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yielding 3.4 g (79y0) of white solid which was recrystallized from 
toluene. 

Hydrotris(3 ,S-dimethyl- 1-pyrazo1yl)borato (1,5-~yclooctadiene)- 
rhodium(I).-A mixture of 5 mmol (as monomer) of 1,5-cyclo- 
octadienerhodium(1) chloride and 5 mmol of potassium hydrotris- 
(3,5-dimethyl-l-pyrazolyl)borate was stirred overnight in 20 ml 
of DMF at room temperature. The resulting mixture was 
stirred with 200 ml of water and the product was extracted with 
methylene chloride. The extracts were chromatographed on 
alumina. Stripping of the eluate gave orange crystals, mp 188- 
190", in 8673 yield. Anal. Calcd for C23H2dBSsRh: C, 54.3; 
H ,  6.69; N ,  16.5. Found: C,  54.6; H ,  6.93; N, 16.5. Ir: 
BH a t  2500 cm-l. s 4.20, broad peak 5.83, s 7.66, s 

Its  properties are listed in Table I .  

Nmr: 

7.87, and broad featureless multiplet at 7 6.i-8.5 in the correct 
3 :4 : 9 :9  : 8 ratio. 

The similarly prepared HB(3,5-(CHa)~pz)3Rh(Co)~ had sharp 
singlets at 7 6.21, 7.60, and 7.66 in a 1.1.3 ratio. 

Di-p-chloro-bis (N,N-diethylbenzylamine-2- C, X)dipalladium- 
(II).-This material was prepared by a procedure similar to the 
published onezg and was obtained after purification by chro- 
matography in 72Oj, yield as ayellow solid, mp 172-173'. Anal. 
Calcd for C22H&2N2Pd2: C, 43.5; H ,  5.27; K ,  4.62. Found: 
C,43.5; H ,  5.39; K,4.85. 

(29) A.  C. Cope and E. C. Friedrich, J .  Amei.  Chem. Soc., 90, 'do9 (1968). 
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Reaction of C7H8PtC12 with CF3SAg in dichloromethane soluticn results in the replacement of both chlorine atoms with CFBS 
groups to give white crystalline C7HsPt(SCFa)z. However, the analogous reaction of C7HsPdC12 with CF3SAg results in 
addition of CF3S groups to the norbornadiene ligand to give the two yellow crystalline products [(C7H8SCF8)I'd]2C12 and 
[(C5HsSCF3)Pd]2(C1)(SCFa) shown by their proton nmr spectra to be novel nortricyclyl derivatives. Reaction of the tetra- 
phenylcyclobutadiene complex [ (CaHs)aCPdBr~]2 with CFZSAg in dichloromethane solution gives golden red (CeHj)4C4Pd- 
(SCF3)2 formulated as a monomeric 16-electron tetraphenylcyclobutadiene complex. However, reaction of (C6Ha)4C4Co- 
(C0)zCl with CF3SAg gives the dark red binuclear complex [(C,H,),C,Co(CO)SCF,]2. The structures of these new c a m  
pounds are discussed 

Introduction 
The previous paper of this series' reported the prep- 

aration of several trifluoromethylthio derivatives of 
metal carbonyls and cyclopentadienyls by reactions of 
the silver salt CFsSAg with various metal halide deriva- 
tives containing carbonyl and/or cyclopentadienyl 
groups. This paper describes the extension of CF3- 
SAg reactions of this type to  metal halides with olefinic 
ligands. This work resulted in the preparation of the 
first compounds with two terminal CF3S groups at- 
tached to a single metal atom (z.e., (C&),C4Pd(SC- 
F 3 ) 2  (1) and C7H*Pt(SCF3)2 (IT)) as well as novel nortri- 
cyclyl derivatives of the type [ (C7HsSCF3)PdI2XY 
(111: X = Y = C1; X = C1, Y = CF3S) where a 
CF3S group had added to the organic ligand. 

Experimental Section 
Microanalyses (Table I )  wcre performed by Pascher Mikro- 

analytisches Laboratorium, Bonn, Germany. Melting points 
were taken in capillaries and are uncorrected. A nitrogen at- 
mosphere was routinely provided for the following operations: 
(a) carrying out reactions; (b) admitting to evacuated vessels. 
The starting materials CF3SAg,3 C7H8MC12 (CiHs = norbornadi- 
me;  R/I = Pd,4 Pt5), [(CsH,,)rPdBr~l~,e and (C&i)4C~Co(CO)zC17 

(1) Part  XIII :  K .  B. King and N.  Welcman, I n o v g .  Chem., 8 ,  2540 
(1969). 

(2) Postdoctoral Kesearch Associate, 1968-1970. 
(3) H. J. Emeleus and D. E. McDuffie, J .  Chem. Soc., 2597 (1961). 
(4) K. A. Alexander, N. C. Baenziger, C. Carpenter, and J. K. Doyle, 

J .  Am??. Chem. Soc., 82, 535 (1960). 
( 5 )  E.  W. Abel, M. A. Bennett, and G. Wilkinson, J .  Chem. Soc., 31 i8  

(1969). 
(6) A.  T. Blomquist and P. M .  Maitlis, J. Arne?. Chem. Soc., 84, 2329 

(1962). 
(7) A. Efraty and P. M. Maitlis, ib id . ,  89, 5744 (1967). 

/Y 
CF,S SCF, 

I1 

Y f I  

I11 
were prepared according to the cited published procedures. 

Reaction of C7H8PtCI2 with CF?SAg.--A mixture of 1.9 g (5.5 
mmol) of C7HsPtC12, 2.3 g (11 mmol) of CFaSAg, and 100 ml of 
dichloromethane was stirred at room temperature for 72 hr. 
Solvent was removed from the filtered reaction mixture a t  25' (35 
mm). The dry residue was crystallized from a mixture of di- 
chloromethane and hexane to give 2.2 g (817, yield) of white 
C7H8Pt(SCF3)2. The analytical sample, mp 145-146', was ob- 
tained by recrystallization from hot cyclohexane. 

Reaction of C7H8PdCI2 with CF3SAg.--A mixture of 1.0 g 
(3.7 mmol) of C7H8PdC12, 1.0 g (4.8 mmol) of CFaSAg, 100 ml of 
dichloromethane, and 40 ml of acetone was stirred for 24 hr a t  
room temperature. Solvent was removed from the filtered re- 
action mixtures a t  -25' (35 mm). The residue was extracted 
with -250 ml of hot hexane. Upon keeping a t  room tempera- 
ture for 2 days the filtered hexane extracts deposited 0.07 g (:.6% 
yield) of yellow crystalline [(C7HsSCF3)PdC1] 2 ,  mp 169-170 . 



Ircorganic Chemistry, Vol. 10, No. 7 ,  1971 1377 TRIFLUOROMETHYLTHIO COMPLEXES 

$4 E- 

a 
V 

3 

m 
3 

'9 
d 

'9 
r( 

'9 
0, 

-? 
0.1 

? 
0.1 

rl 

2 

? 
0.1 

? 
Q, 

1 
M 

0 
cr5 

? 
m 

b m 

t: 
M 

N 
h 

The hexane filtrate remaining after filtering off the [(C7H8- 
SCF3)PdClIz was concentrated to -40 ml a t  -25" (35 mm). 
The crystals which separated during this solvent removal were 
isolated by filtration to  give 0.5 g (37Yc yield) of yellow [(C7H8- 
SCF3)PdI 2(C1)(SCF3), mp 145-146'. 

The reaction between C7H8PdC12 and CF3SAg could also be 
carried out in dichloromethane without added acetone, but the 
yields of trifluoromethylthiopalladium derivatives were much 
lower. 

Reaction of [ (C7H8SCF3)Pd] z(Cl)(SCF3) with Triphenylphos- 
phine.-A mixture of 0.40 g (0.544 mmol) of [(C7H8SCF3)- 
P ~ ] ~ ( C I ) ( S C F B )  (111: X = C1, Y = SCF3), 0.30 g (1.15 mmol) 
of triphenylphosphine, 90 ml of cyclohexane, and 10 ml of di- 
chloromethane was stirred a t  room temperature. After about 
12 hr a yellow precipitate started to form. After 30 hr this 
precipitate was filtered and dried to  give 0.13 g (0.185 mmol, 
40y0 yield based on triphenylphosphine) of yellow [(CGHB)S- 
Pl~PdClz, mp 283-284' (lit.8 mp 270" dec). Anal. Calcd for 

Found: C, 60.6; H, 4.3; P, 8.6; Pd, 14.7; S, 0.6; F ,  0.8. 
The filtrate from the isolation of [(C@Hj)aP] 2PdClz was evapo- 
rated to  dryness a t  -25" (40 mm). The solid residue was re- 
crystallized from a mixture of dichloromethane and hexane to 
give 0.30 g (0.263 mmol, 76% yield based on triphenylphosphine) 
of yellow-orange [ ( C ~ H ~ ) S P P ~ ( S C F ~ ) ~ ]  2 ,  mp 205-206". The 
analytical sample, mp 208-209", was recrystallized several addi- 
tional times from mixtures of dichloromethane and hexane. 
Anal. Calcd for C ~ O H ~ ~ F I Z P ~ P ~ ~ S ~ :  C,  41.9; H ,  2.6; F, 20.0; 
P,  5.4; Pd, 18.7; S, 11.2. Found: C, 42.6; H ,  2.9; F ,  17.4; 
P,5.1; Pd,  19.0; S, 10.7. 

Reaction of [(CsHe)4C4PdBrz] 2 with CFsSAg.--A mixture of 
1.0 g (0.82 mmol) of [ ( C ~ H B ) ~ C ~ P ~ B ~ Z ] ~ ,  0.87 g (4.16 mmol) of 
CFSSAg, and 125 ml of dichloromethane was stirred for 24 hr a t  
room temperature. Solvent was then removed from the filtered 
reaction mixture a t  -25" (35 mm). The residue was extracted 
with -150 ml of cyclohexane. Concentration of the filtered 
cyclohexane extracts a t  -25" (35 mm) gave 0.55 g (50% yield) 
of reddish gold crystalline ( C ~ H ~ ) ~ C ~ P ~ ( S C F ~ ) Z ,  mp 74-76'. 

Reaction of (C~He)&4Co(CO)#21 with CFaSAg..-A mixture of 
1.1 g (2.0 mmol) of (CF,HB)~CICO(CO)~CI, 0.60 g (2.9 mmol) of 
CFISAg, and 150 ml of dichloromethane was stirred for 9 hr a t  
room temperature. Solvent was removed from the filtered di- 
chloromethane solution a t  -25" (35 mm). The residue was ex- 
tracted with -200 ml of hexane to give a deep red extract. 
Removal of the solvent a t  25" (35 mm) from the filtered hexane 
extract precipitated 0.22 g (20% yield) of deep red crystalline 
[(CsHs)aC4Co(CO)(SCF3)12, dec p t  -200". 

Proton Nmr Spectra.-The following spectra were obtained on 
either a Perkin-Elmer Hitachi R-20 spectrometer a t  60 Mc or a 
Varian HA-100 spectrometer a t  100 Mc using CDC13 solutions. 

A. c .~H~Pt(ScFs)~.-The following three resonances were ob- 
served: (1) apparent triplet a t  T 4.44 (separation 2 cps) flanked 
by satellites arising from coupling with 1Q6Pt (J(Pt-H) = 62 cps) 
assigned to the four complexed olefinic protons of the norbornadi- 
ene ligand; (2) unresolved broad resonance a t  T 5.71 (width a t  
half-height -12 cps) assigned to  the two bridgehead protons of 
the norbornadiene ligand; (3) apparent singlet a t  T 8.22 assigned 
to the two bridge protons of the norbornadiene ligand. 

B. [(C7H8SCF3)Pd] zClz.-Unresolved resonances were a t  T 

6.66, 7.18, -8.2, and 8.48 of approximate relative intensities 
1 : 1 : 4 : 2, respectively. 

[(C7H8SCF3)Pd]2(C1)(SCF3).-Resonances were a t  T 6.65 
(apparent doublet, J c 0.5cps), 7.13 (unresolved), 8.17 (complex 
multiplet, two apparent peaks), and 8.50 (complex multiplet, 
three apparent peaks) of approximate relative intensities 1 : 1 : 4 : 2,  
respectively. 

(CeHs)4C4Pd(SCF3)2.-Complex phenyl resonances were in 
two clusters centered a t  T 2.5 and 2.8. 

[ (C~HB)~C~CO(CO)SCFS] $.-Complex phenyl resonance (six 
apparent peaks) were in the range T 2.5-2.9. 

C3sHsoClzPs: C, 61.5; H,  4.3; P ,  8.8; Pd, 15.1; S, 0.0; F 0.0. 

C. 

D. 

E. 

Discussion 
A. Norbornadiene Complexes.-The white crystal- 

line product obtained from C7HsPtC12 and CF3SAg is 
shown to be the monomeric norbornadiene derivative 
C7HsPt(SCF3)2 (11) on the basis of the following evi- 
dence. (1) The proton nmr spectrum exhibits the 

(8) J. Chatt  and F. G. Mann, J .  Chem. Soc., 1622 (1939). 
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normal 4:  2 : 2 relative intensity pattern of resonances 
with chemical shifts appropriate for a complexed nor- 
bornadiene ligand.g (2) The molecular weight deter- 
mination in dichloromethane solution agrees with that 
expected for a monomer. (3) The CF3S fluorine 
atoms exhibit a chemical shift of 4 26.8 in the 19F nmr 
spectrum which is in the rather narrow range previ- 
ously’ observed for other complexes with terminal 
CF3S groups. The reaction between C7HePtC12 and 
CF3SAg can thus be formulated as a simple replace- 
ment of chlorine with CF3S groups according to the 
equation 

CiHsPtCIl + 2CFaSAg + C7HsPt(SCFa)2 + 2AgCl 

The compound C7HsPt(SCF& (11) appears to be the 
first reported compound with two terminal CF3S groups 
attached to a single transition metal. Previous at- 
tempts1 to prepare a titanium compound of this type, 
(C5Hj)2Ti(SCF3)2, led instead to formation of (C5H5)z- 
TiF2. 

One characteristic feature of the proton nnir spectra 
of many platinum complexes is the observation of 
satellites arising from coupling of the protons with the 
19jPt nucleus (I = l / z ,  34% abundance). The proton 
nmr spectrum of C7HsPt(SCF3)2 (11) indicates the 
presence of appreciable such coupling ( J  = 62 cps) of 
the platinum atom with the four complexed olefinic 
protons but not with the remaining four protons which 
are more remote from the platinum atom. 

The reaction between the palladium compound C7&- 
PdCl2 and CF3SAg gave two yellow crystalline products 
of stoichiometries [ ( C ~ H S S C F ~ ) P ~ ] ~ C ~ Z  and [ (C7H8- 
SCFz)Pd]2(CI) (SCF3). Neither of these two palladium 
complexes exhibits in its proton nmr spectrum the 
4 . 2  : 2 relative intensity pattern and chemical shifts ex- 
pected for a norbornadiene complex. Instead both 
palladium complexes exhibit in their proton nmr spectra 
a 1 : 1 : 4: 2 relative intensity pattern with no protons in 
the usual chemical shift region for olefinic protons. 
The palladium complexes [ (CvHBSCF3)PdIsXY (X = 
Y = C1; X = C1, Y = SCF3) are therefore formulated 
as the nortricyclyl derivatives I11 rather than the tri- 
fluoromethylthionorbornenyl derivatives I V  (2 = 
SCF8) for the following reasons. (1) All protons in 
the nmr spectra of the [ (C7H8SCF3)Pd]2XY derivatives 
have chemical shifts above 7 6.6 whereas the com- 
plexed olefinic protons in the known10 alkoxynorbornen- 
ylpalladium complex [ (C7HsOR)PdC1]2 (IV : X = 
Y = C1, 2 = OR, R = CH3, CzHs, etc ) exhibit an nmr 
chemical shift of 7 -4. However, all protons of the 
methoxynortricyclyl ligand in the derivative C&O- 

(C6H5)J exhibit nrnr chemical shifts above T 5.9.11 
(2) The 1 ~ 5-cyclooctadienepalladium complex CsH12- 
PdClz does not react analogously with CF3SAg. For- 
mation of a nortricyclyl type derivative such as I11 is 
only possible when the two carbon-carbon double 
bonds are sufficiently close in space as is the case for 
norbornadiene but not 1,5-cyclooctadiene. 

X = Y 
= C1; X = C1, Y = SCFa) thus have an unusual type 
of CF3S group which bridges between a carbon atom 

C7HsPdC1(Pf-Pf) (V : PI-Pf = ( C ~ H ~ ) ~ P C H ~ C H Z P -  

The compounds [ ( C ~ H S S C F ~ ) P ~ ] ~ X Y  (111: 

(9) hl. A.  Bennett, I,. Prat t ,  and G. Wilkinson, J. Chem. Soc., 2037 (1961). 
(10) J .  K Stille and 11, A.  Morgan, J.  A m w  Chein. Soc. ,  88, 5135 (1966). 
(11) 1). I<. Coulson, ibid., 91, 200 (1969). 

and a palladium atom. The 19F nmr data indicate 
that this type of CF,S group exhibits a higher chemical 
shift (4 40-43) than either the terminal CF3S groups or 
the CFaS groups bridging pairs of metal atoms found 
in this or previous1 work. The compound [(C7HsSCF3)- 
Pd]2(C1)(SCF3) (111: X = C1, Y = SCF,) exhibits 
two CF3S resonances in the I9F nmr spectrum in a 1 : 2 
relative area ratio consistent with the proposed struc- 
ture which has two CF3S groups of one type and one 
CFSS group of another type. The chemical shift of 
the unique C F S  group in [ ( C ~ H & C F ~ ) P ~ ] Z ( C ~ )  (SCF3) 
(111: X = C1, Y = SCF3) falls in the relatively nar- 
row range around 4 26 associated with terminal CF3S 
groups bonded to transition metals; however, possible 
structures of this compound with one terminal CF3S 

V 

group would have unlikely features such as three- or 
five-coordinate palladium (the latter is unprecedented 
for a yellow complex), a bridging C7HsSCF3 ligand, 
and/or three bridging groups (unlikely for a square- 
planar palladium(I1) complex). On the basis of pres- 
ently available information we prefer formulation of 
[(C&SCF3)Pd]z(C1) (SCFS) with a bridging rather 
than terminal unique CF,S group. The chemical 
shift of the unique CF3S group can be rationalized on 
the basis of the wide range of chemical shifts found in 
only a limited number of known complexes with bridg- 
ing CF3S groups. 

The reaction of c7H~PdC1~ with CF3SAg to form the 
nortricyclyl derivatives I11 thus results in the ultimate 
rupture of the bonding between each metal atom and 
all but one carbon atom of each C7H8 moiety. The 
tendency for palladium, but not platinum, to undergo 
this anomalous reaction may be a consequence of the 
weakness of palladium-olefin bonds relative to anal- 
ogous platinum-olefin bonds. In the case of the reac- 
tion of the platinum derivative C7HgPtC12 with CF3- 
SAg, the stability of the platinum-norbornadiene bond 
is sufficiently high that it remains intact under the 
conditions of replacement of both chlorine atoms with 
CF3S groups. 

In an attempt to secure additional evidence concern- 
ing the proposed structure I11 (X = C1, Y = SCF3) 
for [ (C7H&CF3)Pd]%(Cl) (SCF3), its reaction with tri- 
phenylphosphine was investigated. This reaction when 
carried out a t  room temperature in a mixture of dichloro- 
methane and cyclohexane gave the knowns compound 
[ ( C ~ H ~ ) ~ P ] ~ P ~ C I Z  and the new compound [ (C8H&PPd- 
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(SCF3)2]2 (VI) in 7 5 4 0 %  yields based on the equation 
4[(C7H*SCF,)Pd]2(Cl)(SCF3) + 10(Cd&hP + 

2[(CeH~)3P]zPdClz + 3[(CsHa)3PPd(SCFa)z]z + 8C7Hs 

The triphenylphosphine thus breaks the carbon-sulfur 
bond in each trifluoromethylthionortricyclyl ligand as 
well as the palladium-carbon bond to this ligand elimi- 
nating a C7H8 moiety and leaving all of the trifluoro- 
methylthio groups bonded to palladium atoms. 

CF3 
VI 

B. Tetraphenylcyclobutadiene Complexes.-The 
reaction between [ (C6H5)4C4PdBr2]2 and CF3SAg pro- 
ceeds in a normal manner with the replacement of both 
halogen atoms by CF3S groups as in the reaction between 
C7H8PtC12 and CF3SAg discussed above. Unlike the 
dimeric cyclobutadienemetal dihalides of the type 
[R4C4MX2I2 (M = Ni, Pd;  R = CH3, CaH5; X = C1, 
Br ; etc.) l 2  the palladium compound ( C ~ H S ) ~ C ~ P ~ -  
(SCF,), (I) is monomeric as indicated by the molecular 
weight determination in dichloromethane solution. 
The 19F nmr chemical shift of the CF3S group in (C6H6)4- 
CdPd(SCF& (I) lies in the d, 26 region characteristic of 
terminal C F 8  groups (although the above data on 
[ ( C ~ H ~ S C F ~ ) P ~ ] Z ( C I )  (SCF3) suggest that  this criterion 
must be applied with caution and is of more value in ex- 
cluding the presence of terminal CF3S groups rather 
than demonstrating the presence of terminal CF3S 
groups). The palladium complex (C6H5)4C4Pd(SCF3)2 
(I) thus appears to be the first example of a cyclobut- 
(12) J. D. Dunitz, M. C. Mez, 0. S. Mills, and H. M. M. Shearer, H e h .  

Chim. Acfa ,  46, 647 (1962). 

adiene metal complex with a 16-electron configuration 
rather than the favored 18-electron configuration. I 3  

The cobalt derivatives R ~ C ~ C O ( C O ) ~ X  (R = CH3, 
C6H5; X = C1, Br, I) are isoelectronic with the well- 
known cyclopentadienyliron derivatives C5H6Fe(CO) zI 
and, like the iron derivatives, are useful intermediates 
for the preparation of a variety of interesting organo- 
metallic  derivative^.^ Reaction of (C6H6)4C4Co(C0)2C1 
with CF3SAg results in the loss of carbon monoxide to 
give a deep red bimetallic derivative [ ( C ~ H ~ ) ~ C ~ C O -  
(CO)SCF3]2 (VII). The 19F nmr chemical shift of the 
C F S  group is d, 32.3 which is outside the region ob- 
served for terminal CFsS groups. The formation of a 
bimetallic derivative VI1 with bridging CF3S groups in 
the reaction of CF3SAg with ( C ~ H & C ~ C O ( C O ) ~ C ~  con- 
trasts with the formation’ of a monometallic derivative 
C5H5Fe(C0)2SCF3 in the reaction of CF3SAg with 
C5H5Fe(C0)21 but is an obvious consequence of the 
weaker metal-carbon monoxide bond in the (CeH5)4- 
C~CO(CO)~X halides than in the C5H6Fe(C0)2X ha- 
lides, 

C A  
I 

, 
C,H, 

VI1 
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The reaction of diethylenetriamine with a lanthanide( 111) nitrate salt in anhydrous acetonitrile yields solid compounds of the 
stoichiometric formulation [Ln(dien)s] (N03)3 and [Ln( dien)*( NO&] Nos. Infrared data establish coordination by nitrate 
ion in the bis chelates. Conductivity and enthalpy data show that the Ln(dien)t(NOa)s+ ion is the thermodynamically 
favored species in acetonitrile. The enthalpy changes observed for a calorimetric titration of lanthanide(II1) perchlorate 
salts in acetonitrile demonstrate the thermodynamic stability of the Ln(dien),*+ ( n  = 1-3) species in solution. The varia- 
tion in enthalpy changes in the lanthanide series are discussed. 

Although coordination chemistry of the trivalent 

the majority of complexes studied were in 
(1) T. Moeller, E. IC. Birnbaum, J. H. Forsberg, and R. B. Gayhart ,  

“Progress in the Science and Technology of the Rare Earths,” Vol. 3,  L. 
Eyring, Ed. ,  Pergamon Press, New York, N.  Y. ,  1968, pp 66-128. 

( 2 )  T. Moeller, D. F. Martin,  L. C. Thompson, R .  Ferrus, G. R.  Feistel, 

aqueous solution and were derived from anionic ligands 
lanthanide ions has expanded rapidly in the last 20 with oxygen donor atoms. The observation that 

cationic complexes derived from neutral ligands with 
nitrogen donor sites could not be isolated from aqueous 
media prompted the assumption that Ln3+-N inter- 
actions were necessarily weaker than Ln3+-0 inter- 
actions. Recently, however, the use of nonaqueous and W. J. Randall, Chem. Rev. ,  65, 1 (1965). 




