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Abstract 

The syntheses of complexes containing the HL ligands N, N ‘-di-p-tolylformami- 
dine (TolNCHNHTol) (To1 = p-MeC,H,) and N, N ‘-di-p-tolyltriazene (TolNN- 
NHTol) are described. The complexes are of the types cis-[Pd(C,F,),(HL),], 
trans-[Pd(C,F,)Cl(HL>,1 and cis-[Pd(C,F,),(PPh,)(HL)], with the HL ligands acting 
as monodentate ligands via the imino N atom. A N, N’-di-p-tolylformamidinato 
complex, cis-(NBu”,) IPd(C,F,),{N(tol)CHN(Tol)} 1 is also described. It undergoes 
irreversible insertion of CNTol of CS,, or reversible insertion of CO,, into one 
N-Pd bond. While the CS, insertion product is an S,S-bonded dithiocarbamate-type 
complex, the product arising from the CO, insertion contains a six-membered 
palladiacycle with the ligand 0, N-bonded to the Pd atom. 

Introduction 

Formamidine and triazene ligands, RNYN’HR’ (Y = CH, N) and their deproto- 
nated forms are a rich source of transition-metal complexes of a variety of structural 
types. Thus, formamidinato and triazenido ligands can bond in a monodentate a-N’ 
(a), bidentate chelate o-N,N’ (b) or bidentate bridging u,u’-N,N’ (c) fashion; the 
situations most commonly met are (b) [l] and (c) [2], and monodentate behaviour 
(a) has been reported in only a few complexes [3]. In addition there is the possibility 
of q3-pseudoallyl coordination (d), as yet unknown, or of bridging heterodinuclear 
systems (e). Complexes of the latter type, in which metal-metal bonds are stabi- 
lized, have been reported recently [4,5]. Additional modes of coordination are 
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possible in systems of higher nuclearity. and some new brrdging possibilities have 
been observed in osmium clusters [h]. 
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‘There have been few reports on the reactivity of formamidinato or triazenidi, 
ligands [2d,7] or on the coordination behaviour of their neutral p:trcnt\ fornmami- 
dines and triazenes. RN-YNHR [Xl. W e describe here the svnthesis of some 
complexes containing the neutral ligands iv. :‘r”-di-p-tc~l\ilfnrrnflmidine f kldptf) and 
!V, 1%.‘-di-p-tolyltriazene (Hdptt) and one complex with 3 I’. ‘V ‘-tii-l)-tc’l~lforrl?arni- 
dinato l&and bonded in a hidentate chelate form (17). WC also report on tht! 
reactions of the last-mentioned complex with CNT~ol. C‘S, and C’O-. uhrch insert 
into the PdN bond. 

Results and discussion 

((I) S~vnthevis of complexes ~~.ifh nrutrul ligunrls (compirse\ I t ‘II 
The complexes c,is-[Pd(C‘,,T;,)2(HL)2] (HL = Hdptf (I). Hdptt (II)) were prepared 

by treating (NRII~)LIPdl(~-Br)?(C,Fi),] [9] with ,V, ,\- ‘-di-p~-tol~lf~~rni~lmi~ii~~~ 
(Hdptf) or, .V. X’-di-p-tolvltriazene (Hdptt), according to q. 1. 

~(NBu~),[Pd,(,~-Br)l(C‘,,I-_),] + 2 HL ~~‘C’i~~+ 

~~i.c-[Pd(C,,~:i)_(HI.)I] c~ (NBu;)Br (1) 

Addition of HL to CH,Cl, solutions of [I-‘d,(y-(‘I)_((“‘,~~ ),(tht):] 1101 (tht == 
tetrahydrothiophen) causes cleavage of the cloride bridges and displa~cment of the 
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Table 1 

Analytical data 

Complex 

~~~-[P~(C,F,),(TO~NHCHNTO~)~] (I) 

cw[Pd(C,Fs),(TolNHNNTol),J (11) 

trans-[Pd(C,F,)Cl(TolNHCHNTol),] (III) 

tram-[Pd(C,F,)Cl(TolNHNNTol)~] (IV) 

crs-[Pd(C,F, ),(PPh,)(TolNHCHNTol)] (V) 

ci.v[Pd(C,F,),(PPh,)(TolNHNNTol)] (VI) 

cis-(NBu~)[Pd(CbFs),(TolNCHNTol)] (VII) 

cis-(NBu~)[Pd(C~F~),(N(Tol)CHN(Tol)CNTol)] (VIII) 

cis-(NBui)[Pd(C,F,),( S,C-N(Tol)CHNTol)] (IX) 

[Ag( S,CN(Tol)CHNTol)] (X) 

cis-(NBu”,)[Pd(C,F,),(N(Tol)CHN(Tol)OCO}] (XI) 

Analysis (Found (calcd.) (%)) 

N C H - 

6.23 56.76 3.59 
(6.30) (56.74) (3.63) 
9.53 53.51 3.11. 

(9.43) (53.92) (3.40) 
1.49 56.75 4.06 

(7.40) (57.08) (4.26) 
10.95 53.58 3.90 

(11.06) (53.78) (3.98) 
3.09 57.73 3.50 

(3.02) (58.30) (3.26) 
4.53 56.24 3.35 

(4.47) (56.94) (3.26) 
4.55 56.20 5.56 

(4.64) (56.99) (5.67) 
5.45 59.01 5.99 

(5.47) (59.85) (5.91) 
3.83 53.40 5.34 

(4.28) (53.79) (5.23) 
7.11 47.16 3.43 

(6.88) (47.18) (3.72) 
4.12 55.46 5.88 

(4.42) (55.61) (5.41) 

tht ligand to give [runs-[Pd(C,F,)Cl(HL),] (HL = Hdptf (III), Hdptt (IV)), accord- 
ing to eq. 2. 

[Pd&Cl),(C,F,),(tht),] + 2 HL CH2C12~ truns-[Pd(C,F,)Cl(HL),] + tht (2) 

Treatment of I or II with a stoicheiometric amount (Pd/PPh, = l/l) of PPh, in 
CH,Cl, gives cis-[Pd(C,F,),(HL)(Pph,)l as white (HL = Hdptf (v)) or orange 
(HL = Hdptt (VI)) crystals, according to eq. 3. IR spectroscopy shows that the cis 
configuration is retained throughout the reaction, a common feature for pentafluo- 
rophenyl-derivatives of palladium [ll]. 

cis-[Pd(C,F,),(HL),] + PPh, CH2C1z> cis-[Pd(C,F,),(HL)(PPh,)] + HL (3) 

Complexes I-VI are stable as solids, but the triazene derivatives slowly decom- 
pose in solution. The analyses results and yields for the complexes are listed in 
Table 1. 

(h) Structural study 

The structural assignments of the complexes are based on their IR (Table 2) ‘H 
NMR (Table 3), and i9F NMR (Table 4) spectra. 

The IR spectra of all complexes I-VI show absorption bands characteristic of 
coordinated HL ligands, namely, v(NH) absorptions at 3400-3200 cm-‘, rt(NYN) 
bands (Y = CH, N) at 1670-1520 cm-‘, and several bands in the ranges 1530-1400 
and 1400-1200 cm-’ [8]. X-sensitive C,F, bands [12] are observed near 800 cm-‘; 
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We attempted to make derivati\,es containing L -I triazcnido group ht~t theqe turned 
out to be unstable. and the reactions \vere accomp;inied bc ehten\i\‘c deccvnposition 
to black palladium. A formnmidinatt> complex \v:is prepared. mci ii\ \vnthc\ix and 
reactions with small molecules are summarized in Schcmc 1. 

The complex (NBu’;)[Pd(C,,Fi),(TolNCHN’l‘ol)] (VII) UYI~ ~~htainrd in high \ield 
by treating a dichlorolnethanr solution of (NBul:)~[l’d~(~~-Br),((‘~F, )A] \\ith 
[Ag(.PolNCHNToI)],, (Br,+ ratio l/l j. Plttempts tc) answer the cIue~t!~~n of lvhethcr 
the formamidinato group acts a a bridging or IS\ .i ~~hrl:itr ligand 13~ a S-r-a\ 
diffraction study were frustrated because lye \vcrc unuhle to l)ht;lln ,g~~c~l cr\ .taiz. 
EXqui\,alent conductl\ity measurements for complex VI 1 I I: ~v.*c’tonc at L ar-iou:, 
concentrations [l-3] gat’e a \~alue for the .I(~ ,\<,;‘i.i‘v slope 111 rhe rar1gc iIf t11c \~‘ilWS 

found for l/l electrolytes. and 3 long way from those fclund for 2 ‘I electrolyte\. 
This suggests that, as in reiatcd derivatives [I]. the formamidinato grcaq? is :icting ah 
a chelate ligand. The obervation of ;i strong hand at li?(! cm assigned to 
v(N=C-=N) (120 cm ’ Iaver than in the free amidinei i.4 lndicatiyc c>f cxtensivc 
electronic delocalization within the NCN moiet,. AS espcctrti the ‘H and “‘F NMR 
spectra of VII at room temperature reveal chemical cquiv,tlence <>f heath N-\uh- 
stituents and of both C,F, group.\. 

Complex VII reacts with (_‘NTol to give a yellow, complcu VI11 that u’c formulate 
as resulting from insertion of C‘NToI in a P&N hand. Thix i\ supp~>rted h? the 
nhse,nce of ahsorptions in the v(C-N) region (2000 2.100 cm i ). and the <+\crva- 
tion of two strong ahsorptions at 1592 and 1628 cr31 ’ uhich are rtalated to 
v(N-C-C) and v(C=N), respectively. As expected from the prop~~~a.i structure. 
signals for two inequivalent C’,,F. groups arc observed 111 the “‘F NhlR ;\pcctrurn 01 
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Scheme 1. (i) CH,Cl,, 1 day; (ii) stoicheiometric amount of CNTol, CH,Cl,, 10 min; (iii) CS, in 
CH,CI,, 1 h; (iv) CH,CI,, 15 h; (v) CH,CI,. bubbling CO>: (vi) spontaneously or on bubbling of N2. 

complex VIII, whereas the ‘H NMR spectrum displays three singlets corresponding 
to the three inequivalent methyl groups at 2.05, 2.19 and 2.30 ppm (6, CDCl,). 

Complex VII also reacts with CS, to give the yellow complex IX. As shown in 
Scheme 1, IX can also be obtained by treating (NBu”,),[Pd,(p-Br),(C,F,),] with 
the silver complex X, obtained from the corresponding silver formamidinato and 
CS,. The suggestion of a dithiocarbamate type of bonding for complex IX, resulting 
from a formal insertion of CS, into the Pd-N bond, is supported by the observed 
equivalence of the two C,F, groups in the i9F NMR spectrum; the alternative 
structures 1 Pd(C,F,),{N(Tol)CHN(Tol)C(S)S} 1 - and 1 Pd(C,F,),{N(Tol)- 
CHN(Tol)SC(S)} I_ should give rise to inequivalence of the two C,F, groups. In 
keeping with the proposed structure, two sharp methyl signals are observed at 2.29 
and 2.36 ppm (6, CDCl,) in the ‘H NMR spectrum, and two absorptions in the IR 
spectrum at 1643 and 1630 cm-i are assigned to the z$C=N) stretches. 

When CO, is bubbled through a yellow solution of complex VII in CH,Cl, 
(0 o C) the yellow colour disappears, and addition of n-hexane allows the isolation of 
a white complex XI, which analyzes satisfactorily for the product of insertion of 
CO, into the Pd-N bond. Complex XI is very labile, and quickly loses CO, even in 
the solid state at room temperature, and very rapidly in solution. Bubbling of N, 
through solutions of complex XI leads to complete loss of CO, and regenerates 
complex VII. The extreme instability of complex XI complicates its spectroscopic 
study. i9F NMR spectra are blurred in the range of the ortho- and meta-fluorines 
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of CH,Cl,. The mixture is stirred at room temperature for 5 h. In the case of 
complex V the colourless solution is concentrated to a small volume (- 1 ml) and 
ethanol (- 10 ml) is added to give white crystals of V (68% yield). In the case of 
complex VI, the red solution is evaporated to dryness and 30 ml of ether are added, 
and the solute is cooled to give orange crystals of VI (60% yield). 

(NBu;)[Pd(C, F,),(TolNCffkTol)f (VII) 
Silver(I) N,N’-di-p-tolylformamidinate (0.087 g, 0.2621 mmol) is added to a 

solution of (NBu”,),[Pd,(p-Br),(C,F,),] (0.200 g. 0.1311 mmol) in 50 ml of 
CH,Cl,. The mixture is stirred for one day and AgBr is then filtered off. Evapora- 
tion of the yellow solution to dryness and dropwise additon of - 10 ml of ether 
produces yellow crystals of VII (74% yield). 

cis-(NBu~)[Pd(C,~~),{N(Tol)CHN(Tol)CNTol}] (VIII) 
p-Tolylisocyanide (15 ~1, 0.1103 mmol) is added to a solution of complex VII 

(0.100 g, 0.1103 mmol) in 20 ml of CH,C12. The initially yellow solution becomes 
pale yellow within a few minutes. The solution is evaporated to dryness and 15 ml 
of diethyl ether is added to the residue. The pale yellow solid (VIII) is filtered off 
and washed with 10 ml of diethyl ether (85% yield). 

cis-(NBu~)[Pd(C,f7),(S,CN(Tol)CHN(Tol)}J (IX) 
Method I. CS, (1 ml) is added to a stirred solution of complex VII (0.3 g, 0.3310 

mmol) in 25 ml of CH,Cl,. The orange solution is evaporated to dryness. The 
resulting oil is dissolved in ether (60 ml) and the solution is filtered, evaporated to 
ca. 3 ml, and cooled in the freezer to give a yellow solid, which is filtered off and 
washed with 5 ml of cold ethanol (yield 50%). 

Method II. A solution of (NBu”,),[Pd,(p-Br),(C,F,),] (0.264 g, 0.1732 mmol) 
in 30 ml of CH,Cl, is stirred with 0.141 g (0.1732 mmol) of complex X for 15 h. 
The AgBr is filtered off, the yellow solution evaporated to dryness and ethanol is 
added to the residue. The yellow crystals of IX are filtered off, and washed with 5 
ml of cold ethanol (yield 90%). 

[Ag(S,C-N(Tol)CHNCTol)] (X) 
CS, (1 ml) is added to a colourless solution of silver(I) N,N’-di-p-tolylforma- 

midinate in 30 ml of CH,Cl,. After 3 h stirring the resulting orange solution is 
evaporated to dryness and 10 ml of ethanol are added to the residue. The orange 
solid is filtered off and washed with ethanol (15 ml) (90% yield). 

cis-[Pd(C,F”)z{N(Tol)CHN(Tol)OC(0)}] (XI) 
CO, is bubbled through a cold yellow solution of complex VII (0.2 g, 0.2206 

mmol) in CH,Cl, (3 ml). After 15 min the solution becomes colourless and 
n-hexane (50 ml) is added. The solution is cooled in the freezer to give a white solid, 
which is filtered off under a CO, atmosphere and washed with n-hexane. 
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