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SyNTBESISOFo-P ~IS<DIM%7ITLSTIBINE> AED 

S0.E DERIVATIVES OF DIVALENT NICKEL. PALIADIUH, 

EBICSHEWCHUKANnSTANLEYBRtlCEWILD* 

DepQHment of fiy~icaz arz ~norgmric ChmriStPy, 

university of Mestern AuStFQ~iQ, Nedzands, 6009, 

The ditertiary distibine a-phenylenebis<divethylstibine) 

fdistibl has been prepared in 9X yield from the reaction betveen sodium 

dimethylstibide and o-bromoiodobenzene in liquid avmonfa- The distibine 

readily forms the square-planar complexes [T(distib)] <vhere PI = Pd or 

Pt and X = Cl.Br.1. or SCN) and the five co-ordinate diamagnetic complex 

[NiCl<distib),]Cl. DV irradiation of solutions of chromium, molybdenum, 

and tungsten hexacarbonyls in tetrahydrofuran vith the Iigand affords the 

expected octahedral complexes [M(m),<distib)] (vhere H = Cr&o, or U). 

A veaker ligand field strength of the ditertiary distlbine compared with 

the analogous ditertiary diarsine is ipdlcated by a comparison of the 

electronic spectra of 
II 

the-Pd and Nil= complexes of both ligands- 
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Introduction 

Since the preparation of o-phenylenebis<dimerl~sfne) by 

Chatt and Harm [l] in 1939 there has been much interest in preparing 

similarchelatingageats [23. The corresponding ditertiary diphosphine 

has been synthesised [3] and some of its metal canplexes described [4]- 

&I- In addition the mixed Group V'S donor atom tiidentatss, for example, 

the amino- [71 and phosphino-arsinas LSl<IV>. the amino- L91 and arsino- 

stibinas Cl0100 and the phosphino- and arsina-stlbiaes [ll](VI) have been 

prepared- We report here full details Cl21 of the synthesis of the 

antimony analogue of the ditertiary diarsine (I) and diphosphine (If), 

namely o-phenylenebis<dXmethylstibine) <III) and some of its metal chelates. 

cn <II) (III) 

(where R = Rkfe 
PEt2> 

2 
or (where R = NUa or 

h&2> 
2 

<where R - PPF2 or - 
AaPh2) 

Results and discussion 

Preparkon of o-phenylenebis(aimetaplstibine)<IIij 



2NafNP3 

He3SbBr2 
A 

-u&r 

L Ue2SbBr 
-NaBr 

-, Na[SbMe21 

a Br / 

I 

2NatSbMe2l/NK, 

SbHe2 
'I 

-NaBr. -NaI 
SbMe, 

The ditertiary distibine(II1) is a yellow air-sensitive liquid 
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(2) 

<3) 

b-p, 124 - 125O C/O.5 mm, which could only be obtained in smsll quantities 

because of the 10~ yield (9%) in the last step (eq. 3). The major product 

of the reaction vss tetrsmethyldistibine h-p. 46 - 47O c/O.5 mm which was 

readily separated by fractional distillation, however, and which apparently 

arose from en oxidative coupling of the anion (eq. 5) 

incomplete formation in the first place (eq. 4) since 

reaction 3 the deep-red colour persisted until almost 

bromoiodobenzeue had been added. 

and not from its 

in the cese of 

all of the o- 

2Me2SbBr 
2Na/NH3 

- 2[Ke2Sb.] -Me SbSbP(e. 
2 2 

<41 

-2NaBr 

Me2SbSbHe2 e 2[Me2Sb]Na <s 

Oxidation<-2Na+.-2e) 

Accordingly the yield of (III) was not improved by iacreasing the 

reaction time. when o-dibromobenzene was used es the aromatic substrate the 

yield of (III) was further reduced <2-5%) and when a reaction between the 

anion and o-dichlorcbeuseue in liquid ammnia wss attempted none of the 

desired product was obtained although the same reaction vith 

the correspoadiug arsenide ion in tetrehydrofuren es solvent affords the 

df.srsine<I) in 44.5X yield [Ul. 

Physical properties of diatib 

In addltiou'to I correct elemental analysis the Ill u.m,t- spectrum 
: 

-of <III)- iu.&~$shoued~a sharp &uglet_at 6 0.98 and a maltiplet at 

&-I',&8 -_7~62.inth.au inteusitv ratio eorrespoudlug to theaethyland 
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[ 1 
+. 

0: : ’ SbMe2 
SW2 

m/e 382 <IS%) 

[Me2Sb-SbMe(H)]+- 

de 292 (20%) 

I 4%' 
t 

m/e 367 (100%) [He2Si=SbMeJ+ 

-cE’ +. 
[ &t-l 

'SbMe 

m/e 291 (50%) 

3 -2 
m/e 352 (59%) 

de 277 (10%) 

m/e 276 (26%) 

1 
I 

[BfeSbSb&i2,J+ 

m/e 337 (302) 

m/e 275 (25%) 

'cB2 

[KeSbSb]+ 

m/e 322 (29%) 

-Schemela 

m/e 261 <51x) 

ISb21+- 
-=3- 

de 246 (25%) 
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m/e 382 (15%) 

m/e 230 (54%) m/e I.53 (82%) 

1 -cH3' 

[HSb = CH,]+- 

m/e 216 (9l%) 
m/e 138 (49X) 

-H' 

CSb(CH2)1+ 

m/e 137 (25%) 

q fe 200 (68Z) 
* 

J -2 +_ [ski]+ 
m/e 123 (54%) 

m/e 199 (53%) 

Scheme lb 

Observed metastable peaks are indicated by an asterisk. 

aromatic protons, respectively. A sample of (III) exhibited a molecular ion 

atm/e 382 (15%) in its mass spectrum at 70 eV. Because of the importance 

of the basic structure the whole spectrum is reproduced in Figure 1 and 

details of the four different fragmentation pathways observed are sunmarised 

in scheme l- For simplicltp only the mass values for the.Sb 123 isotope are 
, 

quoted in Scheme 1. 

.yI__.;_ I. : : ; .<_ Tjwt e specw.of (III) shaved some similarities to the spectrm 
.-. -. :~ -‘,__ .-’ 

.- 
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2LO 280 320 360 LOO 

Figure 1. Diagrain of mass spectrum of o-phenyleaebis 

<dimethylstibine)_ E_ Shewchuk and S-B. Wild, 

Synthesis of o-phenylenebis<dimeehylstibine) 

and some derivatives of divalent nickel, palladium. 

and platinum and of zerovalent chromium, 

molybdenum and tungsten. 

of the arsenic analogue <1)[14]. The salient features arising from a coa+ 

parison of the fragmentation patterns of the two ligtids are <i), the moat 

abundant ion containing a Group VB atan is in both cases [M-C@ (ii]. the 

distibinefragmentstoagreaterdegree thauthediarsineaud <iii) the 

distibine affords ions containing the Sb-Sb linkage (pathway 2) which-are 

absent from the epektnmi of the diaraine. -- 

Comply of Pd" and Pt" _ _-i. 

The di&ib~ne<III) .reaidily -f&&~c&plkx& .of. tbe'typk _IMX.$&Jst~b?~.l.. 
., 

1. :- _. -.:_ 



<where M = Pd or Pt 

[PdCl$distib)] was 

a solution of PdC12 

4th methanol_ The 
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and X = Cl,Br.I, or SCN). The bright yellw complex 

prepared by adding one equivalent of the bidentate to 

dissolved in concentrated hydrochloric acid and diluted 

other derivatives were simply prepared by metatheses 

with the appropriate saltsusing a two-phase CH2C12fH20 solvent system. The 

divalcnt platinum complexes vere obtained similarly from the pale yellow 

[PtC12(distib)] complex which readily precipitated from an aqueous solution 

of R2[PtC14] when a solution of the distibine in ethanol vas added. 

The diamagnetic complexes [M+(distib)] vary in colour from 

pale yellw to orange-red and are non-electrolytes in nitrobenrene solution. 

The square-planar complexes are moderately soluble in organic solvents and 

details of their physical properties and elemental analyses are summarked 

in Table 1. The position of the sharp singlet resonance for the equivalent 

Sb-He groups in each of the complexes occurs 0.64 - 0.90 p.p.m_ dwnfield 

from the same resonance in the free ligand and clearly depends on the 

electronegativity of the group X and its effect on the strength of the 

a-bond betveen the antimony atoms and the platinum metals. 

The infrared spectra of the compounds [N(SCN)2<diatib)] shov a 

sharp singlet v(a) vibration at 2102 and 2100 a~-' for the Pd" and 

pt== compounds respectively.uhichis clearly diagnostic of S-bonded 

thiocyanato ligands- Unfortunately, hwever. the v(CS) absorption could 

not be observed in these complexes because of the strong distibine vibrations 

in the same region although our assignment is consistent with that proposed 

[15] for the bonding in [Pd(SCN)2(diars)) (where diars - I). 

The visible absorption spectrum of a solution of [PdCl2<distib)] 

in dimethylformsmide solution shws three absorption bands which are centred 

at 25090 (E = 2020), 39500 (E > lOOOO), and 36200 an-1 (E > 5000). The 

intense bands are change transfer bands but the weak absorption band may 

be a&g& to the transition 'Al - 1E in accordance vith the analysis 

of the spectra of caoplexes of.this tppe made by Ho et a24161 which is based 

on absorption snd circul&-dichroe etudies. For the compound [PdC12 

~~-:__<&&j <&&&I&_~ - I) iu the ssme solve& this transition is observed 
:. :. .. _- . . I 
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at 27630 cs-' (E = 1830) vhich indicates that the diarsine has the stronger 

ligeud field strength of the two. 

Complexes of Ni=* 

When a solution containing two mole equivalents of distib in 

ethanol was treated with [Ni(H20)6]C12 in the same solvent a deep red 

solution resulted fromvhichred [NiCl(distib)2]Cl could be precipitated 

hy the addition of cyclohexane. The salt is diamagnetic and is a uni- 

univalent electrolyte in nitrobenzene solution and is therefore apparently 

five co-ordinate in this solvent. The electronic spectrum in ethanol or 

uitrobenzene solutions et 300° K shows absorptions et 18300 (E = 700) and 

-1 
23000 cm (E = 200) vhich may be assigned to d-d transitions in the lou- 

spin complex and a strong absorption above 29500 cm-' (E > 5000) which is 

due to charge transfer transitions. The spectrum of the distibine complex 

is very similar to those reported by Preer and Gray1171 for the complexes 

[NiX(diars)2]X (vhere diars = I and X = Cl,Br. or.1) at 300 and 770 K. 

They observed d-d transitions at 21285 (E = 1060) and 25895 an-' (e = 170) 

at 300° K for the complex [NiCl<diare)2]C1 which were assigned to the 

transitions 'Al- 
l 
E and 'Al- lA2, respectively, of a low-spin 

square pyramidal structure. 

The electronic spectrum of [NiCl(distib),]Cl is also similar to 

the one obtained for [NiCl(SP)g]Cl [vhere SP = (o-methylthiophenyl) 

diphenylphosphine][18]. A square pyramidal structure vas also suggested 

for CNiC1<Sb-As)2]C1 (vhere Sb-As = o-dimethylarsinophenyldimethylstibine 

[lo] or o-diphenylarsinophenyldiphenylstibinejll]) using similar arguments. 

II 
Again, as found in the cese of square-planar Pd complexes, tbeligand 

field strength of (III) ia veaker than that of (I). 

Complexes of Cr",Hoo and W" 

The W irradiation of equimolar quantities of (III) vith chromim. 

molybdenum, or tung5tea hexacarbonyl affords the octahedral tetracarbonyls 

[~CcO)4<distib)l (where-I¶ = Cr,PIo. or W) and details of their physical 

properties aa% given in Table 2. 
I 
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The % n.m.r. spectra of these complexes shoved a singlet 

Sb-CR3 resonance which was indicative of the distib behaving as a chelating 

ligand. The downfield shift of the Sb-Ma resonance upon co-ordination of 

the distib to the zerovalent Group VI B metals was considerably less than 

that observed in the complexes of divalent palladium and platinum. lhis 

observation may be rationalised in terms of an increased electron density 

on the antimony atoms in the zerovalent complexes. 
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The infrared spectra of the complexes in solution in the v<CO) 

region are consistent with octahedral stmctures of C 2V symmetry for which 

four infrared active stretching vibrations (T+Bl+B2) are expected. The 

infrared spectra of the complexes are very similar to those observed for 

[tf(CO)4(diars)] <where M = Cr.*, or U)[i9]. 

Experimental 

All reactions were carried out in an atmosphere of pure nitrogen 

using the Schlenk technique. Solvents were dried in the usual way and 

degassed by distillation through a stream of pure nitrogen- 

Xicroanalyses were carried out by the Australian Microanalytical 

Service, lfelboume and by Alfred Bemhardt, Max Planck Institute, l4iieim, 

Germany. The 1H n-m-r. spectra vere recorded at 60 HHz (35O C) using a 

Varian A-60 spectrometer and chemical shifts are quoted relative to 

tetramethylsilane as internal standard_ The electronic spectra were 

recorded on solutions in matched I. cm quartz cells at 27O C using Unicam 

SP700 recording and Hitachi Perkin-Elmer 139 spectrophotometera. The mass 

spectra were determined at 70 eV using a Varian XAT CHRq mass spectrometer. 

The conductivity measurements were made with a Phillips Bridge (PR 9500) 

and the magnetic susceptibilities uere determined at 25OC by the Faraday 

method using silver shot for calibration. 

The method of Morgan and Davies (ZO] vas used to prepare Zk2SbBr 

al-ghth;de compo&tion of -the Ma3SbBr2 was~carried out at I.5 =. 

Litera~~&thods vem~aIso kaed to* prepare o-bromoiodobenzenej21] and 

-: -. -.~rti~~~~~h~l~~~s<~~l~~e)J~~~<II)f22]. 
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~Phenylenebis<dimethylstibine),<III). The addition of small 

sodium pieces (4.27 g. 186 uxnol) to a stirred suspension of Me2SbBr (21.3 g, 

93-l) in liquid ammonia <4flO cm3. distZlledoffNa) produced a deep red 

solution of sodium dimethylstibide. The solution of the anion was stirred 

for lh and then treated dropwise with o-bromoiodobenrene CU.55 g, 42.3 -1) 

vhich almost decolourised the solution. The ammonia was allowed to slowly 

boil off <ca 3.5 h) and tetrahydrofuran (400 aa3> was added to the-almost 

colourless residue. The mixture, uhich consisted of a yellow solution and 

a greyish-vhite solid, was reflexed for 2.5 h and then stirred for 16 h at 

25O C. The tetrahydrofuran was removed under reduced pressure and replaced 

by diethyl ether (400 (m3) and the reaction mixture cautiously bydrolysed 

tith water (200 aa3>. Separation of the two layers followed by drying 

.the organic layer (EQ.SO4). filtration, and removal of the solvent left 

yellow liquid which was fractionally distilled to yield a low boiling 

fraction b-p. 46 - 47O C/O.5 mm (tetramethyldistibine. 8.5 g, 602) and 

viscousyellatresidue. The high boillug fraction was distilled twice 

of 

a 

a 

to 

give pure o-phenylenebis(dimethylstibine) as a yellow air-sensitive liquid 

b-p. 124-125O CI0.5 mm cl.4 g. 9%) (Found: C. 31.5; D, 4.2; Sb, 64.0. 

Calcd. for C101i16Sb2: C. 31.6; H, 4.25; Sb, 64-l%). 

Dichloro(o-phenylenebis(dimethylstibine)]palladirrm(II). Palladous 

chloride(0.07 g,O.4 -1) was dissolved in concentrated hydrochloric acid 

(1 an3) and the solution diluted with methanol Cl0 cm3): treatment of '&is 

solution with distC& (0.15 g, 0.4 mmol) in ethanol (10 aa3) resulted in a 

yellow solution which when concentrated deposited the bright yellow comp&%r 

(0.18 g). 

The complexes [PdX,<distib)] (where X = Br.1. or SCM. 

These derivatives were prepared by Ming a solution of 

[PdCl,<disf+b)] in dkhloromethane with a six fold excess of an aqueous 

solution of Nz@r..NsI, or KSe, respectively. .After shaking the m%xture 

for 10 min the organic &+yer was-separated, dried over_l@34. filtered __* 

and evaporated toldqpess_~g yield the crude crystall+ne_cc+exes.~_ _. _. 
.-. _. :. 
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Dissolution of these in a small quantity of dicbloromethane followed by 

dropwise addition of cyclohexane afforded the pure complexes as 

crystalline solids after drying in TJCZC-s.o. 

The yields, analytical data, and physical properties of these 

complexes are summarised in Table 1. 

Di~loro[o-phenylenebis(dimethylstibine)]platinum(II). A solution 

of K2[PtC1 3 
4 
]<0.18 g, 0.45 mmol) in vater (10 cm ) was added dropvise to 

dtitib (0.17 g- O-45 mnol) in ethanol causing the precipitation of the pale 

yellow product which was filtered off and dried in vacm CO.15 g)_ 

The complexes [PtX2(distib)] (where X = Br,I, or SCN). 

These vere prepared in the same way as described for their 

palladium analogues and details of yields and properties are given in 

Table 1_ 

Chlorobis[o-phenylenebis(dimethylstibine)]nickel (II) chloride. 

A deep red solution formed immediately when [Ni<H20)6]C12 

(0.02 g. 0.1 mmol) in ethanol (10 cm3) was added to distib (0.08 g, 

0-U -01) in the same solvent (30 cm3). The reaction mixture vas 

stirred for 10 mins, concentrated to ca. 5 cm3, and carefully diluted 

with cyclohexane to yield a deep red solid which vas colleected and then dried 

in zkzcw (25O C), m-p. z- 250° C CO.04 g, 45%) (Found: C, 26.5, H. 3.7, 

Calcd. for C20H32C12Sb4Ni; C. 2710; H, 3.6X), neff = 0.0 B-U. (30° C). 

Conductivity:.258 cm* ohm-' moi' (lo-%! in PhN02). 

Tetracarbonylo-phenylenebis<dimethylstibine)] chrodum<O)_ A 

solution of C&O), (0.05 g, 0.23 mmolj in tetrabydrofuran (30 cm3> 

containing distib (O-09 g, 0.24 nmol) was irradiated with W light for 

2-5 h by vhich time the evolution of CO had ceased. The solvent was 

removed from the yellcm solution and the residue recrystallised from 

dichloromethsne by the addition of n-hexane to afford the product 

<O-OS g. 32%) <Found: C, 30.5; Ii . 2.7; Calcd. for C14H1604Sb2Cr: C. 

30:9; q 3.m. PhysXcal details are given in Table 2. 

: 
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Tetracarbonyl[o-phe~lenebis(dimethylstib~ne)]molybdenum(O). 

PromRo(~)6 (0.05 g, 0.2 -01) and distib CO_08 g. 0-2lmmol) as 

described above (0.05 g, 43%)'<Found: C. 28.3; 8, 2.6. Calcd. for 

c14R1604Sb2~' C. 28.6; El. 2.75%). 

Tetracarbonyl[o-phenylenebis(dimethylstibin~~tuagsteu CO). 

IQ the same W<cO), (0.09 g, 0.26 mnol) and distib (O.lOg, 0.27 smol) 

afforded the p&t (0.06 g, 34X) (Found: C, 24-7; H, 2,3- Calcd. for 

C14H1604Sb2w: c, 24.9; a, 2-M). 

E.S. is grateful for the award of a Cmaomealth Postgraduate 

Scholarship during the tenure of which this work was carried out. 
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