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Alkylene dithiophosphate derivatives of macrocyclic complexes of
nickel (II), having N9Ss potential donors, of the general formula,

[(Ni(mc;—-mc5) {(S2P<O>G}2], where mc¢ = macrocyclic ligands and
0O

G= CH3—C|‘H—C|'H—CH3, (CH3 )QA_CL(CHL‘)) ), and (CH3)2C|'—CH26|‘H—
have been synthesized from the reactions of [Ni (mc;—mcs) Xol, Where
X =Cl, NO§, or CH3COO~, with ammonium alkylene dithiophos-
phates in 1:2 molar ratios in THF. These complexes have been char-
acterized by elemental analysis, molar conductance, molecular weight
determination, IR, > P NMR, electronic spectra, and magnetic measure-
ments. Molecular weight determination of these complexes indicates
their monomeric nature. Octahedral structure has been proposed on
the basis of 31P NMR, electronic spectra, and magnetic measurements.
Two sulphur atoms and two nitrogen atoms of the macrocyclic ring co-
ordinate to the central nickel ion in the square planar form, and each
dithiophosphate moiety occupies the axial positions binding the cen-
tral nickel ion in unidentate behavior. Antimicrobial activities of these
derivatives have been studied by screening them against fungi, such
as Aspergillus flavus, Fusarium oxysporum, Trichoderma harzianum,
and bacteria, such as Salmonella typhi and Bacillus subtili. Alkylene
dithiophosphate derivatives were found to be more fungitoxic and an-
tibacterial than their corresponding macrocyclic complexes.

Keywords: Alkylene dithiophosphates; macrocyclic complexes; mixed
ligand complexes; nickel (IT)
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Due to importance in biological systems and as a synthetic model
for many metalloenzyme reactions,! 3 their novel structural features,
and unusual magnetic properties, there has been considerable inter-
est in the transition metal chemistry in the mixed ligand compounds
during last few years.*~1®> Recently a number of mixed-ligand com-
plexes involving Ni(II) with sulphur-containing ligand have been re-
ported, and their structures have been confirmed by single-crystal
X-Ray Crystallography.'®=2° Macrocyclic complexes of both transition
and nontransition elements have received considerable interest dur-
ing the past one and one half decades due to their wide diversity
in chemical?'~?8 and biological systems.??~31 Macrocyclic complexes
having tetraaza, 3?36 dioxotetraaza,?” 38 tetraoxotetraaza,?® tetraoxo
octaaza,*? and trioxotetraaza*!' are well reported. Recently we have re-
ported synthesis, characterization and biocidal screening of some new
thioaza macrocyclic complexes of Ni(II).4243

Inspite of vast innovations in macrocyclic chemistry and tremen-
dous interest in mixed ligand complexes, no macrocyclic complex having
mixed ligand system has been reported so far.

Alkylene dithiophosphates has been our area of research for many
years.*4=52 Recently we reported the synthesis, characterization, and
antimicrobial aspects of the mixed-ligand macrocyclic complexes of
Ni(II) having dialkyldithiophosphate moieties.?® In continuation of the
above research we hereby report the synthesis characterization and
antimicrobial aspects of alkylene dithiophosphate derivatives of macro-
cyclic complexes of Ni(II), in which two sulphur atoms and two nitrogen
atoms of the macrocyclic ring coordinate to the central nickel ion in the
square planar form and each dithiophosphate moiety occupy the axial
positions binding the central nickel ion in unidentate manner through
strong electrostatic attraction.

EXPERIMENTAL

Materials and Methods

All of the nickel salts and dicarboxylic acids of Analytical Reagent grade
were obtained from S.d-fine chemicals (Mumbai, India) and were used
without further purification. o-aminothiophenol was used as obtained
from Merck (Germany and UK). Solvents were purified and dried by
standard methods.

Microanalysis for carbon, hydrogen, nitrogen, and sulphur were de-
termined from Sophisticated Instrumentation Center for Applied Re-
search Testing (SICART), Vallabh vidyanagar. Nickel and phosphorus
were estimated by standard methods.?* The molecular weights were
determined by Rast Camphor method. Infrared data were recorded on
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a Perkin-Elmer Fourier transform infrared (FTIR) spectrophotometer
as KBr pellets. Magnetic data were recorded on Faraday balance. Elec-
tronic spectra were recorded on GBC 911 spectrophotometer in the
range 380-1000 nm. 3P NMR spectra were recorded on 270 MHz spec-
trometer using CDClj3 as a solvent and H3PO, as an external standard.

Synthesis of Macrocyclic Complexes and Its Derivatives

Macrocyclic complexes were prepared by the methods as reported in
our earlier communication.*?

Macrocyclic Complex Derived from Template
Condensation of Malonic Acid and o-Aminothiophenol
in the Presence of Nickel Chloride

A solution of nickel chloride (0.852 g, 0.0035 mmol) in methanol was
reacted with o-aminothiophenol (0.896 g, 0.0071 mmol) dissolved in
methanol. This was followed by the addition of a methanolic solution
of malonic acid (0.745 g, 0.0071 mmol). Reaction mixture was refluxed
for 10 h at 80°C. The green precipitate obtained on cooling was filtered,
washed with methanol, and dried in vacuo.

Macrocyclic Complex Derived from Template
Condensation of Succinic Acid and o-Aminothiophenol
in the Presence of Nickel Chloride

A solution of nickel chloride (1.245 g, 0.0052 mmol) in methanol was
reacted with o-aminothiophenol (1.309 g, 0.0104 mmol) dissolved in
methanol. This was followed by the addition of a methanolic solution
of succinic acid (1.248 g, 0.0105 mmol). Reaction mixture was refluxed
for 10 h at 80°C. The green precipitate obtained on cooling was filtered,
washed with methanol, and dried in vacuo.

Alkylene dithiophosphoric acids and their ammonium salts were pre-
pared by the methods as reported in our earlier communication.*4

The derivatives of macrocyclic complexes of the following alkylene
dithiophosphoric acids have been synthesized. Their trivial name as
well as their International Union of Pure and Applied Chemistry
(IUPAC) names are given. IUPAC names have been mentioned in
parenthesis.

Butylene dithiophosphoric acid (2-Mercapto-2-thiono-4,5 dime-
thyl 1,2,3-dioxaphospholane)

(CH3)CH—O\P//S
N

(CH;) CH—O SH

HS,POCH(CH;).CH(CH;)O
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Tetramethylethylene dithiophosphoric acid. (2-Mercapto-2-thio-
no-4,4,5,5-tetremethyl-1,3,2-dioxaphospholane)

\P//S
(CH;),C — o/ \SH

Hexylene dithiophosphoric acid (2-Mercapto-2-thiono-4,4,6-tri-
methyl-1,3,2-dioxaphosphorinane)

(CH;),C — O

]
HS,POC(CH;),.C(CH;),0

(CH;), C— O\ // S
[ |
H,C HS,POC(CH;),CH,.CH(CH;)O
(CH;)CH— O SH

Synthesis of Butylene Dithiophosphate Derivative
of Macrocyclic Complex Obtained from the Reaction
of Ammonium Butylene Dithiophosphate with the
Complex Derived by the Template Condensation of
Succinic Acid and o-Aminothiophenol in the Presence
of Nickel Chloride

Macrocyclic complex mentioned above (0.816 g, 0.0015 mmol) was
dissolved in Tetrahydro Furane (THF) and was reacted with methanolic
solution of ammonium butylene dithiophosphate (0.636 g, 0.0031 mmol)
in 1:2 molar ratio. Reaction mixture was refluxed for ~2 h at 90°C.
On cooling the green crystals of dithiophosphate derivative were sepa-
rated out, which were filtered through G-3 filtering funnel. This crude
product was washed several times with methanol by vigrous shaking
in filtration funnel to remove the ammonium chloride formed during
the reaction. Product was dried in vacuo and was crystallized with
THF/CyHs;OH mixture.

Synthesis of Hexylene Dithiophosphate Derivative
of Macrocyclic Complex Obtained from the Reaction
of Ammonium Hexylene Dithiophosphate with the
Complex Derived by the Template Condensation of
Succinic Acid and o-Aminothiophenol in the Presence
of Nickel Chloride

Macrocyclic complex mentioned above (0.690 g, 0.0013 mmol) was
dissolved in THF and was reacted with methanolic solution of ammo-
nium hexylene dithiophosphate (0.613 g, 0.0026 mmol) in 1:2 molar ra-
tio. Reaction mixture was refluxed for ~2 h at 90°C. On cooling the green
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crystals of dithiophosphate derivative were separated out, which were
filtered through G-3 filtering funnel. This crude product was washed
several times with methanol by vigrous shaking in filtration funnel to
remove the ammonium chloride formed during the reaction. Product
was dried in vacuo and was crystallized by THF/CoH;OH mixture.
Relevant data for the similar syntheses are given in Table I.

RESULTS AND DISCUSSION

Macrocyclic complexes of Ni(II) in THF react with methanolic solution
of ammonium alkylene dithiophosphate in 1:2 molar ratios to afford
alkylene dithiophosphate derivatives of macrocyclic Ni(II) complexes
in the following manner:

0
[Ni(me; — mes)Xs] + 2NH,S, P{ G
o

O
- [Ni(mc1 -~ mm-,){s2 134 >G} } + 2NH,X
O

2

where mec; to mcs are the macrocyclic complexes derived by the tem-
plate condensation of o-aminothiophenol with dicarboxylic acids in the
presence of NiCls-6H30 in methanol,

| | | |
G = CH3—CH—CH—CH3;, (CH3);C—C(CH3)2—, and

I |
(CH3);—C—CH2CH—, and X =CI",NO; or CH3COO~

Most of the complexes were prepared starting with chloride salts
of macrocyclic complexes. For comparison a few representative com-
pounds have been prepared starting with nitrate and acetate salts of
macrocyclic complexes. The reaction starts at room temperature, but
for completion of reaction the reaction mixture was refluxed for ~2 h.
On cooling the crystals of dithiophosphate derivatives were separated
out.

Except for THF and Dimethysulfoxied (DMSO), these derivatives
are insoluble in almost all organic solvents. All derivatives are dull,
shining, or pinkish green in colour and melt with decomposition at high
temperature. The molar conductance of 103 M solution in DMSO lie
in the range 3.48-7.14 ohm ™! cm? mol~!, showing that these complexes
are nonelectrolyte (Table II). The molecular weight determinations in-
dicate their monomeric nature (Table I). The analytical data of these
derivatives are given in Table III.
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Infrared Spectra

Characteristic IR absorption frequencies of these derivatives are given
in Table IV. As observed in the macrocyclic complexes, the four bands
in the regions 1690-1650 (s), 1587-1555 (m), 1278-1252 (s), and
690-635 (w) cm~! have been ascribed to amide I, amide II, amide
III, and amide IV in plane deformation vibrations, respectively.?®
A broad band present in the region 3278-3150 cm~! has been as-
signed to v(NH) vibration of the secondary amino group. These
bands do not show any significant change from their parent macro-
cyclic complexes.#? Two bands present in the regions 1070-1040 and
890-855 cm~! may be assigned to (P)-O—C and P—O—(C) stretch-
ing vibrations, respectively.?® The bands present between 1000-950
cm~! may be attributed to the ring vibrations of dioxaphospholanes
and dioxaphosphorinanes®”-58 respectively, which are probably cou-
pled with C—C staching vibrations. A weak band present in the
region 560-540 cm~! has been attributed to P-S symmetric and
asymmetric vibrations. A strong band observed in the region 710-—
670 cm~!, which also appears in ammonium alkylene dithiophos-
phates around the same region, is attributed to free P=S moiety.
This indicates the unidentate behavior of dithiophosphate moieties.5%-6°
The presence of sharp bands in the region 460-410 cm~! and 360—
315 cm~! have been assigned to v(Ni—N) and v(Ni—S) vibrations,
respectively.*’

3P NMR

Due to paramagnetic nature of Ni(II), in octahedral geometry the 'H
NMR of its complexes can’t be observed as easily as can the diamag-
netic Ni(II) complexes. We reported the 'H NMR of some paramagnetic
Ni(II) complexes earlier.*647 During the present investigations it was
not possible to obtain the 'H NMR spectra.

3P NMR spectra of a few representative compounds could
be recorded. The spectra were recorded on 270 MHz spectrome-
ter using CDCl; as a solvent and H3PO, as an external stan-
dard. As we reported earlier,*64” the position of chemical shift
in 3'P is not influenced by the paramagnetic nature of nickel
ion. The values of chemical shifts of the newly synthesized com-
pounds are reported in Table II. The chemical shift values do
not show any significant change from their parent alkylene dithio-
phosphoric acids. This again indicates the monodentate nature of

alkylene dithiophosphate moieties attached to the central nickel
ion.59:60
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Electronic Spectra

Electronic spectra were recorded on GBC 911 spectrophotometer in
the range of 380-1000 nm. Only two bands, ve and vs, were observed
at around 630-685 and 390-440 nm; this may be attributed to the
3Asg — 3T:g (F) and 3A,g — 3T g (P) transitions, respectively. These
transitions indicate the six coordination of central nickel atom.! Data
are given in Table II.

Magnetic Susceptibility

The magnetic moments of the dithiophosphate derivatives are given in
Table II. The magnetic susceptibility was measured at Faraday balance
using Hg[Co(CNS)4] as a calibrant. Pascal constants were used for dia-
magnetic corrections. The complexes show magnetic moment values of
2.98-3.20 B.M. at room temperature, which correspond to the two un-
paired electrons expected for Ni (II) complexes.%?

STRUCTURAL INFORMATION

The above spectral and magnetic data indicate the following octahedral
geometry (Figures 1 and 2) for the above derivatives in which two sul-
phur atoms and two nitrogen atoms of the macrocyclic ring coordinate
to the central nickel ion in the square planar form, and each dithiophos-
phate moiety occupies the axial position, binding the central nickel ion
in unidentate manner through strong electrostatic attraction.

ANTIMICROBIAL ACTIVITY

Antimicrobial activities of o-aminothiophenol, dicarboxylic acids, nickel
salts, and the parent macrocyclic complexes (mc; to mes) were reported
in our earlier communication.#? For the sake of comparison the an-
timicrobial activities of o-aminothiophenol, dicarboxylic acids, nickel
salts, their macrocyclic complexes (mc; to mcs), and of butylene, pina-
coline (tetramethylethylene), and hexylene dithiophosphoric acids are
mentioned in Tables V and VI. Antifungal activities and antibacterial
activities of alkylene dithiophosphate derivatives are shown in bold.
However, the activity of parent macrocyclic complexes is mentioned in
the parenthesis.

Like their parent macrocyclic complexes, the antifungal activities of
alkylene dithiophosphate derivatives were tested against three fungi,



10: 10 28 January 2011

Downl oaded At:

Dithiophosphate Derivatives of Complexes of Ni(II) 1561

Wheren=1,2,3 or 4
FIGURE 1 Dithiophosphate derivatives of macrocyclic complexes of Ni(II)

derived by the template condensation of o-aminothiophenol with malonic, suc-
cinic, glutaric, or adipic acid.

//\/G
S 0

| [ | I
G:CH3-CI‘I—CH‘CH}7 (CH3)2C—C(CH3)2, and (CH3)2-C-CH2CH-,

FIGURE 2 Dithiophosphate derivatives of macrocyclic complexes of NI(II)
derived by the template condensation of o-aminothiophenol with pthalic acid.
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namely Aspergillus flavus, Fusarium oxysporum, and Trichoderma
harzianum. The screening data for the average percentage inhibition of
the fungi at 100, 125, and 200 ppm concentrations are given in Table V.
The values obtained suggest that alkylene dithiophosphate derivatives
of macrocyclic complexes are more fungitoxic than their parent macro-
cyclic complexes, as well as alkylene dithiophosphoric acids. Further-
more, the data also indicate that with the increase in concentration the
fungitoxicity also increases.

The antibacterial activity against two bacterias, namely S. typhi and
B. subtili, were tested by inhibition zone technique.®® The values ob-
tained are presented in Table VI. The values suggest that alkylene
dithiophosphate derivatives of macrocyclic complexes are found to be
more antibacterial than their parent macrocyclic complexes (mec; to
mcs). Of course, the dithiophosphate moieties behave as a monoden-
tate in all the derivatives, but substitution of anions (Cl~, NOj, and
CH3COO™) by the dithiophosphate moieties may reduce the polarity of
the central atom by the partial sharing of its positive charge.

REFERENCES

[1] M. Sabat, K. A. Satyashur, and M. Sundaralingam, J. Am. Chem. Soc., 105, 978
(1983).
[2] H. Sigel, B. E. Fisher, and S. Farkas., Inorg. Chem., 22, 925 (1983).
[3] P.R.Reddy and A. M. Reddy, Indian J. Chem., 41, 2083 (2002).
[4] N. Singh, R. N. Patel, and K. K. Sukla, Indian J. Chem., 42, 1883 (2003).
[5] B.P. Baranwal, T. Gupta, and A. K. Singh, Indian J. Chem., 42, 1905 (2003).
[6] M. S. Nair and M. A. Neelakantan, Indian J. Chem., 41, 2088 (2002).
[7] D. A. Tocher, M. G. B. Drew, S. Chowdhury, P. Purkayastha, and D. Datta, Indian J.
Chem., 42, 484 (2003).
[8] K. K. Kamar, A. Saha, S. Goswami, and S. Peng, Indian J. Chem., 40, 1229 (2001).
[9] M. S. Nair and M. A. Neelakantan, Indian J. Chem., 38, 575 (1999).
[10] M. S. Nair and M. A. Neelakantan, Indian J. Chem., 77, 373 (2000).
[11] M. S. Nair and M. A. Neelakantan, Indian J. Chem., 77, 394 (2000).
[12] N. Singh and S. Gupta, Indian J. Chem., 41, 771 (2002).
[13] M. Fyjita and K. Ogura, Bull. Chem. Soc. Jpn., 69, 1471 (1996).
[14] N. Rajendiran, K. Ramalingam, and R. Thiruneelakandan, Indian J. Chem., 40,
1101 (2001).
[15] K. Ramalingam, G. Aravamudan, and V. Venkatchalam, Bull. Chem. Soc. Jpn., 66,
1554 (1993).
[16] V. Venkatachalam, K. Ramalingam, T. C. W. Mak, and L. Bao-Sheng, Polyhedron,
15, 1295 (1996).
[17] V. Venkatachalam, K. Ramalingam, G. Bocelli, and A. Cantoni, Inorg. Chim. Acta.,
49, 257 (1997).
[18] R. Akilan, K. Sivakumar, V. Venkatachalam, K. Ramalingam, K. Chinnakali, and
H. K. Fun, Acta. Crystallogr., 51, 368 (1995).



10: 10 28 January 2011

Downl oaded At:

[19]
[20]

[21]
[22]

[23]

[24]

[25]

[26]
[27]

(28]
[29]

[30]
[31]
[32]
[33]

[34]

[35]
[36]
[37]
[38]

[39]
[40]
[41]

[42]
[43]
[44]

[45]
[46]
[47]
(48]
[49]
[50]

[561]
[52]
[563]

Dithiophosphate Derivatives of Complexes of Ni(II) 1567

V. Venkatachalam, K. Ramalingam, R. Akilan, K. Sivakumar, K. Chinnakali, and
H. K. Fun, Polyhedron, 15, 1289 (1996).

A. Manohar, V. Venkatachalam, K. Ramalingam, V. Casellato, and R. Graziani, Poly-
hedron, 16, 1971 (1997).

R. George, O. Khan, and O. Guilliou, Phys. Rev. B., 49, 3235 (1994).

A. Bencini, C. Benelli, A. Caneschi, R. L. Carlin, A. Dei, and D. Gatteschi, J. Am.
Chem. Soc., 107, 8128 (1995).

S. W. Keller, V. A. Casson, D. Sandford, F. Stenzel, A. M. Stacy, G. H. Kwei, and
M. A. Franco, J. Am. Chem. Soc., 116, 8070 (1994).

D. L. Nelson, M. S. Willingham, and F. T. George, Chemistry of High Temperature
Superconductors ACS Symposium Series, No. 351. J. Am. Chem. Soc., Washington,
DC 1987).

Z. J. Zhong, H. Okawa, N. Matsumoto, H. Sakiyama, and S. Kida, J. Chem. Soc.
Dalton Trans., 497 (1991).

Z. J. Zhong, N. Matsumoto, H. Okawa, and S. Kida, Inorg. Chem., 30, 436 (1991).
H. Tamaki, Z. J. Zhong, N. Matsumoto, S. Kida, M. Koikwa, N. Achiva, Y. Hashimoto,
and H. Okawa, J. Am. Chem. Soc., 114, 6974 (1992).

H. Tsubuke, T. Yoden, T. Iwachido, and M. Zenki, /. Chem. Soc. Chem. Comm., 1069
(1991).

S. Wherland and H. B. Gray, Biological Aspects of Inorganic Chemistry, (Wiley East-
ern, New York, 1977) p. 289.

S. Wherland and H. B. Gray, Proc. Natl. Acad. Sci., USA, 73, 2950 (1976).

D. Cummins and H. B. Gray, J. Am. Chem. Soc., 99, 5158 (1977).

V. A. Jadhar and R. D. Advant, J. Ind. Chem. Soc., 71, 221 (1994).

N. C. Patra, A. K. Rout, U. Bhattacharya, P. K. Pujapanda, and B. Sahoo, Indian J.
Chem., 30A, 225 (1991).

M. B. H. Howlader, M. S. Islam, and M. R. Karim, Indian J. Chem., 39A, 407
(2000).

A. Bansal and R. V. Singh, Indian J. Chem., 38A, 1145 (1999).

A. Chudhary, R. V. Singh, and A. Phor, Indian J. Chem., 41A, 2536 (2002).

Z. Shourong, L. Huakuan, X. Jingchun, and C. Yunti, Polyhedron, 13, 759 (1994).
D. Christodoulou, M. G. Kanatzidis, and D. Coucouvanis, Inorg. Chem., 29, 191
(1990).

Z. A. Siddiqi and V. J. Mathew, Polyhedron, 13, 799 (1994).

W. E. Keyes, J. B. R. Dunn, and T. M. Loehr, J Am. Chem. Soc., 99, 5427 (1977).

R. Chandra, D. Jain, R. Singh, and R. M. Singh, Synth. React. Inorg. Met. Org.
Chem., 23, 229 (1993).

C. P. Bhasin and D. G. Panchal, Synth. React. Inorg. Met. Org., in press.

C. P. Bhasin and D. G. Panchal, Synth. React. Inorg. Met. Org., in press.

H. P. S. Chauhan, C. P. Bhasin, G. Srivastava, and R. C. Mehrotra, Phosphorus and
Sulfur, 15, 99 (1983).

C. P. Bhasin, G. Srivastava, and R. C. Mehrotra, Inorg. Chim. Acta., 77, 131 (1983)
C. P. Bhasin, G. Srivastava, and R. C. Mehrotra, Inorg. Chim. Acta., 128, 69 (1987).
C. P. Bhasin, G. Srivastava, and R. C. Mehrotra, Indian J. Chem., 26, 834 (1987).
C. P. Bhasin, G. Srivastava, and R. C. Mehrotra, Inorg. Chim. Acta., 131, 195 (1987).
C. P. Bhasin, G. Srivastava, and R. C. Mehrotra, Inorg. Chim. Acta., 144,157 (1988).
C. P. Bhasin, R. Bohra, G. Srivastava, R. C. Mehrotra, and P. B. Hitchcock, Inorg.
Chim. Acta., 164, 11 (1989).

C. P. Bhasin, R. S. Dave, and K. A. Parmar, J. Ind. Counc. Chem., 2, 26 (2001).

C. P. Bhasin, R. S. Dave, and K. A. Parmar, J. Ind. Counc. Chem., 2, 52 (2001).

C. P. Bhasin and D. G. Panchal, Synth. React. Inoorg. Met. Org. Chem., in press.



10: 10 28 January 2011

Downl oaded At:

1568

[54]

[55]
[56]

[57]
[58]
[59]
[60]

[61]

[62]
[63]

C. P. Bhasin and D. G. Panchal

A. 1. Vogel, A Text Book of Quantitative Inorganic Analysis, 5th ed. (Longman, Lon-
don 1978).

M. Shakir and S. P. Varkey, Polyhedron, 14, 1117 (1995).

D. E. C. Corbridge, M. Grayson, and E. F. Griffith (eds.), Topics in Phosphorous
Chemistry (Inter Science, New York, 1969) p. 235.

dJ. Cason, W. N. Baxter, and W. Deacetis, J. Org. Chem., 24, 247 (1959).

R. A. Y. Jones and A. R. Katritzky, J Chem. Soc., 4376 (1960).

H. P. S. Chauhan, Coord. Chem. Rev., 173, 1 (1998).

H. P. S. Chauhan, The Chemistry an Applications of Alkoxy, Aryloxy and Applied
Derivatives of Elements (R. B. S. A. Publishers, Jaipur, 2003) p. 339.

A. B. P. Lever, Inorganic Electronic Specroscopic (Elsevier Science Publisher,
Amsterdam, 1984).

S. E. Livingstone and A. W. Mihkelson, Inorg. Chem., 9, 2545 (1970).

H. H. Thornberry, Phytopathology, 40, 419 (1950).



