesof p-oxoisopropoxide compound show two promi-
nent peaks between 6 26.4-27.7 ppm and 6 27.9-28.4
ppm assignableto the methyl carbon of termina and
bridging isopropoxy groups. Thetwo peaks observed
at 662.6- 62.8 ppm and 6 63.1-63.4 ppm assignable
to the methine carbons of isopropoxy groupsin the
derivatives. Two single peak are observed at ~6 26.1
and about ~5 62.4 ppmin 1:2 and 1:3 derivativesdue
tothemethyl and methinecarbon of termina isopropoxy
group. Two peaksobservedintheranged 190.2-181.7
ppm and 6 98.4-92.3 ppm are dueto carbonyl carbon
and methinecarbon of ligand moiety indl the 3-diketone
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derivatives of u-oxoisopropoxide compound. The
peaksobserved at 127.1, 126.4, 125.3 and 136.7 ppm
aredueto ortho, meta, paraand substituted carbon of
the phenyl ring respectively in the spectra of
benzoyl acetone derivative of p-0xoisopropoxidecom-
pound. Further, the spectraof p-bromobenzoylacetone
derivatives of u-oxoisopropoxide show the shifting of
the paracarbon peak from 125.3t0 ~131 ppm dueto
the bromo group substituted at paraposition.

ZIAl NMR spectra

The 1:1 B-diketone derivatives spectrashow the
presenceof tetrahedra and octahedra enviorment about
aluminium atom. But the spectra of 1:2 and 1.3 3-
diketonederivativesof pi-oxoisopropoxideindicatethat
theauminiumatomissurrounded octahedraly by oxy-
gen atomsin these compounds™!.

Theaforesaid spectrd, demental and thermd andy-
sis suggest the following tentative structures of
[SnO,AIB(OPr),], and its B-diketone derivatives of
thetype[ SnO,AIB(OPr'),(L)],[SNnOAIB(OPr').(L),]
aregivenasbelow (Figurel).
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