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ABSTRACT

Copper(ll) bisditolyl/dibenzyldithiophosphates [(RPS}.Cu] (R = 0-, m- or p-CHCgH,;- or CsHsCH,-) were
precipitated from aqueous solution of CuSbBL,O with sodium ditolyl/dibenzylphosphorodithioatRO)PSNa.
These copper(ll) complexes were reduced to coppeatithiophosphates by methanol corresponding to
[{(RO),PS}Cu] in dichloromethane. The copper(l) complexesenthen reacted with phosphorus and nitrogen
donor ligands in methanol, which resulted in therfation of complexes [{(RGPS}Cu].nL [n = 2, L = P(CeHs)3
and n = 1, L = G,HgN,] in 1:2 molar ratio. These compounds have beerrattarized by elemental analysis,
molecular weight determination, magnetic momengctebnic, IR, and NMR'd, *C and *'P) spectroscopic
measurements. Square planar geometry for the céihpeomplexes and tetrahedral geometry for the pe)
complexes are suggested.

Key words: Dithiophosphates; Phosphordithioates, Phospharoogounds, sulfur ligands.

INTRODUCTION

Dialkylphosphonates [(RGPOJ, dialkylthiophosphonates [(RE)O], dialkyldithiophosphates [(OEBS], and
0,0-alkylenedithiophosphates [OGOfSare important phosphorus-sulfur containing ligaadsd have attracted
wide attention in academia in particular for pronigl various bonding aspects with metals and metsiid. A
variety of complexes have been reported in whiah dihiophosphate ligands behave, normally, in detate
mannet . However, some compounds with less common monatkefinkages have also been describéd It is
pertinent to mention that these dithiophosphatavdtves find extensive applications in variousldi like
agriculturé®*® industries”*® analytical studiés$?® lubrication industri¢s and plastic industriés?®> They also
show biological activityi.e. antitumor properti€d Amongst the 3dnetals copper occupies an interesting position,
acting like a bridge between main group and trarsinetals. The chemistry of copper(ll) and coppergmplexes
with |, I'-dithio ligands is well-established ingHiteraturé>?. It has a strong tendency to form covalent bonitls w
soft ligands (such as P and S donor atémdjhe O,0'-dialkyldithiophosphato derivatives of copper(l1nda
copper(l) have been described and the equilibrietwvéen the two types of derivatives has also béastiesl.28
Recently, the synthesis and characterization aflyddithiophosphates added a new development inattea of
dithiophosphate chemistf§?* These new ditolyldithiophosphate ligands appedret potential chelating ligands to
the metals, metalloids and nonmetals akin to thedkgi and alkylenedithiophosphate ligands. Sometaine
complexes with the ditolyl/dibenzyl dithiophosphatiigands have also been repoffed®=° Some
ditolyldithiophosphates have also demonstrated mapb applications which are highlighted in litens use as
rubber vulcanizef§, heat and light stabilizeYs polymerization catalyst§ and acaricidés Keeping the view of
interesting applications of the dithiophosphategémeral and paucity of work on copper dithiophades, it is
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thought worthy to investigate the chemistry of Witdithiphosphates, particularly, with copper. Waport herein on
the synthesis and characterization of new coppea(itl copper(l) dithiophosphates corresponding (RS} ,Cu]
(1-4), [{(RO),PS}Cu] (5-8), [{(RO),PS}Cu.NL] (n = 2, L = P(GHs)3 (9-12) and n = 1, L = GHgN, (13-16); R =
0-, m or p-CH3CgHy- or GHsCH,-).

EXPERIMENTAL SECTION

Methanol and dichloromethane were dried by the detech method prior to their use. Sodium salt @fO’-
ditolyl/dibenzyl dithiophosphoric acid have beerared by the literature meti3d’. IR spectra were recorded in
KBr pellets in the range of 4000400 twn a Perkin Elmer-557 spectrophotometer. The NMR ¥3C and®'P)
spectra were recorded in CRQIn a Brucker DRX 500 (120 MHz) using trimethylsiéa (CH);Si as internal
reference forH and®*C and 85% HPO, as external reference folP NMR. The NMR and UV-Vis studies were
conducted at Sophisticated Analytical Instrumeatatraculty (SAIF) University of Panjab, Chandigarid Indian
Institute of Integrative Medicine (IlIM), Jammu. I8u was estimated as barium sulfate according He t
Messenger's method and copper was estimated asimgtaically as copperdipyridinedithiocyanate,
[Cu(GsHsN)(SCNY] (dark green). Elemental analyses (C, H and N) mwagjnetic susceptibility were conducted
using a Leco CHNS-932 analyzer and by VSM (vibraiosamplanagnetometer) method, respectively, at Central
Drug Research Institute (CDRI), Lucknow.

Synthesis of complexes

Synthesis of [{(0-CHC¢H,0),PS:},Cu] (1)

An agueous solution of CugBH,0, (0.56 g, 2.50 mmol) was added dropwise to theesags solution of sodium
phosphodithioate,0of CH;CsH;0),PSNa, (1.50 g, 4.50 mmol) at the room temperaturee €blor of the reaction
mixture changed immediately to dark brown. The dandwn precipitates were separated by filtrationsortered

glass crucible (G-4), which was given several wagHirst with water followed by ethanol. Finalljhe complex

was dried at 90C for 2-3 hours, which afforded the complexd{CH;CsH4O),PS},Cu] (1) as brown powder in
93% (1.89 g, 2.77 mmol) yield.

Similar methodology was applied for the complexebusing stoichmetric weights.

Synthesis of(0-CH;C¢H,0),PS,Cu] (5)

[{(0-CH:CeH40),PS},Cu] (5) (0.58 g, 0.85 mmol) was dissolved in 30 ml dichtoethane than added methanol
dropwise with constant stirring. White precipitatesre formed immediately, which were filtered usimdunnel
fitted with G-4 sintered disc. The residue was veastvith ethanol several times followed by drying 8hours at
60 °C, which afforded f{-CHyC¢H,O),PSCu] (5) as white powder in 89% (0.52 g, 1.40 mmol) yielcheT
complexes-8 were synthesized using similar methodology.

Synthesis of (0-CH3C¢H40),PS,Cu.2P(GHs)3] (9)

A dichloromethane solution (10 ml) of triphenylppb@e, P(GHs)s, (0.28 g, 1.00 mmol) was added dropwise to a
dichloromethane solution (20 ml) of the copper(ifolgldithiophosphate, §-CHsC¢H,0),PSCu] (0.20 g, 0.50
mmol) (5) with constant stirring at the room temperature. Thetents were stirred for 3 hrs which resultethia
formation of white precipitates. The precipitatesrevfiltered using a funnel fitted wit G-4 sintergldss disc and
washed 3-4 times with distilled water followed byyidg for two hours at 60 °C. The complexo{(
CH3C¢H40),PSCu.2P(GHs)s] was obtained as white powder in 92% (0.44 g, @iblol) yield. The complexeR)-

16 were synthesized using similar methodology. Thevent synthetic and analytical data for all thenptexes {-

16) are given in Table 1.

RESULTSAND DISCUSSION

Reaction of CuS©5H,0 with the sodium phosphordithioate, (BP%Na (R =0-, m- or p-CH;CgH,4- or GHsCH,-),
are facile due to the anionic nature of the dithmgphate nucleophile but the contents were stfe@-4 hours just
for the sake of completion of the reaction. Thepafil) complexes [{(ROPS}.Cu] (1-4) were obtained as dark
brown powder in 90-93% yield by the reaction of OQ)fPSNa with CuSQ.5H,0 in 2:1 molar stoichiometry in
water Scheme. 1).
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H,0
2(ROLPSNa + CUSQ5H0 ———  [((RQPS},CU] + NaSO,
Stir. 3-4 h (1-4)

(R =0-, m, p-CH3CgH, 0or GgHsCH,)

Scheme. 1. Synthesis of [{(RO),PS,},Cu] (1-4).

Copper(ll) complexesl¢4) were reduced to copper(l) complexes correspontifif{RO),PS}Cu] (5-8) by a facile
reaction with methanol in dichloromethane. The @flp complexesH-8) were obtained as yellowish powder in
87-88% yield Echeme. 2).

[{(RO)2PS}.Cu]

CH,Cl,

{(RGPSICu]
(5-9)
(R =0, Im, p'CH3C6H4 or C6H5CH2)

CH3OH

Scheme 2. Synthesis of [{(RO),PS,}Cu] (5-8).

Copper(l) complexes5(8) were reacted with phosphorus and nitrogen ligandsrder to see the coordinative
unsaturation around the copper atom. The reactibrise complexes58) with the donor ligands in 1:2 and 1:1
were proceeded in a facile manner in dichloromethand afforded the adducts of the composition
[{(RO),PS}Cu].nL [n =2, L = P(GHs)3 (9-12) and n = 1, L = GHgN, (13-16) (Scheme. 3)]. The complexes with
triphenylphosphine were white while those with @;ghenanthrolene were red.

CH,Cl,
{(RO)PSICU] + nL  ——— > [{(RO),PS}Cu.nL]
Stir. 2-3 hrs (9-16)

(n=2, L =P(GHg)s (-12) and n = 1, L = GHgN, (13-16); R =0-, ¥,
p'CH3C6H4 or C6H5CH2)

Scheme 3. Synthesis of [{(RO),PS;}Cu.nL] [n = 2, L = P(CgHe)s (9-12)
and n= 1,L= C12H8N2 (13—16)]

The complexes1£16) are soluble in chloroform, benzene and dichlortbraee and insoluble in-hexane and
carbon tetrachloride. These complexes were decosdpmsthe temperature range of 145-165 °C at athmygp
pressure. The elemental analyses (C, H, N, S ahdvexe found consistent with the molecular compasibf these
complexes.

IR spectra

IR sgectra (4000-200 chy of these complexes are interpreted on basis rieeaeportd® 3 % All the complexes
copper (I1) and copper(l) have shown the presetroag band in the region 1140-1170¢rand 990-1030 cmdue
to v(P)-O—C and/P—O—(C) stretching vibrations, respectively. Thadsain the regions 550-560 chand 658-679
cm ™ are ascribed to(P-S) andv(P=S) symmetrical and unsymmetrical vibrations. th# complexes of copper(ll)
and copper(l) have depicted a shift of 10-30"'cfor v(P=S) compared to the parent dithio ligand, whish i
suggestive of bidentate mode of chelation. Appeaaif a new band in the region 370-386'tmay be assigned to
v(Cu-S) vibrations; this supports the complexatiehneen the copper and ligand. The IR spectra ohtlueicts 9-
16) have showed all the bands observed in the padgpet-dithiophosphates and bands characteristaoobr
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ligands ([P(GHs)s] and NC;-Hsg) in addition to the bands in the region 408-416 4i0-475 crit, which may be
assigned t@(Cu-P) andv(Cu-N) bonding modes, respectively. The IR speatadlies of the complexes are given in
Table 2.

'H NMR spectra

The 'H NMR spectra of these derivatives show a margingleld shift for all characteristic resonance siign
compared to the parent dithiophosphate moieties.citemical shifts for —CH(tolyl ring) and —CH (benzyl ring)
were observed as singlet in the region 2.2-2.3461.8 ppm whereas the chemical shift for theltahd benzyl
ring protons were appeared as multiplet in theored.6-7.1 ppm and 7.0-7.4 ppm, respectively, w#liir usual
splitting patterns. There were two resonances Her ring protons opara complexes whereas four resonances
wereobserved foortho andmetaderivatives. The chemical shifts for aromatic pnstef triphenylphosphine moiety
in the complexe8-12 were observed in the region 7.2-8.9 ppm as mattiflhe complexe&3-16 have shown the
characteristic resonances for phenyl protons di-pHenanthroline moiety in the 7.2-9.1 ppm. ThiidléH NMR
spectral data are summarized in the Table 3.

%P NMR spectra

In proton decoupled’P NMR spectra of these complexes exhibited a dirigleeach case with characteristic
downfield shift of ~14-19 ppm, which is commensearaiith the bidentate nature of the dithiophospmatéetied>.
The *P chemical shift of these complexes was observetiérregion 85.6-95.7 ppm for all the complexese Th
occurrence of singlet in all the cases is due tentbally equivalent nature of phosphorus atom & tiolecule.
Similarly the presence of a separate peak in thieme-4.2 to -4.6 ppm confirms the presence of ARbiety in the
complexes$-12). The*'P NMR spectral data of all the compounds are surizethin Table 3.

3C NMR spectra

The®C NMR spectra of few representative complexes(6, 8, 10, 12, 13 and 15) did not show any appreciable
deviation in the chemical shift value of the carlmorclei present in the parent moieties compardbdgarent dithio
moeity. The chemical shift for methyl (-GHand methylene (—CHi carbon occurred in the range 17.4-20.6 ppm
and 61.0-61.8 ppm, respectively. The carbon nuafephenyl ring (-GHs and —GH,;) have displayed their
resonance in the region 114.1-141.2 ppm. The cl@mébift for C-O and C—(CHl carbon in ortho-
ditolyldithiophosphato derivativesl (and 13) was found in the range of 148.2-148.3 ppm and 122402 ppm.
However, the chemical shift for C—-O and C—@karbon inmeta andpara-ditolyldithiophosphato derivatives3,(

6, 10 and 15) were found in the region 152.6-154.4 ppm and 1:145.2 ppri **39 The downfield and upfield
swing in the chemical shift of C-O and C—({§Harbon inmeta andpara- derivatives may be attributed to the
presence of hydrogen interactions in between prattached tmrtho- carbon of one tolyl ring with the oxygen
atom of the other tolyl ring while in ortho- dertixees C-O and C—(CHl have shown the chemical shift in their
normal region, hence, no hydrogen interactions uiohscases. The chemical shift for the C—{Clarbon in
complexes § and12) was observed in the range 141.1-142.2 ppm.-fBeNMR spectra of the addition complexes
exhibited the signals of the carbon nucleus ofdbeor moieties in addition to the characteristierofical shifts
indicated above. The aryl carbon nuclei of thehtipylphosphine moiety in the complexe),(12) and the
phenanthroline moiety in the complexds, 15) resonated at 122.0-149.0 ppm and 120.0-150.0 pgspectively.
All the chemical shift values are given in the Teal

Electronic spectra

The electronic spectra (800-200 nm) of these coxegldl-4 and 9-16) interpreted on the basis of the literature
report§>*% Electronic spectra were recorded in benzene, whlciw absorption in the visible and or ultra violet
region. The complexed-4) show the absorption of medium intensity in thegea@10-690 nm, 560-540 nm, 400-
380 nm and 290-270 nm. The absorption in the rafdd0-690 nm and 560-540 nmay be ascribed tBg— ?Ag
andzBlg — ZEg, respectively due tod-d transitionsi.e. transition of electrons between the lower enegagiiigher
energy orbital of the copper atom and other traorsibf weak intensity in the 290-270 nm region gssd to
charge-transfer spectra. These transitions sugiésss the copper(ll) had® configuration. The weak intensity
absorption bands which were both spin and orb@tddifiden and observed in the region 550-510 hm;4680nm,
300-280 nm and 270-250 nm for the compleX®&6), may be assigned tb-d transition,i.e. transition of electrons
between the lower energy to higher energy orbitahe copper atom. The absorption spectral barithénregion
400-380 nm and 290-270 nm for the complexed)( and 300-280 nm and 270-250 nm 8+16) complexeswere

of weak intensity and ascribed to charge-trangfecsa, which revealed that there is transitionveen the metal to
ligand (M- L) or ligand to metal (l- M). The electronic spectral data of the compleXe$6) are given in Tablé.
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Magnetic susceptibility data
Room temperature magnetic momeniy| of these complexesl{4) was found in the range 1.5-1.4 B. M. The

magnetic susceptibility is accordance with the lkgin only value (1.73 B. M.) and suggested thatdbper in
these complexes is as Cu(llg. having the electronic configuratiod’. Magnetic moment values also show
antiferromagnetic interactions between copper esrié dimeric molecules in the solid st&teThis also signifies
the geometry around copper(ll) atom as tetrahetitagnetic moment values of these complexed)(are given in

Table 5.

(a (b)

Figure 1b: Proposed distorted tetrahedral geometry for the molecules [{(CH3CsH40).PS;} Cu.2P(CgHs)3] (9-11) (a) and
[{(CeHsCH20),PS;} Cu.2P(CeHs)s] (12) (b)

Figure 1c: Proposed distorted tetrahedral geometry for [{(CH3CsH40).PS;}Cu.N,CioHg] (13-15) (a) and [{(CeHsCH20),PS;}Cu.N,CioHg]
(16) (b)
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Table 1: Synthetic and analytical data of copper(l) and copper (I1) (o-, m- or p-ditolyl)/dibenzyldithiophosphates

M.W. o
S. Reactants (g) mmol Molar Complex Found | Yield Acr:\alyss(ga) Four':jd (Calc%)
No. | LNa CuSO,/L* Ratio (physical state) (Calc) (%) cu
1 150 056 | L, [{(0-MeCoH0),PS},Cu] 135865 | oo | 4928 | 410 | _ | 18.79 | 9.28
| @50 | (2.25) : (Brown powder) (682.27) (49.29) | (4.14) (18.80) | (9.31)
5 132 050 | L. [{(m-MeCoH.0),PS}.Cu] _ g3 | 4925 | 413 | _ | 18.76 | 930
’ (4.00) (2.00) ) (Brown powder) (49.29) | (4.14) (18.80) | (9.31)
5 150 056 | L. [{(p-MeGH.0).PS} .Cu] 135554 | o | 4926 | 411 | _ | 18.78 | 9.27
| @50 | (2.25) : (Brown powder) (682.27) (49.29) | (4.14) (18.80) | (9.31)
. 133 050 | L. [{(C sH:CHLO)PS} U] _ g1 | 4927 | 413 | _ | 18.75 | 929
) (4.00) (2.00) ' (Brown powder) (49.29) | (4.14) (18.80) | (9.31)
. 132 ~ - [(0-MeCoH,0)1PSCU] - g0 | 4508 | 376 [ _ | 17.15 | 17.02
) (4.00) (Creamish powder) (45.09) | (3.78) (17.20) | (17.04)
. | 058 - - [(MMeCH:0),PSCU] 148378 | o | 4505 | 374 | _ | 17.19 | 17.00
) (1.50) (Creamish powder) (372.91) (45.09) | (3.78) (17.20) | (17.04)
- - [(p-MeCGoH,0,PSCu] _ 4507 | 377 | _ | 17.18 | 17.03
7. | 0.43/1.60 (Creamish powder) 78 | (45.00) | (3.78) (17.20) | (17.04)
s | 058/150 - - [(CoH:CH,0)PSCU] 148508 |, | 4506 | 3.75 | _ | 1717 | 17.01
’ ' ' (Creamish powder) (372.91) (45.09) | (3.78) (17.20) | (17.04)
[(o-
890.67 42.90 | 4.92 710 | 7.03
9. | 020/050| 0.28/1.09 12| MeCH.0LPSCU.2P(GHs)q] 75 -
(Wit owden (897.48) (66.91) | (4.94) (7.15) | (7.08)
[(m-
10. | 0.20/050| 0.28/1.00 12| MeCH.O)PSCU.2P(GHs)s - 74 (gg'g% (i'gi) - (;'1‘5‘) (;'gg)
(White powder) ) ) ) )
[(p-
887.05 42.86 | 4.93 712 | 7.05
11. | 020050 028/1.00 12| MeGH.0)PSCU.2P(GHs)d 75 -
(Wit bowder (897.48) (66.91) | (4.94) (7.15) | (7.08)
. [(CeH4CH.0),PSCu.2P(GHs)3) - 42.89 4.90 _ 7.11 7.04
12. | 0200050 028/1.00 12 (e nowien 72 | coon| (4on a1 | oo
| [(0MeCH:0),PS Cu.NoCroHg] - 56.45 | 3.97 | 501 | 1155 | 11.47
13. | 0.15/0.40| 0.22/08¢ 11 (Red powder) 73 | (56.46)| (4.01)| (5.06) | (11.59)| (11.49)
| [(MMeCeH:0),PSCUNCHs | 542.07 56.42 | 3.98 | 505 | 1158 | 11.46
14. | 0.20/0.50| 0.2871.00 11 (Red powder) 65311 | " | (56.46) | (4.01) | (5.06) | (11.59) | (11.49)
| [(p-MeCsHa0)PSCu.NCraHg] _ 56.46 | 3.99 | 502 | 1156 | 11.45
15. | 0.15/0.40) 0.22/08¢ 11 (Red powder) 75 | (56.46) | (4.01)| (5.06)| (11.59)| (11.49)
| H(CeH:CHO)PSICUN,CLHg | 546.73 56.44 | 4.00 | 504 | 1157 | 11.48
16. | 050/1.30) 0.26/1.3¢ 11 (Red powder) 5311) | 7Y | (56.46)| (4.01) | (5.06) | (11.59) | (11.49)

L = 0-, M-, p-CHCsHa- Or CHsCHz; Me = CHs; *L = 2P(CoHs)s (9-12) and GzHaN, (13-16

Table2. IR spectral data cm™ of copper (I1) and copper (1) ditolyl- and dibenzyldithiophosphates

* %

o | VRO V?é))' w=s | s [ eus | Ol

1. 1170, s 992, s 661, 554, m 370,|m --

2. 1170, s 993, s 671, 556, m 380, |m --

3. 1170, s 994, s 657, 556, m 375,|m --

4, 1145, s 997, s 658, 556, m 378,|m --

5. 1155, s 990, s 651, 560, m 384,|m --

6. 1140, s 998, s 679, 560, m 377,|m --

7. 1158, s 995, s 658, 554, m 374,Im --

8. 1164, s 996, s 658, 555, m 380,|m --

9, 1164, s 1030, s 667, $ 556, m 381,|m 408, n|
10. 1165, 1029,: | 665, 550, n 379, n 409, n

11. 1167, 1030,: | 663, 553, n 386, n 410, n

12. 1150, s 1028, s 661, $ 553, m 375,|m 409, n|
13. 1160, s 999, s 671, 553, m 378,m 470, n
14, 1165, s 996, s 677, 552, m 374,|m 473, ]
15. 1160, s 998, s 674, 558, m 378,Im 470, n
16. 1155, 991, ¢ 663, ¢ 550, n 380, n 475, n

s = sharp, m = medium, b = broad
S. No. of the complexes is according to Table 1
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Table 3. ™H and *'P NMR spectral data of copper(l1) and copper(l) ditolyl- and dibenzyldithophosphates (ppm)

31,

S. No. 'H NMR Donor moiety DithiF:)N’\(/IPEhg)
1. 2.2,s, 12H (-CH); 7.0, d, [H(2)]; 6.9, t, [H(3)]; 7.1, t, [H(4)B.6, d, [H(5)] - 90.6, -
2. 2.3, s, 12H -CHg); 7.1, s, [H(1)]; 6.9, t, 1H, [H(3)]; 7.0, t, [H(} 6.6, d, [H(5) -- 95.7, ! -

3. 2.2,s, 12H-CH,); 6.9, d, [H(1,5)]; 7.1, d, [H(2,4 - 85.6,: | -

4. | 45, s, 8H(-CH); 7.0-7.4, m, 8H(-Hs) - 93.6, s -
5. 2.2,5,6H(-CH; 7.0,d, [H(2); 6.9, t, [H(3)]; 7.1, t, [H(4)B.6, d, [H(5)] - 89.6, 9 -
6. 2.2,8,6H(=Ch); 7.1, s, [H(1D)]; 6.9, t, 1H, [H(3)]; 7.0, t, [H[# 6.6, d, [H(5)] - 88.6, 5| -
7. 2.2,s,6H (-CH); 6.9, d, [H(1,5)]; 7.1, d, [H(2,4)] -- 89.6, s -

8. [ 4.7,s, 4H-CH,); 7.C-7.4, m, 8H-CsHs) - 94.1,: [ -

9. 2.2,s, 6H-CHy); 7.0, d, [H(2)]; 6.9, t, [H(3)]; 7.1, t, [H(4; 6.6, d, [H(5) 7.58.9,m,30H, (PF) | 86.8,: [ -4.2, ¢
10. | 2.2,5,6H(-CH); 7.1, s, [H(1)]; 6.9, t, 1H, [H(3)]; 7.0, t, [H(# 6.6, d, [H(5)] 7.3-7.8, m, 30H, (PRh | 90.8,s| -4.6, 9
11. | 2.2,5,6H(-CH); 6.9, d, [H(1,5); 7.1, d, [H(2,4)] 7.2-8.6, B, (PPR) [ 86.8,s| -4.0,5
12. | 4.8, s, 4H(-CH); 7.0-7.4, m, 8H(-Hs) 7.2-8.0,m, 30H, (PRh | 91.8,s| -45,5
13. | 2.2,5,6H(-CH; 7.0, d, [H(2)]; 6.9, t, [H(3)]; 7.1, t, [H(4)B.6, d, H(5)] 7.3-8.9,m, 8H, @:,Hg) | 89.5, s -
14. | 2.3;'s,6H (-CH); 7.1, s, [H(1)]; 6.9, t, 1H, [H(3)]; 7.0, t, [H} 6.6, d, [H(5)] | 7.3-9.1, m, 8H, (3T:-Hs) | 88.3, s -
15. | 2.2,5,6H-CHy); 6.9, d, [H(1,5)]; 7.1, d, [H(2,4 7.39.0,m, 8H, (,CioHg) | 92.7,: [ -

16. | 4.5,'s, 4H(-CH); 7.0-7.4, m, 8H(-6Hs) 7.2-8.9, m, 8H, (BCi.Hs) | 88.8, s -

s = singlet, m = multiplet, t = triplet

S. No. of the complexes is according to Table 1.

Table 4. 3C NMR spectral data of copper (1) and copper (I1) ditolyl/benzyldithiophosphatesin CDCls (ppm)

S.No. | -CH4s/-CH, | C-O | C-O | C-(ortho) | C-(metg | C-(para) | C-(CHs/CH,) | Donor moiety
127.6,

20.6 148.2 -- 124.5 1290 134.5 124.2 -

3. 20.6 - 154.0 120.5 130.0 -- 115.2 --
121.4,

17.4 -- 154.4 123.9 125.8 1325 115.0 -

61.8 -- -- 127.3 128.6 127.7 141.2 --
10. 18.8 ~ | 1526 120 | 1207 | 1332 114.1 126.0-137.
12. 61.0 - -- 123.4 128.7 126.0 141.1 122.0-149|0
13. 20.2 148.3 -- 124.9 ]ig)% 134.8 124.0 124.5-145.7
15. 20.3 - 153.4 122.8 129.1 - 115.2 120.0-150(0

* = hydrogen bonded oxygen

S. No. of the complexes is according to Table 1.
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Table 5. Magnetic moment (B. M.) and UV-Vis. (cm™) data of copper dithiophosphates

S. No. Magnetic Absor ption Tentative
moment (B. M) (incm™ assignments
1. 1.5 14084 ’Bg—2Ag 7 d-dtransition
18518 By — 2E,
25641 Charge transfer
35714 }
2. 1.4 14285 Bg—?Ag _ d-dransition
18181 2By — ZE;}]
25000 } Charge tramsfer
3448:
3. 15 14492 “Bg—?A d-dransition
17857 Byy— 2E}
26315 Charge transfer
37037
4. 1.4 14084 ’Bg—?Ag d-dransition
18182 By — °E
25641
35714 Charge transfer
13. -- 18518 ’Bg—?Ag . d-dransition
24390 2B, 2E§
35714 Charge transfer
38461 }
14. -- 12182~ Bg—2Ag } d-dransition
23809 By —E
35714 Charge transfer
39215
15. -- 19607 Bg—?Ag | d-dtransition
23256 By — °Ey }
35714 Charge transfer
40000
16. -- 18518 ’Bg—?Ag 4 d-dtransition
25000 2By — °E,
35714 Charge transfer
3921t

S. No. of the complexes is according to Table 1.

CONCLUSION

3P NMR chemical shift was obtained as singlet, desa equivalent nature of the phosphorus atomhefdithio
moiety in addition to bidentate mode of bondinghwibpper(l) atom. Molecular weight determinatiolmwhd that
these compounds are tetrameric in nature. Consiglariher analytical data like elemental analysis, *H, 3P
NMR and in conjunction with the literature repéfts” **®we conclude a tetra-coordinated environment exists
around copper(l) atom (Figure 1a.) whereas moleauiaght measurement shows monomeric nature of ergPp
adducts. So, a distorted tetrahedral geometry a@rcopper nucleus has been proposed (Figure 1bhe)ditortion
from the regular tetrahedron can be interpretatedterms of steric hindrance of triphenyl phosphisred
phenthroline and the bidentate nature of dithiophage group.

Copper(ll) complexes are dimeric as indicated byemdar weight determination. Considering the atiedy results
obtained from IR, NMR'H, °C and®'P), electronic spectra and magnetic moments alatigtiae literature reports,
%3 four coordinated square planer environment magdstulated for copper(ll) complexes.
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