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Summary 

The prepaabon of eight bis(pentafluropheny1) compleses of Pd” and of 
Pt” \ath monodentatc and bldentate mtrogen-donor hgands 15 described together 
mth a preparabon of a Pd” comples of 1,2-bls(dlphenylphosphlno)ethane. Some 
properties of the complexes are given. 

New possiblhties for assignment of CIS or truns configuratIon are discussed 
which depend upon the spllttmg or disappearance of certam bands m the IR 
spectra. 

Introduction 

lllost of the known pentafluorophenyl derivahves of palla&um(II) and of 
platmum(II) [l-5] are neutral complexes of the (phosphine), M(C,F,)X and 
(phosphrne), M(C6Fg), types, or are cahonlc compleses[6,7] of the [(phosphmelz 
M(C,F,)LICIO, type. 

There is only one palladlum(I1) derlvatlve and one plahnum(I1) denvatlve 
which do not include phosphme as one of their Ligands [3]: these are [(blpy)Pd- 
(C,F,),] and [(norbomadlene)Pt(C,F,)zl. In addltlon, there 1s a smgle case of a 
platmum( II) complex which contams a dlphosphme as a llgand 
[(Ph,PCH:CH:!PPhz)Pt(C6FS)?] [l]. 

We descnbe here the preparation of new pentafluorophenyl denvatlves of 
pa.Ua&um(iI) and of platmum(I1) bvlth monodentate and bldentate nitrogen 
ligands (py, blpy, phen, en, tmen). Furthermore, the palladmm(I1) complex 
[ (Ph2PCHICH2PPhl)Pd(C,F,),] has been prepared. All these compleses are 
described for the first time m this paper. 

Results and discussion 

(a) Preparation of the complexes 
All the preparations were carried out accordmg to eqn. 1. where M = Pd, 
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L-LMC12 + ~LIC,F~ 4 LrhI(C,F5)z + 2LiCl (1) 

Lr, = 2CjHSN, HzNCH7CHzNH,, l,lO-phenanthrohne, 1,2-bls(&pheny!pbosphino)- 
ethane, or IV, N, iV Af-tetramethylethylene dlamme; and where M = Pt, L? = 
2C5HjN(c~s), 2CjHSN (trans), 2,2’-bipyndme or l,lO-phenanthrolme, respectwely. 

The startmg matenals were prepared accordmg to published methods (see 
Espenmental) and were added to an escess of LlC,F, UI ether solution at -78” 
In the case of the platinum complexes, CHICI was added in order to improve 
the solubihty. Whenever the reaction took place readily at a low temperature, 
which was the case wth al! the platmum complexes, that temperature was 
mamtamed throughout so as to prevent the decomposition of the LiCBF, [8]: 
when the reactlon did not go to complehon at a low temperature, as UI the case 
of the palladwm compleses, the temperature of the mature was allowed to nse 
rapidly In order to obtam !)ure end-products. It IS unportant to follow the In- 
structlons given m the Expenmenta! section closely m order to avoid a substantxl 
decrease In yield or even complete fdure of the reaction. 

The resultmg solutions were evaporated to dryness and the residues were 
extracted wth acetone The complexes were crystallized from the solutions 
by the addition of ethanol or benzene or by coohng to -30” As a consequence 
of that treatment the crystals of some of the platinum complexes contamed 
acetone, as is clearly seen from the IR spectra The acetone can be removed 
either by heahng the product in a drymg-oven to over 120” or by recrystalltzatlon 
from a benzene solution. 

The chlonne m the starting complexes !s completely substituted in al! the 
cases. This is shown by the disappearance of the v(M-C!) bands from the IR 
spectra and by qua!ltahve lests, which show the total absence of Cl In the new 
complexes. 

(b) IR spectra 

Table 1 lists the wbral Ions whwh we have asslgned to &F,. Those near 
1500, 1060 and 950 cm-‘, which are genera!Jy assigned to that group [3,4, 6, 
7,9], appear split or broad This sphttmg has already been observed [ 91 m 
cls-compleves of the XAU(IZ,Fj),PPh, type. 

In addltlon to this, UI Table 1 we assign to the C6FS groups two bands 
near 800 cm-’ which appear more or less supenmposed wth other bands in the 
complexes contxuning phosphmes. This IS probably the reason why they have 
not been assigned before, since most of the known complexes contam phosphlnes. 
These two bands at SO0 cm-’ correspond to a symmetrical wbratlon and are to 
be observed in all the complexes wth two mutual!y CIS C,Fj groups At least 
rn al! the cases which are known to us [ 5-71, they are reduced to a single band 
when there 1s only a single C6FS group, and disappear when the two C,FS groups 
are mutually trans. They may therefore be of use for structural dlagnosfi, but 
this proposal can only be considered as provlslona! untd more experimenta! 
evidence 1s ava_liab!e. 

The presence of the Ilgand L m each comples 1s confumed by the IR spectra; 
this can be clearly deduced from the data m Table 2. 

In the compleses which contan acetone a band 1s observed at 1721 s cm-‘. 
It corresponds to v(C=O) and appears at the same frequency as in the free acetone. 
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TABLE 2 

ABSORPTIONS 4SSfCNED TO THE NEUTRAL LIGWNDS IN (CbFj)+ILz 

1606rr 
1600s 
8425 
845s 

1610s 
1608s 
1607s 
6505 
690m 

3380s 
1125~1 

765s 
763s 

761~~ 
7758 
767sU 
527s 
526s 

3320s 
1012m 

766s” 
757sa 
475m 
475m 

1595s 

697s 
692s 
688s 

Rer. 10 
Ref. 10 
Ref. 11 
Ref. 11 
Ref IO 
Ref 10 
Ref 10 
Ref. 12 
Ref. 12 
Ref 12 
Ref 12 

@ fmns CizM(py).. shows onlv B band at this ran~e.rrs-Cl~h’l(py)~ &arcs t%o bands 

Were the acetone to be coordmated this band should be shifted towards lower 
frequency, so one must conclude that the molecule of acetone IS only fdllling 
holes of the structure. 

(c) Conductro~t~es 
AlI the compIeAes behave as non-conductors II-I nitromethane solution 

(Ahl = 0 to 6 ohm-‘cm’mol-‘ ). 

(d) Magneflc susceptlbrlrtles 
All the complexes are duunagnetic as 1s to be expected for tetracoordrnated 

square planar compleses ol’dS Ions. 

Esperimental 

Conduchvrhes were measured m approx 5 X lo-’ Al soluhons wrth a 
Philips PW 9501/01 condur’hmeter. Meltmg pomts were detennmed ivlth an 
Relchert (Austna) apparatus provrded wtth a microscope wrth polanzator and 
freatmg deuce. IR spectra were recorded on a Beckman IR 20 A spectrophoto- 
meter (over the range of 4000-950 cm-‘) usmg NUJOU mulls between poly- 
ethylene sheets. hlagnetfc susceptrbllrtres were measured wrth a balance con- 
structed m our Department [ 131. C, H and N analyses were made wrth a 
Perkm-Elmer 240 mlcroanalyzer. The analytical results are In reasonable 
agreement wrth the proposed formulae tf the drfficulties which arise from the 
presence of P and F m our samples are taken mto account [I-J]. Ether solutrons 
of pentafluorophenyllithium were prepared “in srtu”, accordmg to ref. 8. 

I Bls(penlafluorophenyi)-2,2’-b~pyrrdrneplatrnum(Ii) 
To a solution of 37 mmo! of LIC,F, m 60 ml of dry ether, m a dry 

N? atmosphere arid at -78” was adlled 1 90 g (4.50 mmol) of fmely powdered 
CZ,Pt(brpy) [ 15). Afterwards 140 ml of dry drchloromethane was added. The 
mixture was stirred during the rught while the temperature was allowed to rrse 
slowly to room temperature. The solutron was evaporated to = 75 ml and 
Ntered. The resultant yellow precrpltate was washed wrth 25 ml of dry CHzClz 
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and extracted wrth 200 ml of warm acetone. The solutron was filtered and 2.9 
g of a yellow compound was obtamed after adding 25 ml of ethanol and evaporat 
mg the acetone. The product was identlfred as (&F,),Pt(bipy)* xCO(CHJ)? (x = 
O-2-0.25). Yreld = 92%. 

Acetone was removed by heatmg (C,FS)ZPt(blpy) - xCO(CH,), at 120’ 
until the weight remarried constant. The final product, I, was identified as 
(C,FS),Pt(bipy); it decomposes at 335” and 1s arr-stable at room temperature. 
It IS soluble m acetone, not very soluble m mtromethane, benzene and ethanol, 
and insoluble m petroleum ether. I\~, = 0.60 ohm-‘cm’mol-‘. (Found. C, 38.38; 
H, 1.05; N, 3.80 Calcd - C, 38.55; H, 1.17; N, 4.08%) 

II Brs(pentafluorophenyl)-1,I O-phenanthrolrneplatrnum(I5) 
To a solution of 40.5 mmol of LiC,Fj in 60 ml of dry ether at -78” was 

added 3.00 g (6.70 mmol) of fmely powdered CllPt(phen) [ 161 and 140 ml of 
dry dlchloromethane. The muture was stured overnight while the tempera- 
ture was allowed to rise slowly to room temperature. Then the solut!on WE 
evaporated to 75 ml and filtered The yellowksh residue was washed with 25 ml 
of dry CHZCll_. 

The residue was extracted wrth 200 ml of warm acetone and filtered. 2.6 g 
of a yellow compound were obkuned after adding 25 ml of ethanol and evaporat- 
ing the acetone. The product was filtered, washed with ethanol and ar-dned. 
It was identified as (C,F5)?Pt(phen) - xCO(CH3)2 (x = 0.75) (yield = 52%) 

Bls( pentafluorophenyl)-I ,lO-pl~enanthrolmeplatlnum( II) wcas obtained 
by heating a sample at 160” till the weight remained constant. Complex II 1s a 
yellow sohd which 1s airstable at room temperature, soluble in acetone, not very 
soluble m rutromethane and dichloromethane, shghtly soluble U-I benzene and 
msoluble m n-hesane and petroleum ether. It decomposes at 335”. /in1 unper- 
ceptible ln nltromethane. (Found: C, 39.19, H, 1.05; N, 3.95. Calcd.. C, 40.63, 
H, 1.13; N, 3.95%) 

To a solul~on of 16 mmol of LiC,Fj m 60 ml of dry ether at -78” was 
added 1.69 g (4.00 mmol) of finely-powdered trans-Cl,Pt(pyjl [ 17) and 30 ml 
of dry dichloromethane. The mixture was stirred overnlght while the 
temperature was allowed to nse slowly to room temperature. Then the sofuiron 
was evaporated to dryness and the residue extracted wrth 200 ml of warm 
acetone and filtered. 

2.50 g of an off-whrte compound was obtamed after adding 25 ml of 
ethanol and evaporatmg the acetone. The product was filtered, washed wrth 
ethanol and air-dried. It was identified as trans-(CaFS),Pt(py)z - xCO(CH& (yield 
= 90%). 

The white complex (C6FS)2Pt(py)I (IlIj was obtaned by recrystalhzmg 
the compound from benzene; it IS a whrte sold, which is au-stable at room 
temperature and decomposes at 265”. It LS soluble m acetone, benzene and 
dichloromethane, not very soluble m ethanol, and resoluble m n-hexane and 
petroleum ether. AM unperceptible m nitromethane. (Found: C, 38.38; H, 1.45; 
N, 4.00. Calcd.: C, 38.44; H, 1.46; N, 4.07%) 
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IV. crs-B~s(pentafluorophenyl)b~s(pyrrd~ne)plat~num(ii) 
To a soluhon of 26 4 mmol of LiC6F5 m 80 ml of ether at. -7s” was added 

2.8 g (6.60 mmol) of finely powdered CK-CI,Pt(py), [171 and 40 ml of dry 
drchloromethane. The rmxture was stured ovemrght while the temperature 
was allowed to nse slowly to room temperature. The soluhon was evaporat- 
ed to dryness and the residue extracted wth 150 ml of acetone and flltered. A 
wiuute product was obtamed after addmg 25 ml of ethanol and evaporating the 
acetone. The product was tdentlfied as a mlvture of IV and a smali quantity of 
HI. 

To separate the isomers the mlsture was treated wth bolllng benzene and 
then allowed to cool, wth the result that only IV crystaIlwed_ AddltlonaJ quantl- 
t7es of IV were obtamed after part~aIly evaporatrng the benzene and succeswe 
ctystall~zations. The last fraction contaned a mLsture of III wth a small amount 
of IV W-ten the nwsture was recrystalhzed from dIethy ether a product, was 
obtauted from the mIddIe A-action for which the structural data, phqslcal con- 
stants and analysis colnclde completely wth those gwen for III (Found. C, 1.06, 
H, 1.52; N, 4.06%) 2.50 g of IV and 0.20 g of III were obtamed. The yield IS 55.1 
for IV and 4.4% for III. 

IV IS a rvhlte sold which IS ar-stable at room temperature and decomposes 
at 230-235”. It IS soluble in acetone and dlchloromethane, not very soluble tn 
benzene. rutromerhane and dIethy ether, scarcely soluble in ethanol, and 
insoluble U-I petroleum ether. ,lhl Impelcephbfe In nitromethane. (Found. C, 
38.04; I-I, 1.31; N, -2.02. C&d.- C, 3S.44, H, 1.46; N, 4.07%) 

V B~s(pentafiuorophenyl;-I, 1 O-phenanthro~lr2epa~lad~rtnz(~~) 
To a solution of 21.6 mmol of LIC,F, m 70 ml of ether at -7s” was slowly 

added 2.45 g of CI,Pd(phen) [IS] The rnmfure was stu-red for 1 h at -7S”, then 
the fIaAi removed from thl? coolrng bath antI the temperature allowed to r-&e 
rapldly whale the mLxsture bvas stlLl stu-red for three hours The ether solutron 
was evaporated to dryness and the residue e Ltracted wth bolhng acetone. V 
crystalhzed after fiitenng 1 he warm acetone solution and coohng to -30’ The 
j?eld can be unproved by cwaporatm, a the solvent and by succeslve crystalhzatlons. 
The white solid was filtered, washed with ethanol and dned In vacua. 2.79 g of 
V was obtamed (yield 70%). V is stable at room temperature. It IS soluble in 
acetone, nitromethane, dwhloromethane and chloroform, scarcely soluble m 
benzene and dlethyl ether, and msoluble m ethanol and water. It decomposes 
at 320” A,, = 0.78 ohm-‘cm’moi-’ m nitromethane (Found C, 45.98; H, 1.82; 
N, -1.12. Calcd.. C, 46.44; H, 1.29, N, 4.51%) 

VI. B~s(pentafluorophenyl)-I,2-brs(drpt~en~lpirosph~rzo)ethanepalladrrtrr~(ii) 
TO a soluhon of 11.8 mmol of LlCbFj in 50 ml of 1.2-bls(dlphenylphosphmo) 

ethane at -7S” was added 2.304 g (4.0 mmol) of C12Pd(PhzPCHzCHzPPhJ [19]. 
The mixture was stwred for one hour at -78”. The flask was then removed from 
the cooling bath and allowed to reach room temperature qwckly. The mxture 
was stirred for three hours The ether was evaporated t-o dryness and the residue 
extracted wth botimg acetone. The warm acetone solution was filtered and 
concentrated to 25 ml. Ethanol was added drop by drop till a white preclprtate 
was observed. The solution was then left standing at -30” overnight and 2.9 g 
(66% yield) of VI crystallized. 
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Complex VI IS a white solid wtuch LS au--stable at room temperature and 
decomposes at 257”. It IS soluble 111 acetone, nltromethane, dlchloromethane and 
chloroform, not very soluble in dlethy! ether and benzene and msoluble in 
ethanol and water. AhI = 0.42 ohm-‘cm’mol-’ (Found C, 52.29: H, 2.93. 
C&d.. C, 54.10; H, 2.S9%.) 

To a solution of 9 mmol of LlC6FS in 50 ml of dry ether at -75” was added 
0.71 g (3 mmo!) of C!:Pd(en) (201 The mL\ture was stlrred at -78’ for one 
hour, removed from the coolmg bath and then stxred for four hours at room 
temperature. After evaporation to dryness, the residue was extracted with 
acetone and hltered The solution was concentrated to a few ml. LIC! was pre- 
cipitated by addmg benzene and filtered off. The benzene solution was evaporat- 
ed to dryness, and VII crystallized after the nddltlon of some drops of &ch!oro- 
methane to the oily residue. It 1s a white solid which 18 ax-stable at room temper- 
ature but decomposes at 238”. It IS soluble m acetone and benzene and not very 
soluble m dlchloromethane. A&, = 5 25 ohm-‘cm’mol-’ (Found C, 33 06. H, 
1.56, N, 5.43. CJcd. C, 33 59; H, 1 61, N, 5 59% ) 

To a solution of 21 mmo! of LIC,F, In 70 ml of dky ether at --‘is” was 
added 2 315 g (7 mmo!) of trarMIIZPd(py)~ [Zl]. The mlkture was stu-red for 
one hour at -78” and then removed from tile coolrng bath It was allowed to 
warm to room temperature and stIrred for four hours The ether was evaporated to 
dq ness and the residue extracted lslth bolhng acetone The acetotle solution 
was filtered and concentrated, and a few ml of ethLuno1 added. The solution 
was left to stand at -30” overnight A white compound crystallized which 
after flltenng and w‘ashlng wan Identified as VIII It IS a white solId which 
IS stable m ax at room temperature but decomposes at 252’. It 1s soluble In 
acetone, mtromethane, dlchloromethane and chloroform. not very soluble III 
dlethy! ether and benzene and !nso!ub!e in ethanol and water ,\,, = 1 13 
ohm-‘cm’mol-‘. (Found. C, 41.24; H, 171, N, -I 59 Ca!cd.. C, 44.13. H, 168, 
N, 4 67%) 

IX Bls(per2tafllcoroptlenyl)-N,N,IV ,N’-tetrarrzethylethyle~~ed~a~rl~~lepallad~~~~n(II) 
To a solution of 11 mmo! of L!C,F, in 70 ml of dry ether dt -78” was 

added 1.17 g (4 mmo!) of C!,Pd(tmenj [ 221, the mL\ture was sturecl at -78” for 
one hour and then removed from the coohng bath. It was then stlrred for 15 h 
at room temperature. The mixture w& evaporated to dryness and the residue 
extracted Lvlth warm acetone. After flltenng the solution was concentrated 
to 2 10 ml; a white solid crystallized which was filtered, washed wrth a small 
quantity of alcohol and dried m vacua. The complex was recrystalhzed from an 
acetone solution on addltlon of water. 1.9 g of IX was obtaned (yield 85%). 

IX IS a ivhlte solid which IS ar-stable at room temperature but decomposes 
at 263O. It is soluble In acetone, dichloromethane, mtromethale and benzene, 
not very soluble in ether, shghtly soluble In ethanol and Insoluble m water. 
AnI = 2 49 ohm-‘cm’mol-‘. (Found: C, 39.15, H, 3.20; N, 4.79. Calcd.: C, 
38 83; H, 3.20; N, 5.03%) 
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