This article was downloaded by:

On: 28 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

1
4
g

Phosphorus, Sulfur, and Silicon and the Related Elements

Publication details, including instructions for authors and subscription information:

Phosphorus,

i S-;'!-‘!f“rs and http://www.informaworld.com/smpp/title~content=t713618290
¢ Silicon
i and the Related Elements
- Synthesis and Characterization of O,0-Dialkyl and Alkylene
i i Dithiophosphoric Acid Adducts of Diphenyl Diselenide
: 1 A. M. Abushanab?; A. A. S. El-Khaldy®; R. M. Baraka® M. A. Wasif®
¢ Chemistry Department, Al-Aqsa University, Gaza, Palestine ® Chemistry Department, Al-Azhar
%i University, Gaza, Palestin © Chemistry Department, College of Women, Ainshams University, Egypt
E
;’ Online publication date: 27 October 2010

To cite this Article Abushanab, A. M. , El-Khaldy, A. A. S., Baraka, R. M. and Wasif, M. A.(2002) 'Synthesis and
Characterization of O,0-Dialkyl and Alkylene Dithiophosphoric Acid Adducts of Diphenyl Diselenide', Phosphorus,
Sulfur, and Silicon and the Related Elements, 177: 3, 577 — 586

To link to this Article: DOIL 10.1080/10426500210256
URL: http://dx.doi.org/10.1080/10426500210256

PLEASE SCROLL DOWN FOR ARTICLE

Full ternms and conditions of use: http://ww informaworld.coniterns-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/10.1080/10426500210256
http://www.informaworld.com/terms-and-conditions-of-access.pdf

12: 02 28 January 2011

Downl oaded At:

Phosphorus, Sulfur and Silicon, 2002, Vol. 177:577-586 & PIPV
Copyright © 2002 Taylor & Francis ~
1042-6507/02 $12.00 + .00

CTAY,
Sow

P Q
anged

SYNTHESIS AND CHARACTERIZATION OF
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Diphenyl diselenide reacts with O,0-dialkyl and alkylene dithio-
phosphoric acids in equimolar amounts in refluxing benzene to
yield PhyoSeoHSoP(OR)y, R=Et, Prn, Pri, Bu-i and Ph, and
PthEgHSgﬁOGa where G:CHgCMQgCHg—, —CHQCEtchg—, and
—CMeoCMey—. The complexes are sticky solids, soluble in common or-
ganic solvents and monomeric in nature. These have been characterized
on the basis of elemental analysis, molecular weight determinations,
UV, IR, and NMR (1H, 13C, and 31P NMR). Spectral data reveal addi-
tion of dithiophosphate moieties to PhoSes.

INTRODUCTION

For higher organisms, selenium is an essential trace element,! a Se—
free diet leads to malfunction of the liver and to hemolytic processes.
Selenium plays its biochemical role as a component of glutathione per-
oxidase, an enzyme that is responsible for the protection of essential
SH-groups and for the decomposition of peroxides, thereby acting as
an antioxidant.? A particularly intriguing idea is to combine organose-
lenium moieties, which show biocidal activity with organophosphorus
moieties, which are also known for their biocidal effect.3~® The com-
bination of the two kinds of biological activity in a single molecule
could produce a still more powerful and lasting effect and prevent
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the problems associated with development of tolerance to each kind.
We initiate this series of papers with a description of the synthesis of
the organoselenium dithiophosphate esters. These dithio-ligands are
also of interest structurally® since several modes of attachment are
in principle possible, including mono-dentate,” 1° bidentate,''~13 or
bridging!41® ligands in an oligomeric form, a syn dimer and that of
bridging ligand in an associated polymer chain.!®17 The present article
gives new information concerning the donor properties of these acids as
neutral ligands.

RESULTS AND DISCUSSION

The reactions of diphenyl diselenide with dialkyl and alkylene dithio-
phosphoric acids in refluxing benzene with constant stirring, resulted
in the formation of addition compounds of 1:1 stoichiometry as shown
in Egs. 1 and 2.

PhsSey; + HS;P(OR)y——— PhySes HSsP(OR), (D
Where R = Et, Pr-n, Pr-i, Bu-i and Ph

[
PhySey + HS;POGO ———— PhySesHS,POGO (2)
G= —CHQCM62CH2—, —CHzcEtchz— and —CMGQCMez—.

The color of the reaction medium changes from orange to yellow
with the progress of the reaction. Dialkyl and alkylene dithiophospho-
ric acid adducts of diphenyl diselenide derivatives are yellow sticky
solids in open derivatives and yellow solids in cyclic derivatives. The
products were washed with n-hexane several times and finally dried
under reduced pressure. These compounds are soluble in common
organic solvents such as benzene, dichloromethane, and chloroform,
but insoluble in n-hexane. However, attempts to crystallize the solid
compounds from benzene/n-hexane mixture were unsuccessful. The
molecular weight (Table I) of all these derivatives determined by vol-
umetric titration in ethanol, indicated a monomeric nature of these
products.

IR Spectra

The presence of medium intensity bands in the region 2580-2403 cm~!
may be assigned to vS—H vibrations.!® This supports the proposed ad-
dition reaction (Table IT). The strong intensity bands present in the
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region 1215-999 cm~! and 850-820 cm ! may be assigned to v(P)—O—C
and vP—O—(C) vibrations respectively.!%2° Strong bands assigned to
dioxaphospholane and dioxaphosphorinane ring vibrations are present
in the region 999-929 cm~! and these are probably coupled with
C—C stretching vibrations.?1:22 A sharp band present in the region
688—667 cm~! can be assigned to vP=S vibrations.?? This band shows
notable shifting (A =15 cm™!) toward higher frequency in open chain
derivatives, but in cyclic chain derivatives there is a shift toward lower
frequency (A =13.8 cm™!) with respect to its position in the free lig-
ands. This shifting is probably due to coordination of sulfur of the P=S
group to a selenium atom. The bands of medium intensities in the re-
gion 586-507 cm~! may be assigned to vP—S asymmetric and symmetric
vibrations.

New bands observed in the region 380-370 cm™! are probably due to
vSe—S stretching vibrations.?425

TH NMR Spectra

The 'H NMR spectra (Table III) of these derivatives show the char-
acteristic proton resonance due to corresponding glycoxy and alkoxy
groups. The chemical shift as well as the coupling constants are al-
most the same as those observed for the corresponding ligand dithio-
phosphoric acids, thus indicating that complexation with selenium
does not have any pronounced effect. The S—H protons have been ob-
served in the region (8 2.68-5.78 ppm),2® which supports an addition
reaction. All the complexes show a shift for the S—H proton (~0.09—
0.97 ppm) toward lower field, except diphenyl diselenide diisopropyl
and diisobutyl dithiophosphoric acid which show shifts of 2.52 and
2.07 ppm respectively, with comparison to its position in the parent
ligands.

The complex multiplets due to the protons of the phenyl groups at-
tached to the selenium atoms were present at § 7.16-7.73 ppm.

3C NMR Spectra

The ¥C NMR spectral data for some of the derivatives (Table IV) of
diphenyl diselenide dialkyl and alkylene dithiophosphoric acid adducts
were recorded in deuterated chloroform solution. In the spectra of these
complexes four signals for phenyl carbons have been observed in the
region § 131.84-127.99 ppm for C;, Cg ¢, C3 5, and C4 respectively. The
appearance of a single set of signals for the carbons of phenyl group
show the equivalent nature of the phenyl groups. The signals for dialkyl
and alkylene carbons were observed at expected positions.
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TABLE III 'H and 3'P NMR Spectral Data of Dialkyl and Alkylene
Dithiophosphoric Acid Adducts of Diphenyl Diselenide

1H chemical shift in

31P chemical
shift in § ppm

SI no. Compounds § ppm in CDCl3 (parent acid)
1 PhySey HSyP(OEL), 82.087
— (85.70)
2 PhySegHSo P(OPr-n)y 0.94-0.99, t, 6H(CHj3)
1.65-1.79, m, 4H(CHy)
3.02, s, H(SH) 85.500
4.06—4.14, m, 4H(OCHy) (86.10)
7.20-7.60, m, 10H(CgHj)
3 PthGgHSZP(OPI‘—i)Q
1.25-1.52, d, 12H(CH3)
5.78, s, H(SH) 82.453
4.70-4.96, m, 2H(OCH) (82.30)
7.16-7.72, m, 10H(CgHj)
4 thsegHSZP(OBu-i)z
0.93-1.01, d, 12H(CHj3)
1.83-2.08, m, 2H(CH) 86.412
3.82-4.04, m, 4H(OCHy) (85.70)
5.16, s, H(SH)
7.16-7.73, m, 10H(CgHs)
5 thsegHSZP(OPh)g
3.98, s, H(SH) —
6.89-7.71, m, 20H(CgHj (79.90)
and OCgHj)
1
6 PhySegHS;POCHyCMesCH O 1.07, s, 6H(CHg)
3.07, s, H(SH) 77.273
4.026-4.078, d, (J = 15.6 Hz), (77.30)
4H(OCHgy).
7.21-7.64, m, 10H(CgHs5)
r
7 PhySegHS;POCHoCEtyCH2 O 0.853-0.902, t, 6H(CHg)
1.45-1.53, q, 4H(CHy) 78.605
2.68, s, H(SH) (78.50)
4.109-4.160, d (J = 15.3 Hz),
4H(OCHy),
7.21-7.62, m, 10H(CgHj)
1
8 PhySea HS;POCMey CMes O 1.46, s, 12H(CHg3) 93.303
4.16, s, H(SH) (93.10)

7.25-7.63, m, 10H(CgHj)

s = singlet; d = doublet; t = triplet; q = quartet; m = multiplet; J = 3J(H,p).
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31P NMR Spectra

The 3'P NMR spectra (Table III) of dialkyl and alkylene dithiophos-
phoric acid adducts of diphenyl diselenide have been recorded in
CDCl3, which show only one signal for each compound, in the region
8 93.1-82 ppm. The differences in chemical shift between some of the
parent acids and their addition compounds equal § 0.71-0.11 ppm to-
ward lower field from their position in the corresponding acids, this is
probably due to the dative P=S — M bonding.

In these complexes, both thiolato and thiono sulfur atoms are poten-
tial donors. However, the stoichiometry of the adducts formed indicates
that these acids are behaving as monodentate ligands toward diphenyl
diselenide.

UV Spectra

The UV spectra of dialkyl and alkylene dithiophosphoric acids are
shown in Table V. The comparison of the UV spectra of the starting
materials with the UV spectra of the resulting complexes does not
show any new peaks, but it shows small shifts in A,,x. This proves that
the dithiophosphoric acids reacted with diphenyl diselenide as neutral
ligands.

The above observations based on molecular weight and spectral data
are consistent with trigonal bipyramidal geometry for these complexes
with two lone pairs of electrons, two single bonds (phenyl—Se and
Se—Se), and one dative bond from S) M. Therefore, the dialkyl and alky-
lene dithiophosphoric acid adducts of diphenyl diselenide complexes
may be assigned the following structure:

EXPERIMENTAL

Moisture was carefully excluded throughout the experimental manipu-
lations. Dialkyl?” and alkylene? dithiophosphoric acids were prepared

TABLE V Some Relevant UV Spectral Data (nm) of Dialkyl and Alkylene
Dithiophosphoric Acid Adducts of Diphenyl Diselenide

SIno. Complexes Amax  Acids and starting material = Apax
3 PhySeogHSoP(OPr-i)g 334.0 HS9P(OPr-i)y 312.5
240.5 226.0

1 1
6 thSeZH82POCHQCMEZCH20 335.0 HSgPOCHzCMEzCHgO 313.0
233.5 208.5
Pthez 332.5

238.5
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SePh SePh

S
/

|>Se%S=P\\0R /\Sle>S=P// \
Z T
Ph
[A] (B]

FIGURE 1 Suggested structures of trigonal bipyramidal dialkyl [A] and
alkylene [B] dithiophosphoric acid adducts of diphenyl diselenide.

by standard methods. Glycol was distilled before use, diphenyl dise-
lenide (Merck) was used as such. Sulfur was determined by Messenger’s
method as barium sulfate. Selenium was determined by iodometric
titration.

UV spectra were recorded in ethanol in the region 500-200 nm on
the UV-visible Spectrophotometer-1601 Shimadzu (Japan). IR spec-
tra were recorded as Nujol mulls using CsI cells in region 4000—
200 cm~! on a FT-IR 8201 PC spectrometer. 'H, 3C, and 3P spectra
were recorded on a Jeol-FT-NMR spectrometer, LA300, using TMS as
internal reference (for 'H and 13C) and HsPO, (for 31P) as external
reference.

The following synthetic details for one specific 1:1 addition reaction
represent the procedure used to synthesize all compounds.

Reaction between Diphenyl Diselenide with Dialkyl
(OPr-i) and Alkylene Dithiophosphoric Acid in
1:1 Molar Ratio

A benzene (~10 ml) solution of HS;P(OPr-i), (0.330 g, 1.54 mmol) was
added to benzene (~15 ml) solution of PhySes (0.480 g, 1.54 mmol)
drop wise with constant stirring at room temperature. The reaction
mixture was refluxed for ~4 h, during which the color of the re-
action mixture changed from orange to yellow. The excess solvent
was removed under reduced pressure and the product washed re-
peatedly by n-hexane the product was finally dried under reduced
pressure.
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