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\I .  S. Singh*, I). ('haurey and K. I'rasatla R a o  

Organic and Organometallic Laborator!, School of Studies in ('hrniistr! 
\'ikrarn I:ni\ersity, r'jjain - 456 010 (\l.f'.). Incli;i 

Much Iiteraturc is aLailable on dialkyl dithiopliospliatcs'-' as well a s  ouii i iates' ' of '  
antiinony(ll1) I lo\\e\er. cotnparatively less attention has been paid to niiucd dialkyl 
dithiopliosphate coinplcxcs of antiinoiy I l l ) "  Chclates of antimony( I l l  ) i i ioit'ties with 
N. 0 and S donor Iigaiids havc hew received inuch attention during the last fen years" 
O\iiiir dematives of ailtiinon?( I l l )  have attracted the atteiitron o t ' c l i e i n i h t h  iii the  I-eceiit 
past In \ lei \  of the tasciiiatiiig structures". hotiding characteristics' . ond potential appli- 
cability" of' antimony( I l l )  coinplews. \vc report i n  the present paper tlic syiitlit 'sis aiid 
cliaractertLation of some inised benzildiosiinate diiilkyl ditliiopliosplinto comple\es of 
aiitiinony( 111) 

'Hie ini\ed Iigand derivatiws of antimony(lll I haw been sy i thes ized by the ieaction 01' 
clilorobis. dichloro aiid monocliloro antiinony(ll1) deri\arives of' beii,ddio\inie M ith tlir 
ainiiioiiiiini salt ofdialkyl dithiophosphates in 1 1 , 1 2 and I I molar ratios, i-t'spccti\elb. 
i n  beiircne The cliloro derivatives of benzildioxiiiiatoaiittiiioliy( I l l )  have besii s\.i i t l ie- 
sized and characterised in  ow laboratory:'. 
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664 SINGt1 CHAUREY.  A N D  PRASADA RAO 

f'h--<'= N-OH benzene 

l'h-C' z U - 0  - n \H,Cl 
ShCl,n,* 11 \tf,[S,P(OR),] > 

Wliere in - I .  ii . -  2 .  R 7 Et,  Conipd ( I ) :  m 
R - L-f'r. Coinpd ( 3 ) ,  rn - 2 .  ii = I ,  R -- !-Pr. Compd (4) .  in -. I .  n - 2. R .- i-Bu. 
Coinpd ( 5 ) .  in -- 1. 11 - I .  K 7-  !-Bu, Compd. ( 6 )  

2.11 I ,  f i  - Ft. Cornpd. ( 2 ) ,  in = 1 .  n = 2, 

Wliere R - Ft. Compd (7) .  K - 14%. Cornpd (8), R = !-Bu. Coinpd ( 9 )  

These reactions were carried out by stirnng the reactants in dw benrene wi th  slight heat- 
ing (45.50 C)  for about 2-3 h The complexes are yellow solids v.hicli are soluble i n  

DMSO, DMk, CHCI;. and benzene. and are monomeric in  Cl ICI, 

IR SDectral Data 

Characteristic bands i n  the IR spectra of the present mixed ligand complexes have been 
assigned by comparison with the spectra of the corresponding 
tris( benzildioxiniato)~itiinony( 111 ) 5  and tns( dialkyl dithiopliospliato)antiinoiiy( i l l ) '  com- 
plexes Infrared spectra of the mixed ligand derivatives show a new band i n  the region 
460-445 a n . ! ,  which can be attributed to the fonnation of an antiinoiiy-oxygen (Sb-0)  
bond1- A strong band at 1610 crn-' due to v(C - N )  in the tris derivatiLes does not show 
any discernible shift in the spectra of the derivatives, indicating that the C--N group i s  not 
taking part in coordination The bands i n  the regions 1030-960 ciii.' and 880-730 cin-I are 
assigned to (P)-0-C and P-O-(C) stretching modes,' respectively A strong band ob- 
served in the region 680-625 crn-' due to v(P-S)"m the spectra of dialkyl dithiophosphoric 
acids and their ammonium salts is shifted to lower frequencies by about 30 ciii-I in the 
mixed derivatives, and a strong band in the region 360-335 cin ' due to vt Sb-S) vibra- 
tions"' indicates a strong bidentate chelation of the Iigands with antiinoil> 

NMR Spectral Data 

The ' I  1 NMR spectra of the mixed ligand complexes in CDCI, show characteristic reso- 
nances due to alkoxy and phenyl protons (Table 111). All of the mixed ligand complexes 
of antmony(1ll) show a multiplet due to the phenyl protons in the region 6 6.85-8.00 
pprn The ethyl protons exhibit a triplet at 6 1 40 pprn due to CH, protons and a quartet at 
6 4 25 pprn due to OCH, protons The isopropyl protoiis appear as a doublet at 6 1 60 
ppm due to CH, protons and a multiplet centered at 64.70 pprn due to OCH protons. The 
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DITHIOPHOSPHATO DERIVATIVES OF ANTIMONY(III) 669 

isobutyl protons appear as a doublet at 6 0 96 ppm due to CH, pr0tons.a inultiplct cen- 
tered at 6 I 90 pprn due to Cl I protons and a doublet at 6 3 95 ppm due to OCI 1: protons 

I 'C Nh4R spectra of some representative compounds have been recorded (Table IV)  The 
peak assignments are made on the basis of comparison with the reference compounds 
I he rcsoiianccs at I30 5,  119 0, I32 8 and 139 0 ppm have been assigned, respectncl?. to 
the C-2 and C-6, C-3 and C-5 and C- 1 and C-4 carbons of the phenyl p o u p  These bands 
are present i n  the spectra of the mixed ligaod complexes at almost the same position The 
signal at 160 5 ppin is due to the imino carbon. which does not show any shift in the 
corresponding Sb( I l l  ) complexes, indicating iion-involvement of the irnino group in 

coinplesatioii 

.~ 

Proton-coupled and decouplcd "P NMR spectra of these complexes were obtained (Table 
111) hi the proton decoupled spectra only one peak for each compound in the range of 
00 1-92.8 ppin ( J  8 80 Hz) is observed The "P chemical shift values observed i n  the 
parent dialkyl dithiophosphoric acids are shifted downfield in the correspondins 
antimony(lll) complexes by 10-1 5 ppm Ths indicates the bidentate behaviour of the 
dialkyl dithiophosphate moiety1! l6 in all of these derivatives which is further supported 
by the IK spectral data 

The above observations based oii the physical and the spectral data show the bidentate 
nature of the dithiophosphate moiety and the benzildioximate moiety exhibits both 
uiiideiitate and bidentate behaviour. The complexes derived from chlorobis aiid 
monochloro(beii~ildiosiinato)antimon~(III)'may be postulated to show trigonal 
bipyramidal geometry (F ig  1 ,  b aiid c) ,  while the complcves obtained from 
dichloro(benzildioximato)antimoiiy(lII) show a distorted octahedral geometr) (Fig I .  a)  
if the presence of a stereochenucally active lone pair is also considered in the coordina- 
tion sphere 

EXPEKI M ENTAI , 

All experiments were carried out i n  a moisture-tiee atmosphere Solvents were dried by 
standard methods''. Antimony trichloride was distilled under reduced pressure before 
use. Benzildioxime'' and dialkyl dithophosphoric acids"-" and their armnoiiiurn2" salts 
were prepared by previously reported methods. Sulphur was determined gravimetncally 
as barium sulphate, nitrogen was determined by Kjeldahl's method" and antimony was 
determined ~odometrically~~ after converting Sb(II1) to Sb(V) by heating with KMnO,, 
excess Kh4n0, was decolourised by H202 and excess kIzOz was removed by evaporation. 
The IK spectra were recorded on a Perkin-Elmer 580B spectrophotometer The 'H NMK 
spectra were recorded on a Perkin-Elmer R-32 using TMS as internal standard and "C 
NMR on JEOL FX-90 spectrometer using TMS as external standard and "P NMR spectra 
were recorded on a JEOL FX-90 spectrometer operating at 36.29 MIlz using 85?,, Ii,PO, 
as external standard. All spectra were recorded from National Chemical Laboratory, 
Pune. Molecular weights measured on Knauer vapour pressure osmometer in dilute 
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670 SINGH. CHAUREY.  A N D  I'RASADA RAO 

(a)  Compounds(l),(3).(5) 

(b) Compounds (2). (4). (6) 

(c )  Compounds (7). ( 8 ) .  (9 )  

Fig. I .  Suggested Structures of the Compounds 
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DITHIOPHOSPHATO DERIVATIVES OF ANTIMONY(III)  67 1 

(20 g 1;') chloroform solution at room temperature show the monomeric nature of the 
complexes 

Synthesis of Mixed-Lipand Comalexes of Antimonv(lll) 

'The iniued ligand compleues of antirnony(ll1) have been synthesized by the reaction of 
c h I oro d e i I \. at i vc s o f be i i  L i Id i o x  i m a t oan t i m o n  y ( I 1 I ) w i t  h am in o n I tim d i a I k > I 
dithiopliosphates in different stoichiometnc ratios 

Reaction Between Chlorobis (Be~ildioximato)antimonv(ll l)  and Ammonium Salt 
of Diethyl Dithioohosahate in 1: I Molar Ratio. Chlorobis(benzildioximato)antimony- 
( I l l )  ( 1 60 g. 3 I5 minole), and ammonium diethyl dithiophosphate (0 5 1 g, 3.15 minole) 
were niiscd i n  60 nil. dry beiizene in 1 1 molar ratio and stirred with slight heating (45- 
50' C )  iii ail oil bath for about 3-4 hours The precipitated ammonium chloride was 
removed by filtration, followed by removal of the solvent under reduced pressure giving 
the desired product, yield I 42 g 'The yellow solids were fiirther purified by crystalliza- 
tion from I .  I benzene-petroleum ether (40"-60") mixture. 

All the other derivatives of diclilorobenzildioximatoantiinony(l1l~ and monochloro- 
(benzildio~imato)antImony(lll) with the ammoiiium salts of dialkyl dithiophosphoric 
acids were synthesized siinilarly [he physical and analytical data is g \en  i n  the lable 1 
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