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Eighteerl complexes of pallodium salt,s and the 
hidentate chelatirlg ligands cis-1,2-his(dipheriylpho.c- 
phino)eth)Yene (vPP)> cis-1,2-his(diphan~l~tr.sino)- 
ethylene (vaa), cis-I-diphenylarsino-2-diphenylphos- 
phinoethylene (vasp), and 9,l O-his (diphenylpho.,- 
phino)phenanthrene (dpph) have been prepared and 
studied by infrared and electronic spectroscopic 
techniques. The thiocyrrnate complexes are formulated 
Pd(vppJ(SCNJ L, Pd(~wa)(SCN)x~ Pd(vasp) (SCN) a 
and Pd(dpph)(NCS)(SCN), and the possible factor:\ 
promoting the different types of coordination are di,c- 
wsed. 

Introduction 

Pall:~dium(II) salts form vel-y stable complexes with 
tertiary phosphines :md arsines.2 Among the bidentate 
group VB chelates coordinated to pall:rdium(II) ;Ire: 
1.3~bis(diphenylphosphino)ethane (dpe) and I .7- 
bis(diphenylarsino)ethane,3.4 cis- and rrans-I .2-his- 
(dimethylal-sino)ethylene,” o-phenylenebis(dimethyl- 
arsine).6 1.X-bis(dimethylarsino)naphthalene,’ (o- 
diphenylphosphinophenyl)diphenylarsine (:~p),~.~ and 
o-phenylenebis(diphenylal-\ine).”’ P:rt-ticulal- interest 
hzts centred upon the mode of coordination of the 
;rmbidentate thiocy;m;lte lignnd in pallndium(I1) com- 
plexes following the synthesis and inter-convel-sion of 
Pd(AsPh,),(SCN), zrnd Pd(AsPh,),(NCS), by Bur- 
meister and Basolo.” More recently Meek et al.9.‘2 
have prepared pall;rdium(lI) thiocyanate complexes of 
~1 range of bidentate chelates with two different donol 

atoms and with differing chelate chain lengths, :md 
have examined the effect of these upon the mode of 
thiocyanate coordination. There appeal-s to be growing 
interest in the coordination chemistry of bidentate 
ligands containing unusual carbon chain lengths.13.14 

We have been interested in Llmbidentate thiocyanate 
coordination for some time’,“.” and halve pointed out 
that the emphasis placed by workers in electronic 
___-- 

* Address enquiries to this author. 

explanations such ;I\ :rntisymbiosis’6,‘7 or stereochem- 
ical explan;itions” to justify M-NCS vs. M-SCN coor- 
dination is only partially correct. 21s both factors un- 
doubtedly ;Irc importimt. 

Here wc M ish to report the reactions of palladium( II) 
s;llts with the lig;lnds ci,-I.?-bis(diphenylphosphino)- 
ethylene (vpp: I. E = E’ = P). cis-I.?-bis(diphenyl- 
arsino)ethqlcnc (\;I;~; I. E = E’ = As), ci\-l-di- 

phenyl:lrsino-?-diphenylphosphinoethylcne (vasp; I, 
E = P. E’ = As), :rnd 9,lO-bis(diphenylphosphino)- 

phenanthrene (dpph. II). A preliminary report of the 
form;ltion of Pd(vpp)(SCN)z hers already been publish- 
ed.’ 
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Experimental 

The ligands were pi-epzred by established meth- 

The CornpleA-es 
[PdLXJ (L = vpp, vaa, vasp, dpph; X = Cl, Br, I). 
An ethnnolic solution (20 ml) of Na,PdCI, (0.54 g, 

2.00 mmol) W;IS added to the ligand (2.0 mmol) in 

licetone (30 ml). A yellow, solution wars formed which 
was then stirred for half an hour. The solution was then 
taken to dryness on a rotatory evaporator to leave a 
pale yellow residue which was then recrystallised from 
CH,CI,/EtOH. The bl-omide and iodide derivatives were 
synthesised by reacting ;I five-fold excess of NaBr or 
NaI with the PDLCI, reaction mixture, followed by fil- 
tration ;md recrystallisation from CH,CI,/EtOH. 

Yields 90%. 

[Pd(vpp),]X, (X = Br, NCS). 
A filtered solution of [PdX4]‘-(2.0 mmol) in n-hutanol 

was added to vpp (1.4 g, 4.0 mmol) in acetone. A 
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Figure I. ElectI-onic \pectl-:I ot [PdLI,] complete\ in dichloroethanc 

TAI3L.E I. Analytical Data and Some Ph?\ical Propertie\ of the Palladium(l1) Complexe\ 

Compound ColoLlr Dec. Pt. 

(: (‘) 

‘I 
n \I’ % Carbon % Hydrogen 

(‘ale. Fd. Calc. Fd 

Pd(~pp)W White 

[W\ pp)R~-,l Yelkn+ 

[Pd(vpp)Iz] Orange-yello\% 

[ Pd( vpp)(SCN),]” Pink 

F'd(\ppLlHr, Pale \r’ellou 

FW\pp),l(CNS), Pale Yello\h 

[Pd(\aa)CI,] Yell~,u 

[ Pd(vaa)Br,] YelloM 

[Pd(vaa)I,] fled 

(Pd(vaa)(S(‘N)2]’ YellOU 
[Pd(vasp)Cl,] Pale Yellow 

[Pd(\a\p)Ur,] Yello\h 

[Pd(vasp)I,] Orange 

[Pd(va\p)( SCN)J’ Yello\\ 

[Pd(dpph)CI,] Hz0 Oran&v 

[Pd(dpph)Hr,] Yellow 

lWdpph)~,l~H,~ 
[Pd(dpph)(NCS),.H;O’ 

<>I-ange-brown 

Yellou 
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300 
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760 

10s 

770 
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7x0 

240 
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230 
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273 
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13.5 

0 

0 

0 
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176 

0 

0 

0 

3 
0 

0 

0 

0 

4.5 

IO.5 

” For - l(J-‘M wlution in nitromethane at 22’ C (cm’ ohm-’ mol-I). Nitrogen anaiyws: h talc. 3.jV. fd. 4.4c;: 

‘caic. j.c)~~.fd.J.l~:“calc. 4.2%. fd. 3.I%;‘calc. 3.hr;r.fd. 3.9%. 
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pale yellow solution formed and a precipitate formed 
shortly afterwards. The reaction mixture was magneti- 
~1111 stirred for an additional one hour and the precip- 
itate was collected on a filter, washed with ethanol. 
ether, and then recrystallised from CH,CI,/EtOH. 
Yields 70-80%‘. For X = NCS, an alternative method 
is to warm an n-hutanol solution of [Pd(vpp)(NCS),] 
to 60” C, which yields the desired bis-vpp complex. 

TABLE II. Electronic Spectral Data of Pulladium(Il) Com- 

plexes. 

Compound E,,, Solution” 

cm-’ (E,,,) 

[PdL(CNS),]* (L = vpp, VNU, vusp, dpph). 
An n-butanol solution (20 ml) [Pd(SCN),‘- (7.0 

mmol) was added dropwise to a solution of the appro- 
priate ligand (2.0 mmol) in n-hutanol (30 ml). The 
red colour of the [Pd(SCN),]‘- was soon dkcharged 
and the desired complex precipitated. The solid was 
collected. washed with ethanol and ether. and I-ecqs- 
tallised from CH,CI,/EtOH. 

[Pd(vPP)Cbl 

[Pd(\pp)BrJ 

[Pd(bpp)l,l 

[Pd(Lpp)(SCN),l 

[Pd(vp)zlBr, 

22,SOO(sh) 

24.700 

[Pd(w)CI,] 

29,600( 10,050) 

2X.000( 7.1 O(I) 

-3 1 .OOO( sh) 

37,000(34.900) 

24.400( h.300) 

29,SOO(\h) 

34.500(29,100) 

2O,SOO(c). 100) 

3 l.SOO( 16,700) 

37.SOO(sh) 

20.000 

27.200 

(c) 

27,500~3.~00) 

37,000( 15.400) 

25,500 

Phyicrrl Metrsuremen I.5 
[Pd(\aa)Br,] 

[Pd(\aa)l,] 

35.x00~3.800) ’ 

35,500(21,800) 

22.700(5,700) 

33,000(28,500) 

25.300 

Melting point\, conductivity measurements. and 
infrared and electronic spectra were obtained as pi-e- 
viously dacribed.” The Ram\:rq method’* was used 
to calculate I~(C=N) integrated absorption\. [ Pd(\aa)(SCN),] 

[ Pd(va\p)Clz] 

24.500(3,300) 

32,000(38.500l 

Results and Discussion 

2x.200(4,800)’ 

37.800(22.h00) 

?O.OOO(ah) 

23.300 

?S,hW(\h) 

23,3OO(sh) 

25.500 

2s.soo 

[Pd(\asp)Br,] 26,200i4,300) 

29,SOO(sh) 

.35.‘)00(24,300) 

[ Pd( \.iw)12] 33, I OO( 3.800) 

.33,501)( 19,hOO) 

[Pd(;a\p)(.SCN),] 2S,SOO(\h) 

37~SOO( 12,600) 

[Pd(dpph)CI,] 2H.010(3.190) 

[Pd(dpph)Br-,] 27,300(9.hOO) 

3 I ,3OO(sh) 

[Pd(dpph)I,l 23.500(6.x90) 

.32,600( sh) 

[Pd(dpph)(NCS),(SCN)] 32.400(X.X00) 

3X.400( 36, I ho) 

25,400 

The complexe\ kolated are listed in Table I. All of 
the complexes arc of type [Pdl_XJ or [PdL2]X,. The 
[PdLXJ (X = C1. BI-. I; L = vpp. viiii. rasp) are all non- 
electrolyte\ in IO-’ M nitromethane but the [Pd 
(dpph)X,] \how some evidence of \lipht dissociation in 
this solvent. The elect]-onic spectra :IIW listed in Table II. 
and the \pcctl-;I in both the solid state and in dichlol-o- 
methane are con\i\tcnt \\ith a planar structure. Figul-e I 
illustrates the [PdL12] spectra. re4ution of the IOM 
energ) “&rl”’ (a hich indic:rte ;I ligand field \trenpth 
\‘pp > \‘asp > L aa. as expected) and the charge-tl-:jnsfel 
band\ in the i.~.OOO-.~5.000 cnl-’ t-egion (assigned to 
met&gl-oup VR donor charge transfer) is good. 

23,800 

26.200 

28,300 

27,800 

2 1 .OOO( sh) 

26.600 

24.600 

27.SOO(sh) 

It is interesting to note that the vinyl ligand\ u\ed 
in thk stud! did not give rise to Magnu+type com- 
plexes with palladium(II) salts. unlihe their analogou\ 
I.?-dimethblene’ or o -phenylene’. “’ counterparts. 
Attempts to pi-epare pentacoordinate [Pd(vpp)2X]X 
nere unsuccasful although the planar [Pd(vpp),]Xz 
(X = Dr. NCS) uere obtamed. The electronic spectra 
of the 2:1 complexe\ in both the solid state and W~U- 
tion (Table II) are conG\tent with ;I planar PdP,*+ 
chl-omophore and the conductkit) values in 10e3 %J 
nitromethane (,I M = 16 1 (131.). 170 (NCS) ohm-’ cm* 
M-l) \upport this formulation in solution. Moreover. 
the infrared spectrum of [Pd(vpp),](NCS), in Nujol 
mu11 exhibits lj(CN) at 2050 cm-’ which i\ indicative 

,’ Measured in dichloromcthane. ” Solid reflectance. ’ No resolv- 

ed hand\ in visible Iregion. 

of ionic thiocvanate groups.27 The ability of vpp to 
promote a\soLiation of the halide ions in [PdL2]X, in 
solution appears to be about the same as that of dpe” 
but less than that of o-phenylenebis(diphenylphos- 
phine).‘4 

* In this \tud! CNS k wed to devzrihe coordinated thiocyanate 

when the mode of attachment to the metal ion i\ not yxxified. 

Considerable interest surrounds the mode of thio- 
cyanate coordination to paHndium(I1). especially a\ it 
varies with other ligands praent. The infrared spectra 
of [PdL(CNS),] (L = vpp, VXI. vasp) in the solid state 
(Table III) exhibit sharp Y(CN) ahsorptions chal-ac- 
teristic of S-bonded thiocynnate gl-oups. and although 
the position of the v(CN) vibl-ation as a means of 
determining the mode of thiocyanate coordination has 
been criticised the identification of more reliable ab- 



unclear. the most likel) possibilit! i\ th:,t ;I lowr enet-21 

&sol-ption in the thioccanatc complc\ i\ obvzurcd I,\ 

the tail of the 32.100 cm-’ hand. Gnce the po\Ghilit!, 

of N.S + N,N i\omcl-im appears to be ruled out b\ 

the lack of change in the infrared xpectrum. 

These results are pal-ticularl! intcre\ting when corn-- 

pared with the 1 Jdimethylene and o-phen! lene hack- 

bone ligands.‘. I”. ” Thu\. whilst dpc form\ [I’d 

(dpe)( NCS)( SCN)]” :md o-C,H,( PPhJ2 (PP) 
forms [Pd(pp)(NCS)(YCN)]. 74 \pp form\ onl! [Pd 

(vpp)(SCh’)2]. X-ra) cr\\tallogr~rphic s(udies”.” 011 

the dpc ample\ wcrc interpreted ;I\ \ho\ving that S,S 

coordin;ttion was not po\Gble in thi\ complex on stei-ic 

ground\: more 4pecificall!. that interaction beta ren 

tno non-linear Pd-SCN linkage3 and the phcq I youps 

on the phosphorus al-e prohibitive. The lea \tcrically 

demanding fi.S cool-dination i\ po4ble. howc\,er. In 

the \pp complc\ the +ortcr >c‘=C< backbone 

(- 1 ..73 A. q#: -CHZCHL- in dpc = I .5S A) will pull ihe 

phen!l gl-oups I~ack from the metal and decrease the 

interaction with the CNS Iigands. hence S.S coordination 

become\ 5tericall! posGble. The sxiie argument\ can 

be applied to the 1 a;~ and \ a\p ciist3. and in addition 

the lai-~u ai-wnic atom\ will alw decl-ea\e the stcric 

intei-actions.’ Eqtiall!. on Geric grounds alone. if S.S 

coordination is poGhle then the less stcricall~ dcmand- 

ing h‘.S and &.N linkage\ al-c also po\siblc - hcncc. 

the actual occuri-ence of S.S bonding Mould appear to 

bc the rc\ult ot an clcctronic preterence 4ncc no \tcric 

constraint\ ~1~171) for an! of the thl-ee poGhlc linhage 

arl-;lngements. The ‘l‘urcc~ and Pecile”’ ~~pp~-oach 

predict\ that N-bonding should he incl-caingly fa- 

lvourcd ;I\ the rr-acccptol- ability of the other ligands 

inci-ea\c\. which i\ inconG\tcnt with the data reported 

here \incc the lig;lnd\ with the \inyI hackhonc arc hc- 

lieved to he better rr-~ccptor~ than the alkane an:\- 

loguc\.‘H~ ?‘) Thus. we emphaGe again that the mode 

of thioqanate coordination in complexes of thi\ type is 

frequently determined by a mix of subtle factors. and 

attempts to explain the known fact\ in terms of only 

\teric oi- only electronic factoi-s we unlikely to be \LIC- 

CC\\fUl. 

The [Pd(dpph)(NCS)(SCI%)] complex can be com- 

paI-ed with the analogous\ [Pd(pp)(xCS)(SCN)].‘” 

The electronic spectra of corresponding complexes at-e 

very Gmilar. which would appear to \how that the pre- 

sence of two extra fused benzene Iring\ in the dpph 

ligand mahcs little differ-ence to the donor propel-ties 

of the pho\phol-u\. 

TABI_E III. Infl-al-ed Spectral Data in the v(CN) Region of 

the Palladium(ll) Thiocyanate Complexe>. 

Compound Nujol Dichloro- A x 104 

Mull methane cm-2 M-i ‘I 

[Pd(vpp)(SCN)J 2 105s 31 IO I .9 

[Pd(can)(SCN)2] z I IO\ 2115 2.1 
2oxov\\ 

[Pd(\a\p)(SCN),] 7 I I (I\ 71 IS 7 .q 
2oxovu 

[Pd(dpph)(SCS)(SCN)] 7 llO\h 2 I I5 

2oxst1r 20x0 

sorption\ \uch ;I\ v(G) or b(NCS) i\ difficult due to 

the pre\cncc of \tl-ong ligand abwrption\ in the wme 

area ol the spectrum. 

The [fV( \ pp)( SCN)>] compl c\ retain\ thir \tructure 

on dissolution in dichlorometharIc. hut in thi\ w1\ cnt 

both the \ aa and \ a\p analogue\ e\hihit additional veq 

\\eak ~(c‘h’) at - 7080 a-‘. sho\\ing that 21 mall dcgrcc 

of i\omcri\ation to the N-bonded i\omel- occur\. Thi\ 

behaviour ij not unexpccrcd as dichloromcthane 

helong\ to the “gi-OLIN 13 \ol\ent\“ li\tcd b\ Bur- 

meister PI rrl. \\hich promote N-lwnding.‘” How\er, 

on evaporation of thae wlutions and rccr!~talli~~rtion 

fl-om ;I number ot \olvcnt\ onlv the S-bonded specie\ 

~4 t3i.e obtained. hlorco\~er. no -i\omcri5ition \VII\ 01~ 

served on heating the solid\ and thu\ we conclude that 

the [ PdL(S(‘N)J (L = \‘pp. \a;~. \ a\p) ;II’C the ther- 

modvnamicall\ \tahlc torni\. The electronic solution 

spectra of the PdlXz complc\c\ (Table II) which can 

be interpi-eted to c\hibit ;I ycctrochemical \cric\ CI > 

Br > C&S > I arc ;11w conG\tcnt v.ith S-bonded thio- 

cyanate gl-oups. \ince Mcch it (II.’ shoued that [PdL 

(NCS)J complexe\ should e\hibic :I NCS > Cl > 

Br > I and [PdL(NCS)(SCh’)] should exhibit ;I C1 2 

CNS > Br > I series. 

In contrast. the mull infrared \pcctrum of (Pd 

(dpph)(NCS)(SCN)] exhibit\ one hr0x1 v(CN) ab- 

sorption at 2()X5 cm-’ as,ignable to the Pd-NCS 

grouping and ;I sharp abswption at 2 I20 cm-’ a\\ignahle 

to the Pd&SCh’ grouping. There is ;11\o ;I LJ(CS) ah- 

sorption at X35 cm-’ a\Ggn;lhle to the P&KC’S 

linkage.‘” The complcs i\ poorly wluhle in dichlwo- 

methane in which it exhibits v(CN) bands at 2 1 15. 
3080 cm-‘. but due to the IOU’ soluhility integrated 

intensity measurements al-e prohahlq unreliable. The 

low-energy electronic rcflectancc spectral ahwrption\ 

(Table II) shift to lower ener-gy in the order CI > 

CNS > Br > I. consistent with the N.S fol-mulation, 

but in solution the thioqannte complex shows no 

distinct maxima < .31.300 cm-‘. whilst the (Pd(dpph) 

Cl,] exhibits E,,, = 78,010 cm-‘. The reason for 

this apparent rever4 of the spcctl-ochemical series is 
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