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ABSTRACT
Alkylene dithiophosphate derivatives of macrocyclic complexes of Cr(l11) having N,S4 potential donors,

(0]
S
of the general formula, [Cr(L){S P\ >}2] Cl where L=macrocyclic ligands L*, L% L® L* L°and
(0]

| || | | | |
G:CH3*CH*CH*CH3, (CH3)2*C*C*(CH3)2, (CH3)2C*CH2*CH(CH3), CHQ'C (CH3)2-CH2 and

JﬁHz-C(CZH;,)Z-éHZ have been synthesized from the reaction of [Cr(L)X;]x where X = CI, NO;™ or
CH3;CHOO", with ammonium alkylene dithiophosphates in 1:2 molar ratios in THF. These complexes have
been characterized by elemental analysis, molar conductance, molecular weight determinations, IR, 3P
NMR, electronics spectra and magnetic measurements. The anti-microbial of these derivatives have been
studied by screening them Aspergillus flavus, fusarium oxysporum, Trichoderma harzianum and bacteria
like Salmonella typhi and Bacillus subtili. Alkylene dithiophosphate derivatives were found to be more
fungitoxic and antibacterial than their corresponding macrocylic complexes.

Keywords: Macrocyclic complexes, bis-(2-aminophenyl) disulphide, Cr(llI).

INTRODUCTION

The chemistry of macrocyclic ligands is a fascinating area of intense study for inorganic chemists. The
possibility to tailor —make different types of macrocycles for specific use has promoted much of this
interest. Among others, these include for biological systems, therapeutic reagents for the treatment of
metal intoxication, synthetic ionophores and the selective extraction of heavy and precious metals[1-4].
Inspite of vast innovation in macrocyclic chemistry and tremendous interest in mixed ligand complexes,
no mixed ligand macrocyclic complex was reported till our publications. Alkylene dithiophosphates has
been the area of our thrust since last three decades [5-14]. Considering the importance of mixed ligand
macrocyclic complexes, we reported synthesis, characterization, antimicrobial and catalytic aspects of
mixed ligand macrocyclic complexes of Cr(l1l), Mn(ll), Fe(l1l), Co(lll), Ni(ll), Cu(ll), Cd(ll), Sn(ll) and
Pb(Il) with dialkyl- and alkylene dithiophosphates having N,S, potential donors in 22 to 28 membered
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rings[15-31]. We have also reported the macrocyclic complexes of Ni(ll) and Sn(ll) with dialkyl- and
alkylene dithophosphate having N,S, potential donors in 22-28 membered rings[17,24,28-30]. In
continuation to the above work we hereby report the synthesis, characterization and antimicrobial aspects
of alkylene dithiophosphate derivatives of macrocyclic complexes of Cr(l11) having NS4 potential donors
in 22 to 28 membered rings.

MATERIALS AND METHODS

All the Chromium salt and dicarboxilic acids of A.R. grade were obtained from S,D. fine chemicals and
were used without further purification. o-Aminothiophenol was used as obtained from Merck. Solvents
were purified and dried by standard methods. The chelating ligand bis-(2-aminophenyl) disulphide was
synthesized by the dimerization of the o-aminothiophenol by H,0, as reported in the literature [32].
Ammonium alkylene dithiophosphates were prepared by the method as we reported in our earlier
communication [6].

Microanalyses for carbon, hydrogen, nitrogen and sulphur were determined from SICART, Vallabh
Vidyanagar. Chromium and phosphorus were estimated by standard method [33]. The molecular weights
were determined by Rast Camphor method. Infrared data were recorded on a Perkin-Elmer FT-IR
spectrophotometer as KBr pellets. **P NMR spectra were recorded on a Jeol 300 MHz spectrometer using
DMSO-d; as a solvent and TMS as an internal standard. **P NMR spectra were recorded on the same
instrument using DMSO-ds as a solvent and HzPOy, as an external standard.

Synthesis of butylene dithiophosphate derivative of {Tetrabenzo[2,3,11,12,15,16,24,25][4,10,17,23]
tetra aza [1,13,14,26] tetrathaicyclohexai-cosane[5,9,18,22]tetraone}: Precursor macrocyclic complex
mentioned above in parenthesis (3.04 g, 0.0038 mol) was dissolved in THF and was reacted with
methanolic solution of ammonium butylene dithiophosphate (1.57 g, 0.0078 mol) in 1:2 molar ratio.
Reaction mixture was refluxed for ~5 h on oil bath on cooling the green crystals of dithiophosphate
derivatives 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
nitrate formed during the reaction. Product was dried under vacuum and was crystallized with THF /
C,HsOH mixture.

RESULTS AND DISCUSSION

Reaction of Chromium (M = Cr(lll)) salts with bis-(2-aminophenyl) disulphide and various dicarboxylic
acids in 1:2:2 molar ratio in methanol to afford off white or light yellow complexes as shown below :

CrXs + 2C17H17NQS£ +2(CH>)2(COOH),
CHa)n
s PN
/N \ /l\l
H
1 H\ - M\’1 +4H,0
X
(CH

2)n

a\
\

\n/

/
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X=CI"NO; or CH;CHOO and L=L" L? L L* L°. n=1,2,3,4or (CH,), = 0-C6H,-

Figure 1. Tentative Structure of Macrocyclic Complexes of Cr(l11)

= Macrocyclic ligands L', L% L% L* and L°

L'= Macrocyclic ligand derived from bis-(2-aminophenyl)disulphide and malonic acid (n=1),
22- membered ring;

{Tetrabenzo[2,3,9,10,13,14,20,21][4,8,15,19]tetraaza
[1,11,12,22]tetrathiacyclodiicosane[5,7,16,18] tetraone}.

L’= Macrocyclic ligand derived from bis-(2-aminophenyl)disulphide and succinic acid (n=2),
24- membered ring;

{Tetrabenzo[2,3,10,11,14,15,22,23][4,9,16,21]tetraaza
[1,12,13,24]tetrathiacyclotetraicosane[5,7,17,20]tetraon}.

L3= Macrocyclic ligand derived from bis-(2-aminophenyl) disulphide and glutaric acid (n=3),
26- membered ring;

{Tetrabenzo[2,3,11,12,15,16,24,25][4,10,17,23]tetraaza
[1,13,14,26]tetrathiacyclohexaicosane[5,9,18,22]tetraone}.

L*=  Macrocyclic ligand derived from bis-(2-aminophenyl) disulphide and adipic acid(n=4),
28- membered ring.

{Tetrabenzo[2,3,12,13,16,17,26,27][4,11,18,25]tetraaza
[1,14,15,28]tetrathiacyclooctaicosane[5,10,19,24]tetraone}.

L>=  Macrocyclic ligand derived from bis-(2-aminophenyl) disulphide and phthalic acid ((CH), = o-
CeHg4-), 24- membered ring;
{Hexabenzo[2,3,6,7,10,11,14,15,18,19,22,23][4,9,16,21]tetraaza
[1,12,13,24]tetrathiacyclotetraicosane[5,8,17,20]tetraone}.

The above macrocyclic complexes of Cr(lll) in the THF were reacted with a methanolic solution of
ammonium alkylene dithiophosphates in 1 : 2 molar rations to afford the alkylene dithiophosphate
derivatives of the macrocyclic Cr(I111) complexes in the following manner :

0 0
[Cr(Ll-s)X3]+2NH452P\ O>G —H#Cr(L;:.5){S2P \O>G}2]+2NH4X

| ] | | |
G= CHy—CH-CH-CHs, (CH3),C - C(CH3) 2, (CH3)>,C-CH,-CH(CH3),

Cle-C(CH3)2-C|'||2 and Cle-C(Csz)g-CHgll

IUPAC names have been mentioned in parenthesis in hold letters. The formula of the alkylene
dithiophosphoric acid used for the synthesis of mixed ligand macrocyclic complexes have been depicted
below.

HSZI4>OCH(CH3).CH(CH3)J)
Butylene dithiophosphoric acid
(2-Mercapto-2-thiono-4,5 dimethyl 1,2,3-dioxaphospholane)

| |
HS,POC(CHs;),.C(CHj3),0
Tetramethylethylene dithiophosphoric acid
(2-Mercapto-2-thiono-4,4,5,5-tetremethyl-1,3,2-dioxaphospholane)
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HSJDOC(CHg)zCHz.CH(CHg)CB
Hexylene dithiophosphoric acid
(2-Mercapto-2-thiono-4,4,6-trimethyl-1,3,2-dioxaphosphorinane)

I I

HS,POCH,C(CHj3),.CH,0

Neo-pentylene (2,2-dimethlpropylene) dithiophosphoric acid

(2-Mercapto-2-thiono-5,5 dimethyl 1,3,2-dioxaphosphorinane)
[ 1

HS,POCH,C(C;Hs),.CH,0

2,2-Diethylpropylene dithiophosphoric acid

(2 Mercapto-2-thiono-5,5 diethyl 1,3,2-dioxaphosphorinane)

Except THF and DMSO, these derivatives are insoluble in almost all organic solvents. All derivatives are
yellow or light yellow in color. The molar conductance of 10° M solution in DMSO lie in the range 36-44
ohm™cm?mol™, showing that these complexes are 1:1 electrolyte The molecular weight determinations
indicate their monomeric nature. The Analytical Data of Alkylene Dithiophosphate Derivatives of
Macrocyclic Complexes of Cr(l11) ar presented in table 1.

Infrared Spectra: In the macrocyclic complexes, the four bands in the region 1638-1680 (s), 1516-
1582(m), 1240-1272(s) and 648-690 (w) cm™ have been ascribed to the amide I, amide 11, amide 11l and
amide 1V in-plane deformation vibrations, respectively [34]. A broad band in the region 3104-3189(m) cm’
! has been assigned to the v(N-H) vibration of the secondary amino group. These bands do not show any
significant change from their parent macrocyclic complexes. Two bands present in the region 1040-1072
cm™ and 888-840 cm™ may be assigned to (P)-O-C and P-O-(C) stretching vibrations, respectively [35].
The band present between 999-954 cm™ may be attributed to the ring vibrations of dioxaphospholanes and
dioxaphosphorinanes respectively, which are probably coupled with C-C stretching vibrations [36,37]. A
weak band present in the region 570-538 cm™ has been attributed to P-S symmetric and asymmetric
vibrations. A strong band observed in the region 728-680 cm™, which also appears in ammonium alkylene
dithiophosphates at 128 around the same region, is attributed to the P=S moiety. This indicates the
unidentate behavior of the dithiophosphate moieties The presence of sharp and weak bands in the region
483-418 cm* and 364-320 cm™ have been assigned to v(Cr-N) and v(Cr-S) vibrations, respectively
[7,8,38].
Table-1- Analytical Data of Alkylene Dithiophosphate Derivatives of
Macrocyclic Complexes of Cr(l1)

Sr.
No.

Analysis % Found (Calcd.)

Compound Molecular Conductivity

c H N p s cr ¢ Wit
Found

102 -1
(Calcd.) Ohm Cm Mol

=

N

w

I I 4454 429 511 557 2215 466 325 1136
[Cr(Ls) S:POC(CHs).CH,.CH(CH5)O}] (4415)  (420) (490) (543) (2242) (455) (3.10) (L1415) 38

(C42H43N4P2$303CF)C|

| | 41.05 3.66 6.26 5.59 2306 469 - 1105
[Cr(LY){S,POCH(CH3).CH(CH3)O}-] : : : : : : 44

41.00 3.59 6.29 557) (23.02) (4.67 1112

N OGN, (4100)  (359) (629) (557) (23.02) (467) (1112)

| I 50.44 4.08 4.75 528 2188 448 - 1149

1

[Cr(L }{S:POC(CH5), C(CH5).0%:] (5047)  (412) (480) (532) (21.97) (4.46) (1165) 36

(C42H43N403P253CF)(CH3COO)
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46.04 4.58 4.72 5.15 2130 442 288

[
[Cr(L%){S,POCH,C(C,Hs)..CH Oi ] ! ) ) ) ) ) ) 37
(CEGHSGNAE)BPZéBCr;CI 2052 (46.09) (4.67) (4.67) (5.17)  (21.37) (4.34) (2.96) (1197.5)

[ | -
[Cr(L2){S:POC(CHs)s. C(CHs), O3] 44.16 4.48 5.79 5.22 21.37 439 1191

42
NP CoNG, (44.14)  (434) (585) (5.18) (21.40) (4.34) (1196)

[ | 50.45 436 477 529 2189 441 - 1175
Cr(LY{S,POCH,C(CH3),.CH,0O : ' ' : ' : 41
[ (&2?4{48;\‘AOsnggér)(é)ﬁacgo)}Z] (5047)  (437) (480) (532) (21.97) (4.46) (1165)

[ |
[Cr(L%){S:POC(CHs)2CH,CH(CH:)0}.] 4602 459 462 513 2131 441 294 1182 %
(CasHesN2OgP2SsCr)Cl (46.09)  (467) (467) (5.17) (2137) (4.34) (2.96) (1197.5)

[ 46.05 4.72 5.55 5.89 2039 408 - 1274
Cr(L%){S,POCH,C(C,Hs),.CH,0O 40
[Cr( ()é;HeoNAozgp(zs;c?))f\Iof 8 (46.00) (479) (559) (4.95) (20.44) (4.15) (1252)

[ | 52.74 4.80 451 5.03 2094 429 - 1232
Cr(Ls){SPOC(CHs)2.C(CH3),0 43
[ (réAZ)rtefxupzsgogé)rz)(c(ch%ZO)}Z] (52.79)  (483) (458) (5.07) (20.96) (4.25) (1221)
[Cr(L){SPPOCH(CHs). CH(CHs)O}] 4516 446 475 533 2178 441 296 1177 "

(CaaHeoN:OgP2SsCr)Cl (45.14)  (444) (A78) (530) (21.88) (4.44) (2.99) (1169.5)

[ | 45.12 454 5.69 5.10 20.89 426 - 1211
Cr(L{S,POC(CHs),.C(CHs),0 38
e ()C{48|2'|60N4(03P23%28Cr()N0322 ¥l (45.09)  (457) (5.71)  (5.068) (20.91) (4.24) (1224)

| | 53.78 4.01 450 493 2046 413 - 1234
Cr(L*{S,POCH,C.(CHs),.CH, 0 : : ' : : : 40
[ ((043£|5:N408P2258((:r)(ca)rzgcozo)h] (5380)  (4.04) (448) (4.96) (2049) (4.16) (1249)

| | 49.26 414 439 479 2028 407 280 1242
Cr(L%){S;POC(CHa)2.C(CHs),0 : : : : : o7 2. 44
[Cr( )(ElsszzN(z;OgIgzzSgC(r)CF)Z bl (4930)  (410) (442) (489) (2022) (4.10) (2.76) (12655)

| [ 48.32 4.10 5.38 483 1976 407 - 1288
Cr(L%){S;POC(CHs);CHz.CH(CH3)O : : : : : : 38
[CrL){s: (C52|E|52N3368P2?38C|’)(N02) k] (4829)  (402) (541) (479) (19.81) (4.02) (1292)

[ |

[Cr(L?){S:POCH(CHs).CH(CH:)0}:] 5446 385 461 516 2079 423 - 1210 40
(CasHaN4OgP,SsCr)(CHsCOO) (5450) (381) (454) (5.02) (20.76) (4.11) (1233)

211

205

208

211

202

208

201

204

206

209

204

207

®Analytical and physico-chemical data of precursor macrocyclic com plexes.

P NMR: *'P NMR spectra of a few compounds were recorded on 300 MHz spectrometer using DMSO-dg
as a solvent and H3PO, as an external standard. **P NMR spectra of few representative compounds could
be recorded. The chemical shift values do not show any significant change from their respective
ammonium Alkylene dithiophospate moieties attached to the central chromium ion [39,40]. The values of
chemical shift of the newly synthesized compounds are depicted in table 2.

Magnetic Susceptibility: The magnetic moment of the complexes is given in table 2. The Magnetic
susceptibility was measured by VSM balance using Hg[Co(CNS)4] as a calibrant. Pascal constants where
used for diamagnetic corrections. The Cr(I1l) complexes show magnetic movement values of 3.90-4.04
B.M. at room temperature, which correspond to three unpaired electron expected for high spin Cr(Ill)
complexes [41,42].
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Table 2- Physico-Chemical Data of Alkylene Dithiophosphate Derivatives of
Macrocyclic Complexes of Cr(l11)

Electronic Spectra L, (M)
P NMR Magnetic Moments (edm® mol? cm™)

Chemical shift (3) Herr (B. M.) vy va
94.72 3.92 (3525,35(;)8) (4211.1119)
91.00 4.02 (351? 1) (4211%;12)
91.14 3.98 (2?,?568) (41(1).1118)
94.09 3.96 (35273?9) (41(1)%559)
90.22 4.01 (352%) (41%5)
73.89 3.98 (3517884) (443.136)
75.12 3.94 (3518.;56) (4?255)
96.66 4.02 (352838) (422522)
94.02 4.00 (3%729) (4%)7)
90.88 3.96 (2??0) (4?9?5)
91.28 3.98 (3525,322) (44%9)
77.19 3.94 (2?3?7) (4?5(3)4)
73.81 4.02 (3515,}34) (4A£1.2889)
92.69 4.00 (3%9(?0) (4Ailg9)
93.11 3.99 (3525,;884) (4%;15)

Electronic Spectra:The electronic spectra were recorded on a GBC 911 spectrophotometer in the range
380-1000 nm using THF as a solvent. In Chromium two bands were observed at 578- 590 (v1) (e : 31.11 -
33.60) and 408 - 430, (v2) ( € : 41.75 - 42.84) nm, respectively. These bands may be assigned to the
transitions “Tog(F) < *Agg and “T14(P) < *Ayq respectively. These transitions indicate the six-coordination
of the central chromium ion [43]. Data have been presented in table 2.

APPLICATIONS

Antimicrobial Activity: The antimicrobial activity of bis-(2-aminopheny) disulfide, dicarboxylic acids,
Chromium salts and the precursor macrocyclic complexes (L' to L°) has been reported in our earlier
communication[15]. Like their precursor macrocyclic complexes, the antifungal activity of
dialkyldithiophosphate derivatives has been tested against three fungi, Aspergillus flavus, Fusarium
oxysporum and Trichoderma harzianum. The screening data for the average percentage inhibition of the
fungi at 100, 125 and 200 ppm concentration. The values obtained suggest that the alkylene
dithiophosphate derivatives of macrocyclic complexes are more fungitoxic than their precursor
macrocyclic complexes as well as the alkylene dithiophospharic acids. Further, the data also indicate that
with the increase in the concentration, the fungitoxicity also increases. The antibacterial activity against
two bacteria, namely Salmonella typhi and Bacillus subtili, were tested by the inhibition zone
technique[15,16]. The wvalues suggest that the alkylene dithiophosphate derivatives of macrocyclic
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complexes are more antibacterial than their precursor macrocyclic complexes (CrL'-CrL®). The Antifungal
Activity and Antibacterial Activity of Alkylene Dithiophosphate Derivatives of Macrocyclic Complexes of
Cr(11) is given in table 3.

Table 3- Antifungal Activity And Antibacterial Activity of Alkylene Dithiophosphate Derivatives of
Macrocyclic Complexes of Cr(lIl)

Average % of Inhibition after 72 h at 30+ 2°C percentage growth
inhibition after 24 hours at
30+ 2 C (conc. in ppm)

Compound Aspergillus Fusarium oxysporum Alternaria Bacillus  Salmonella
flavus alternata Subtili typhi
100 125 200
100 125 200 100 125 500 500
200 1000 1000
A Bavistin (Standard) 91 95 99 90 94 99 91 95 99 - - - -
B Streptomycin - - - - - - - - - 98 99 98 99
o bis-(2-aminopheny) disulfide 30 34 40 31 35 39 32 37 41 11 13 10 12
D CrCl;.6H,0 31 35 41 30 37 42 30 36 40 10 14 12 14
E Cr(NOs3)3.9H,0 32 37 42 30 35 42 31 36 41 11 15 12 17
F Cr(CH;COO0);3H,0 36 42 30 34 40 30 35 41 43 10 15 13 19
G HOOC-CH,-COOH 18 20 21 21 24 27 22 25 29 6 8 6 9
H HOOC-(CH,),-COOH 21 24 28 22 26 29 21 24 27 8 10 8 12
| HOOC-(CH,);-COOH 21 25 29 22 26 29 22 25 29 9 11 8 13
J HOOC-(CH,)s-COOH 20 23 26 21 24 27 22 26 29 8 11 7 12
HOOC-CsH,-COOH 22 24 27 23 26 29 21 24 28 10 13 11 14
61 65 66 70 72 74 75 68 70 17 22 20 24
HS,POC(CHs),CH,CH(CH5)O
62 64 65 66 72 73 75 66 72 17 21 20 24
H82I£OC(CH3)2C(CH3)28)
72 74 68 65 70 72 74 71 73 22 24 24 27
HS,POCH,C(CHs),CH-0
Complex
51 56 61 50 5 60 52 56 61 38 40 40 42
[Cr(L1) StPOC(CH3),CH2.CH(CH3)O}]
(C42H4BN4P28303CT)C|
53 59 64 52 56 61 52 57 61 40 44 41 46
[Cr(LY{SIPOCH(CH;).CH(CH;)O}}]
(C33H40N403P288CI’)NO3
50 54 62 51 56 63 51 54 60 39 42 40 44
[Cr(L"){SIPOC(CH;)..C(CH3):0%]
(C42H43N403P253CI’)(CH3COO)
53 57 61 55 59 63 52 56 60 35 39 36 42
[Cr(LZ){SJPOCH2C(C2H5)2.CH20}|2]
(C46H56N403P288C|’)C|
52 55 60 51 56 61 50 56 62 38 44 40 46
[Cr(L2){S,POC(CHs), C(CHs), O3]
(CasH55N405P,SsCr)NO;4
52 58 61 53 59 63 50 54 61 42 46 40 44
[Cr(L{S,POCH,C(CHs),.CH,0}.]
(C42H48N40gP,S5Cr)(CH3COO)
52 56 60 52 57 63 51 56 62 41 45 42 46
[Cr(L%{S,POC(CHs),CH,CH(CH3)O},]
(C46H56N403PZSgCr)CI
2510
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10

11

12

13

14

15

51 55 62 50 55 61 51 57 62 42 46 38 42
[Cr(L}{S,POCH,C(C,Hs),.CH,0},]
(CugHgoN4O4P,SgCr)NO;
55 57 63 52 57 63 51 56 61 40 43 38 42
[Cr(Ls){S:POC(CH;),.C(CH:),0}]
(CagHssN4P2Sg05Cr) (CH3COO0)
54 59 63 56 61 65 55 59 63 41 45 40 46
[Cr(LY{S,POCH(CH;).CH(CH)0},]
(C44H52N405P283Cr)C|
53 59 62 51 56 62 52 57 62 38 43 40 46
[Cr(L%{S,POC(CH).C(CH3):0}.]
(C4gHsoN4OgP,SgCr)NO;
51 56 62 50 55 60 51 56 62 40 45 41 46
[Cr(LY{S,POCH,C.(CH3),.CH, b},]
(Ca6H56N40gP2SCr)(CH3COO0)
51 55 64 52 58 61 53 58 64 39 44 40 45
[Cr(L°)}{S,POC(CHs),.C(CHy),034]
(C52H52N4OBPZSSCr)CI
52 57 62 53 58 63 51 55 61 42 47 41 47
[Cr(L%{S,POC(CHs),CH,.CH(CH3)®},]
(Cs2Hs,N4OgP,SgCr)NO;
52 57 60 51 55 60 53 57 64 40 45 41 46

[Cr(L%{S,POCH(CHs).CH(CH)0},]
(CagH44N404P2SCr) (CH3CO0)

CONCLUSIONS

The above spectral data indicate the octahedral geometry (Fig. 2) for the above derivatives in which four
nitrogen atoms of the macrocyclic ring coordinate to the central (M = Cr(lIl)) ion in the square planar
form and each dithiophosphate moiety occupies the axial position binding the central metal (M = Cr(l1l))
ion in unidentate manner through strong electrostatic attraction.

\/O\G

n=1,2,3,4or(CHy)n=0-CeHy-
| | | \ | |
where G = (CH3)2CCH2CH(CH3), CH2(CH3)2CH2, CHzc(C2H5)2CH2,

F‘C(CH:;) (CH3)|CH and ‘C(CH3)2(CH3)2‘C
Fig.2. Tentative Structure of the Alkylene DithiophosphateDerivatives
of Macrocyclic Complexes of Cr(l1)

2511
Www. joac.info



C. P.Bhasin et al Journal of Applicable Chemistry, 2014, 3 (6): 2504-2513

[1]
2]

[3]
[4]
[5]
[6]

[7]
[8]
[9]
[10]
[11]

[12]
[13]
[14]
[15]

[16]

[17]
[18]

[19]
[20]
[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]
[35]

[36]

[37]
[38]

[39]

REFERENCES

R. M. lzatt, J. J. Christensen, (Eds.) Synthesis of Selective Agents, (J. Wiley: New York), 1987.

Y. Inoue and G. W. Gokel, (Eds.) Cation Binding by Macrocycles Marcel Dekker, New York,
1990.

P. Guerriero, S. Tamburini and P. A. Vigato, Coord Chem. Rev. 1995, 139, 17.

A. T. Yordanov and D. M. Roundhill, Coord. Chem. Rev. 1998, 170, 93.

C.P. Bhasin, G. Srivastava and R. C. Mehrotra, Inorg. Chim. Acta. 1983, 131, 77.

H.P.S. Chauhan, C. P. Bhasin, G. Srivastava and R. C. Mehrotra, Phosphorus, sulfur and silicon
and the related Elements, 1983, 15.

C. P. Bhasin, G. Srivastava and R. C. Mehrotra, Inorg. Chim. Acta., 1987, 128, 69.

C. P. Bhasin, G. Srivastava and R. C. Mehrotra, Indian J. Chem., 1987, 26, 834.

C. P. Bhasin, G. Srivastava and R. C. Mehrotra, Inorg. Chim. Acta, 1987, 131, 195.

C. P. Bhasin, G. Srivastava and R. C. Mehrotra, Inorg. Chim. Acta, 1988, 144, 157.

C. P. Bhasin, R. Bohra, G. Srivastava, R. C. Mehrotra and P. B. Hitchcock, Inorg. Chim. Acta,
1989, 164, 11.

P. Bhasin, R. S. Dave and K. A. Parmar, J. Indian Council Chem., 2001, 2, 26.

P. Bhasin, R. S. Dave and K. A. Parmar, J.Indian Council Chem., 2001, 2, 52.

P. Bhasin, and R. C. Mehrotra, J. Ind. Chem. Soc., 2002, 79, 336.

P. Bhasin and D. G. Panchal, Synth. React. Inorg. Met. Org. Chem and Nano Met. Chem.,
2005, 35, 213

C. P. Bhasin and D. G. Panchal, Phosphorus, sulfur and silicon and the Related Elements, 2004,
179, 1545.

C. P. Bhasin, A. G. Gupta and M. P. Gongiwala, J.Ind.Chem.Soc., 2004, 81, 1073.

C. P. Bhasin, J. P. Patel and M. L. Desai, Phosphorous, Sulfur and Silicon and the Related
Elements, 2008, 183, 2015

C. P. Bhasin, K. V. Goswami and M. P. Gongiwala, J.Indian Council Chem., 2009, 26, 12.

C. P. Bhasin and M. L. Desali, J. Indian Council Chem., 2009, 26, 113.

C. P. Bhasin, J. Ind. Chem. Soc., 2012, 89, 593.

D. G. Panchal, Ph.D. Thesis, Hem. North Gujarat University, 2005.

C.
C.
C.
C.

A. G. Gupta, Ph.D. Thesis, Hem. North Gujarat University, 2006.

M. P. Gongiwala, Ph.D. Thesis, Hem. North Gujarat University, 2006.

M. L. Desai, Ph.D. Thesis, Hem. North Gujarat University, 2007.

J. P. Patel, Ph.D. Thesis, Hem. North Gujarat University, 2007.

V. M. Patel, Ph.D. Thesis, Hem. North Gujarat University, 2008.

C. N. Patel, Ph.D. Thesis, Hem. North Gujarat University, 2012.

C. P. Bhasin, M. B. Patel and C. G. Prajapati, J.of Applicable. Chem., 2014, 3, 91-98.

C. P. Bhasin, C. G. Prajapati and M. B. Patel, J.of Applicable. Chem., 2014, 3, 1582-1591.
M. J. Patel, Ph.D. Thesis, Hem. North Gujarat University, 2012,

V. B. Rana, P. Singh, D. P. Singh and M. P. Teotia, Polyhedron, 1982, 1, 377.

A. 1. Vogel, “A Text Book of Quantitative Analysis”, 5™ Ed. Longman, London, 1999.

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

D.E.C. Corbridge, M. Grayson and E.J. Griffith, (eds.), Topics in Phosphorous Chemistry, Inter
Science, New York, 1969, 6, 235.

J. Cason, W. N. Baxter and W. Deacetis, J. of Org. Chem., 1959, 24, 247.

R.A.Y. Jones and A. R. Katrizky, J. of Chem. Soc., 1960, 4376

K. Nakamoto, Infrared and Raman Spectra of Inorganic and coordination compounds part B:
Application in coordination organometalic and Bioinorganic Chemistry. 5th ed., (Wiley
Inrterscience, New York), 1997, 65.

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

2512
Www. joac.info



C. P.Bhasin et al Journal of Applicable Chemistry, 2014, 3 (6): 2504-2513

[40]

[41]
[42]

[43]

H.S.P. Chauhan, “The Chemistry an Application of Alkoxy, Aryloxy and Applied Derivatives of
Elements”, R.B.S.A. Publishers, Jaipur, India, 2003, 339.

R. S., Drago, Physical methods in chemistry: Saunders college publishing, 1997.

F. A., Cotton, G. Wilkinson, C. A. Murillo and M. Bochman, Advance inorganic chemistry, 6t
John Wiley & sons, INX, 1999.

A.B.P. Lever, Elsevier Science Publisher: Amsterdam, 1984.

2513
Www. joac.info



