This article was downloaded by:

On: 27 January 2011

Access details: Access Details: Free Access

Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

=
| 4
K

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

; S-:!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
¢ Silicon
i and the Related Elements
[ — 0O,0"Dialkyldithiophosphate Ligand Based Heterobinuclear Derivatives of
i i Antimony(IIT): Synthetic and Spectroscopic Studies
' 1 Pankaj Kumar Sharma?®; Yashpal Singh?*
* Department of Chemistry, University of Rajasthan, Jaipur, India
;
t
¢

To cite this Article Sharma, Pankaj Kumar and Singh, Yashpal(2007) 'O,0"-Dialkyldithiophosphate Ligand Based
Heterobinuclear Derivatives of Antimony(IIl): Synthetic and Spectroscopic Studies', Phosphorus, Sulfur, and Silicon and
the Related Elements, 182: 6, 1183 — 1190

To link to this Article: DOIL: 10.1080/10426500601160363
URL: http://dx.doi.org/10.1080/10426500601160363

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article nay be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
wi ||l be conplete or accurate or up to date. The accuracy of any instructions, fornulae and drug doses
shoul d be independently verified with prinmary sources. The publisher shall not be Iiable for any | oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713618290
http://dx.doi.org/10.1080/10426500601160363
http://www.informaworld.com/terms-and-conditions-of-access.pdf

18: 00 27 January 2011

Downl oaded At:

Phosphorus, Sulfur, and Silicon, 182:1183-1190, 2007 e Taylor & Francis
Copyright © Taylor & Francis Group, LLC

ISSN: 1042-6507 print / 1563-5325 online

DOI: 10.1080/10426500601160363

Taylor & Francis Group

0,0'-Dialkyldithiophosphate Ligand Based
Heterobinuclear Derivatives of Antimony(lll): Synthetic
and Spectroscopic Studies

Pankaj Kumar Sharma
Yashpal Singh
Department of Chemistry, University of Rajasthan, Jaipur, India

The interaction of sodium tetraisopropoxoborate, NaB(OPr') with mixed chloro-
bis(dialkyldithiophosphato)antimony(IIl), [(RO)9P(S)S]9SbCl compounds in a 1:1
molar ratio in refluxing benzene solution yields the corresponding heterobin-
uclear derivatives of antimony(Ill) and boron of the type [(RO)9P(S)S]oSb(u-
OPri)2B(OPri)2, [where R = Me(1), Et(2), Pr(3), Pr'(4), and Bu™(5)]. These novel
heterobinuclear coordination compounds have been characterized by elemental
analyses and molecular weight measurements. Probable structure for them have
been suggested on the basis of IR and NMR (H,13¢,31p and 11B) spectral studies.

Keywords Bidentate ligands; chlorobis(dialkyldithiophosphato)antimony(III); hexaco-
ordinated antimony; tetracoordinated boron

INTRODUCTION

Initially, considered as “alkoxosalts,” the formation of heterobinuclear
alkoxides of antimony of the type NaSb(OR), and NaSb(OR)s have been
reported during the titration of sodium and corresponding antimony
alkoxides in parent alcohols.! Although during the last two decades
there has been significant development concerning heterobimetallic
alkoxides of antimony(III) involving a transition metal center,2~% the
number of published studies concerning binuclear alkoxides of anti-
mony involving a main group metal center is limited.”~12 Also heter-
obinuclear alkoxides of antimony containing deprotonated dithiophos-
phates and isopropoxometallate group appear to not have been reported
so far; though mixed ligand dialkyldithiophosphate derivatives of
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antimony(III), [(RO)2P(S)S]2SbX (where R = Et, Pr®, Prl, and Bu') have
already been reported earlier.!3-15

We, therefore, for the first time report herein the synthesis and char-
acterization of a new type of heterobinuclear alkoxide derivatives of
antimony(III) with boron based on dithiophosphate ligands.

RESULTS AND DISCUSSION

These heterobinuclear derivatives of antimony and boron have been
synthesized by the direct reactions of sodium tetraisopropoxoborate,
NaB(OPrl); with corresponding chlorobis(dialkyldithiophosphato)-
antimony(III) compounds, [(RO);P(S)S]3SbCl [prepared by the reac-
tions of SbCls with sodium salts of dilkyldithiophosphoric acids in a
1:2 molar ratio'® (compounds with R = Me and Bu® have been pre-
pared for the first time using the same method)] in a 1:1 molar ratio in
refluxing benzene solution for ~2 h [Eq. (1)].

_ CeH ‘
[(RO)2P(S)SI2SbCl 4+ NaB(OPri); ——5 [(RO):P(S)Slz Sh( 1t — OPri)y
Reflux 1-5

B(OPr); + NaCl | (1)

where R = Me(1); Et(2); Pri(3); Pr*(4); and Bu®(5).

All these reactions are quite facile and quantitative. The newly
synthesized heterobinuclear derivatives 1-5 are yellow colored, non-
volatile, moisture sensitive viscous liquids and soluble in common or-
ganic solvents. Cryoscopic molecular weight measurements of these
derivatives reveal their monomeric nature in benzene solution.

INFRA-RED SPECTRA

IR data cannot distinguish between the various structural possibili-
ties of dialkyldithiophosphate ligands since it is difficult to assign P=S
and P—S stretching frequencies with certainty,'%'® as these are present
in the finger print region. The tentative assignments of the important
characteristic bands in the IR spectra of these new heterobinuclear
derivatives have been made by comparing them with the IR spectral
data reported earlier.?13.16-20 A strong band present in the region 620—
690 cm~! and tentatively assigned to (P=S) stretching vibrations!3 in
the spectra of free dialkyldithiophosphoric acids or their sodium salts is
shifted toward lower wave numbers by ~35 cm ! in the spectra of these
new derivatives, 1-5. This shifting may be probably due to the bidentate
chelation of dithiophosphate moieties, which is supported by 3'P NMR
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spectra of these derivatives. The bands of medium intensity present
in the region 510-625 cm~! may be due to asymmetric and symmet-
ric P—S stretching vibrations.'® The medium intensity bands present
in the region 345-370 cm~! are due to Sb-S stretching vibrations.!?
The medium intensity bands in the regions 955-985 cm~! and 785—
830 cm~! have been assigned to [(P)—~O—C and [P—O—(C)] stretching
modes, respectively.!®19 These heterobinuclear derivatives also show
additional bands in the regions 540-575 cm~! and 1255-1470 cm~!
due to Sb—0? and B—0?° stretching vibrations, respectively.

'H NMR SPECTRA

'H NMR spectra of the heterobinuclear derivatives 1-5 (Table I) exhibit
two sets of signals for terminal and bridging isopropoxy groups in the
regions 1.17-1.21 and 1.33-1.42 ppm (doublets) { CH(CH3)2 }, and 4.22—
4.63 and 4.77—4.88 ppm (multiplets) { CH(CHs)y }, respectively. Variable
temperature 'H NMR spectra of one representative compound, (4), has
been recorded between temperatures ranging from 20°C to —50°C and
it does not show any change in the positions of the signals, particu-
larly of terminal and bridging isopropoxy groups. All alkyl protons of
the (RO) group attached to P atom are observed at expected positions.
Splitting due to coupling between «-protons and phosphorus has been
observed in the signals of these alkyl groups attached to OP(S)S group
(Table I).

*C NMR SPECTRA

A comparative study of 13C NMR spectra (proton decoupled) of these
new heterobinuclear derivatives, 1-5, with the spectra of parent chloro-
bis(dialkyldithiophosphato)antimony(III) compounds provides some
useful information about the mode of bonding in these derivatives. In
the 13C NMR spectra (Table I) of these heterobinuclear derivatives, 1-
5, an upfield shift (~4-6 ppm) has been observed in the positions of
the signals of different alkyl group carbons of the dialkyldithiophos-
phate moieties as compared to their positions in corresponding parent
chlorobis(dialkyldithiophosphato)antimony(III) compounds. This up-
field shift may be due to the fact that the coordination number of anti-
mony has increased from five to six. Two sets of signals due to terminal
and bridging isopropoxy groups have been observed in the spectra of all
the new derivatives 1-5 in the range 21.23—-23.45 and 23.65-29.98 ppm
{CH(CHj)2}, and 62.90-70.64 and 71.77-73.92 ppm {CH(CHj).},
respectively.
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%IP NMR SPECTRA

Some important information about the complexation behavior of di-
alkyldithiophosphate ligands with central antimony atom and the ge-
ometry of these new derivatives has been obtained from proton decou-
pled 3P NMR spectral data (Table I). The 3P NMR spectra exhibit only
one signal in the spectra of each new derivative in the range 87.44—
92.17 ppm. The presence of 3P NMR signals in this range has been
interpreted in terms of bidentate nature of the dialkyldithiophosphate
ligands?! in the derivatives 1-5.

"B NMR SPECTRA

1B NMR spectra of the derivatives 1-5 exhibit only one signal for each
new derivative in the range —18.84 to 20.67 ppm (Table I). The presence
of a 'B NMR signal in this range is indicative of a tetrahedral environ-
ment around the boron atom in these heterobinuclear derivatives.??

In view of two bidentate dialkyldithiophosphate ligands around the
antimony atom, the presence of two types of isopropoxy groups (bridg-
ing and terminal), and tetracoordination around the boron atom, the
following structure (Figure 1) may be tentatively proposed to the new
derivatives 1-5.

It is quite difficult to comment on the molecular structure of these
new heterobinuclear derivatives in solid state without actual X-ray
crystal structure analysis of at least one of the compounds.

RO OR

\/
P\S
N
e

\ -
RO/

FIGURE 1 Proposed structure of Heterobinuclear derivatives 1-5, where R =
Me (1), Et(2), Pr' (3), Pr" (4), and Bu® (5).
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EXPERIMENTAL

All reactions have been carried out under a moisture-free en-
vironment. Solvents (E. Merck, Mumbai-Maharastra, India) were
carefully dried by standard methods before use. Mixed -chloro-
bis(dialkyldithiophosphato)antimony(III) derivatives were prepared by
the reported method.!® Sodium tetraisopropoxoborate, NaB(OPr'),, was
prepared according to the literature method.?® Sulphur was estimated
by Massenger’s method.?* Boron and antimony were determined by the
methylborate and iodometric methods, respectively.24

Elemental analyses (C and H) were carried out on a Perkin Elmer
2400 C, H, and N analyzer. Molecular weights were determined
cryoscopically in freezing benzene solution using a Beckmann’s ther-
mometer. The IR spectra were recorded on a Nicolet DX FT IR spec-
trophotometer as thin films on a CsI cell in the range 4000-200 cm L.
1H, 13C, 3P, and "B NMR spectra were recorded in CDCl; solution on
JEOL FT AL 300 MHz spectrometer. TMS has been used as an internal
reference for 'H and *C NMR spectra, and for those of 3P and ''B
NMR spectra, H3PO4 and B(OCH3)s, respectively, were used as exter-
nal standards.

Synthesis of Heterobinuclear Derivative 1

Freshly prepared sodium tetraisopropoxoborate, NaB(OPr'), (0.95 g,
3.52 mmol), was mixed with a benzene solution of [(MeO):P(S)S]oSbC1
(1.66 g, 3.52 mmol), and the resulting reaction mixture after stirring at
r.t. for ~4 h was finally refluxed for ~2 h. The precipitated NaCl (0.20 g,
3.42 mmol) was removed by filtration. Removal of volatile components
from filtrate under reduced pressure yielded 2.32 g (96.67%) derivative
1, which was further purified by a 1:2 mixture of benzene and n-hexane
at 0°C to obtain the analytically pure compound 1 in a 91.47% (2.20 g)
yield.

A similar procedure was adopted for the synthesis of all other new
heterobinuclear derivatives, 2-5. The physical and analytical data of
these derivatives have been summarized in Table II. Amounts of the
reactants actually used and the NaCl precipitated follow in brackets.

2. NaB(OPr'), (0.78 g, 2.89 mmol) and [(EtO)P(S)S]2SbCl (1.52 g,
2.88 mmol); NaCl (0.17 g)

3. NaB(OPr'), (0.70 g, 2.59 mmol) and [(Pr'O),P(S)S]sSbCl (1.52 g,
2.60 mmol); NaCl (0.15 g)

4. NaB(OPri), (0.79 g, 2.92 mmol) and [(Pr");P(S)S]sSbCl (1.71 g,
2.93 mmol); NaCl (0.17 g)
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5.

RE

[1]
[2]
[3]
[4]
[5]

NaB(OPr'), (0.66 g, 2.44 mmol) and [(Bu™O);P(S)S]3SbCl (1.56 g,
2.44 mmol); NaCl (0.14 g)
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