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The complexes trans-[PdCl{C(=NR)C(Me)=NR’} (PPh&] (R = C6Hll, 
p-C,H,OMe; RI = p-C6H40Me, Me) containing a o-bonded 1,4diaza-3-methyl- 
butadiene-2-yl group with different substituents on the nitrogen atoms have 
been prepared by two routes. The first involves initial methylation of the mixed 
isonitrile complex [PdCl,(CNR)(CNR’)] by HgMe*, followed by reaction with 
PPhj (Pd/PPh3 molar ratio l/2). The second method involves condensation of 
primary aliphatic amines with the carbonyl group of the 1-azabut-1-en-3-one-2- 
yl moiety of the complex trans-]PdCl{C(=NR)C(Me) = 0 } (PPh&]. The 1,4- 
diaza-3-methylbutadiene-2-yl derivatives act through their imino nitrogen atoms 
as chelating ligands towards anhydrous metal chlorides MCI? (M = Co, Ni, Cu, 
Zn). Magnetic moment measurements and the far-infrared and electronic 
spectra of these adducts indicate an essentially pseudo-tetrahedral configura- 
tion at M in the solid and in solution. With the ZnCl, adducts, the ‘H NMR 
pat@n for the phenyl protons of the p-methoxyphenyl N-substituent depends 
upon the position of the substituent in the 1,4diazabutadiene chain. 

Introduction 

We previously described the preparation of 1,4diaza:3-methylbutadiene-Z-yl- 
p&adium(II) complexes of.the type trans-[PdCl{C(=NR)C(Me)=NR}(PPh&] 
having the same substituent R on both imino nitrogen atoms [I], and also of 
their adductswith. anhydrous metal halides of the first transition series 121. The 
ligafSng,ability of such an-organic moiety and the physico-chemical properties 
of the-resulting binuclear compounds amaffected by the electronic and steric 
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ieqnirementsdf the N+ubstituents [2’?]..To examine the extent of these effects 
we have extended our study to~the preparation of the related complexes, trans- 
[PdCl{~(=NR)d(Me)=NR’) (PPh&], with different substituents on the nitrogen 
atoms. The& compounds, obtained by two distinct synthetic routes, together 
with some of their coordination reactions, are reported in this paper. 

ResultA anddiscusion 

Preparation of diazabtitadiene Iigands 
The first preparative method for l,Fdiaza-3-methylbutadiene-2-ylpalladium(I1) 

derivatives with different N-substituents is shown in Scheme 1. 
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The chloro-bridged binuclear complex [PdClz(CN-p-C6H,0Me)]2 easily reacts 
with the stoi,hiometric amount of the aliphatic isonitrile, CNR’, to give the 
mixed-ligand compounds I as the major product [S]. ‘These compounds were 
treated in situwith a benzene solution of HgMe, to yield the imino derivatives 
II, a reaction analogous to that reported for the complexes cis-[PdCl,(CNAr)L] 
(L = PPha, CNAr, Ar = Ph, p-C&Me, p-C&OMe) [ 1,47. The methylation has 
been shown to occur at the more electron deficient aromatic iso+rile carbon. 
atoti by. conversion of II with gakeous HCl [4] to the methyl(pYmethoxyphenyl- 
camino)carbene complexes IV, &hose IR and ‘H NMR.spectra show that the 
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aliphatic isonitrile (CNR’) has not undergone any reaction with HgMe*. Further- 
more, when treated with an excess of PPh3 the aliphatic isonikile ligand is partially 
displaced and is easily identified in the reaction mixture by IR spectroscopy (In 
benzene solution the stretching vibration (C!=N) of the free isonitriles occurs at - 
2140 and 2138 cm-’ for CNCsHll and CNBu-t respectively, while for CN-p-C&- 
OMe it occurs at significantly lower frequency (2125 cm-‘)). 

The reaction of II (R’ = C6H1J with PPh, yields the 1-cyclohexyl-4-p-methox- 
phenyl)-l&diaza-3-methylbutadiene-2-yl derivative IIIa. The imino intermediate 
II (R’ = C,H,,) is characterized in benzene solution by a strong v(C~N) IR band 
of coordinated isonitrile at 2215 cm- ‘. This band shifts to 2205 cm-’ as soon as 
PPh3 is added to the reaction mixture, because of a fast chloro-bridge splitting 
reaction. The intensity of the latter band decreases with time as the insertion of 
the coordinated cyclohexylisocyanide into the Pd-C a-bond of II progresses, 
until it completely disappears, ca. 90 min after initial PPh, addition. A similar 
reaction tiie was also observed for the same reaction with R = R’ = C6Hll, 
whereas for R = R’ = p-C6H40Me the insertion was completed after ca. 15 min 
[2b]. Probably the different electrophilic character of the terminal carbon of ~ 
the coordinated isonitrile CNR’ in the i&no intermediates II is responsible for 
the variation in reaction rate [53. 

The product IIIa obtained from the first precipitation (see Experimental) 
contains a small amount (ca. lo?%, as measured from its ‘H NMR spectrum) of 
the complex trans-[PdCl{C(=NR)C(Me)=NR}(PPh,)J (R = p-C,H,OMe). Since 
this compound can be prepared by a reaction sequence analogous to that shown 
in Scheme 1 starting from cis-[PdCl,(CN-p-C,H,oME;),I [l] its presence in the 
product IIIa prompted us to study in some detail the reaction of [PdCl,(CN-p- 
C,H,OMe)], with CNCBH,l (l/2 molar ratio) in benzene solution, The IR spec- 
trum of the reaction mixture shows two very strong v(CgN) bands at 2240 
and 2225 cm-’ with two unresolved shoulders at 2250 and 2218 cm-’ respec- 
tively. The ‘H NMR spectrum of the same mixture in CsDs shows four OMe 
signals in the region 3.3-3.0 ppm (see Fig. 1). 

The species giving rise to the main signal at 6 3.28 ppm is considered to be 
cis-[PdCl,(CNC,H,,)(CN-p-C,H,OMe)] because the IR spectrum of the reaction 
solution shows the two very strong Y(C~N) bands expected for such a complex. 
An analogous compound, cis-[PdCl,(CNC,H,,)(CN-p-C,H,Me)], was obtained 
in ca. 60% yield from the reaction of [PdC12(CN-&CsH4Me)j2 with CNCBHll in 
tetrahydrofuran [S]. The signals at 6 3.17 and 3.08 ppm respectively are due 
to a small amount of [PdCl*(CN-p-C6H40Me)J, probably present as both cis 
and trans isomers. 

This assignment was confirmed by the ‘H NMR spectrum of an authentic 
sample of [PdCl,(CN-p-C,H,OMe),] in a C6D6 solution to which some [PdCl*- 
(CNCBHIl)2] was added in order to increase the solubility. The remaining 
signal at 6 3.19 ppm is very likely due to the isomer trans-[PdC12(CNC,Hll)- 
(CN-p-C6H40Me)]. 

The two broad signals at ca. 3.9 and 3.0 ppm shown in Fig. 1 are due to N-CH 
of the cyclohexyl groups. 

These various species may arise from a redistribution reaction of the type: 

[PdCl,(CNR)], + 2 CNR’-+ 

2[PdCl,(CNR)(CNR’)] r= [PdCl#NR)2] + [PdC12(CNR’),I 
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Fig. i. lR’ZWk¶R spectnun h.Zhe range 4.3-2,s ppm for the reaction [PdCl~(CN~-C~40Me)l2 f 2 

?c6~11.+ c6*6- 
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reaction at the carbonyl group with primary amines yielding 1,4diazabutadiene- 
2-5’1 complexes of the type VI. 

We report here only the reaction with MeNHz, but preliminary tests have 
shown that V can react in a similar way with a variety of primary aliphatic 
amines carrying other functional groups, such as ethanolamine, ethylenediamine 
or diethylenetriamine, to give tridentate or tetradentate organometallic ligands. 

The carbene derivatives IV have a cis configuration as indicated by the presence 
of two v(Pd-Cl) bands in the range 317-281 cm-‘. The N-H and C* 
stretching frequencies are very close to those reported for related complexes 
[4,73_ Restricted rotation around the C* bond of the methyl@-methoxy- 
phenylamino)carbene group could give two isomers, A or B. 
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The: *I3 NMR spectrum of cis-[PdCIZ (C(NH-p-C,&OMe)Me} (CNBu-t)] (IVb) 
at room temperawe, shows that only one isomer is present in CDC13 solution, 
to whichstr@ure~A is assigned since the ortho protons H, are shifted to low 



I 
: 



71 

field due to interaction with the metallic centre which is only possible for 
isomer A [7$].~The. complex cis-[PdC12{C(NH-p-C6H40Me)Me(CNC~H11)] (IV@ 
shows both A~and B isomers in 4/l ratio, the minor isomer B having s(C-Me) 
at 21.82; 3(0-M&) at 337 and 6(N-H) at 11.0 ppm (see Table 4). The CBH, 
signals occur in the range 7.3-6.7 ppm and are partially overlapped by the 
more intense resonances of the meta protons Hb of isomer A. 

Coordination properties of diazabutadiene ligands 
The 1,4-d&a-3-methylbutadiene-2-yl derivatives (IIIa and Via) act as chelat- 

ing bidentate ligands towards anhydrous metal chlorides of the first transition 
series according to Scheme 3. 

SCHEME 3 

Cl -Pd-C 

tmo, R = p-C,H,OMe ; R’ = C6H,, ; 

PI0 , R = Me ; R’ = p-C6H40Me) 

MCI2 - 

[MCI2 -ma] 

II MC12- IZto I 

(M = Co,Ni,Cu.Zn) 

Derivatives IIIa and VI and the corresponding binuclear adducts are monomers 
in 1,Zdichloroethane solution (see Table 1). Only the complex [NiCl*-IIIa] 
has a molecular weight slightly higher than the calculated one as found also for other 
related nickel(H) binuclear compounds [a], and probably these complexes are 
partially associated in solution [9]. 

The adducts with CoClz, NiClz and CuClz are high-spin pammagnetic com- 
pounds with 3, 2 and 1 unpaired electrons respectively. The solid-state values 
of p,, for the cobalt(I1) and nickel(H) derivatives are close to those measured 
in CH&& solution, whereas for the analogous copper(H) complexes, the magnetic 
moments in solution are significantly lower (by 0.3-0.4 BM). 

The IR spectra of IIIa, Via and VIb show two strong v(C=N) bands in the 
range 1633-1563 cm-’ and one z$Pd-Cl) band at rather low frequencies (255- 
247 cm-‘, see Table 2), an indication of the high trans-influence of the o-bonded 
1,4-diazabutadiene-2-yl group [ 1,2b]. 

Upon coordination, the (C=N) bands of complex IIIa are shifted to lower 
frequencies and reduced in intensity. In the adducts of Via only one low inten- 
sity bandis observed in the range 1520-1515 cm-‘. 

This might be due to the formation of a delocalised n-electron system on the 
5-membered ring by interaction of the C=N double bonds and d orbit& of 
appropriate syrnmeti of the metal M, similar to that deduced to occur in com- 
plexes of purely organic 1,4-diazabutadiene ligands on the basis of IR and NMR 
studies and force constants calculations [ lO,ll]_ Another typical effect of coordi- 
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nation is to shift the (Pd-CX) band to higher frequencies by 40-50 cm-‘, due to 
the reduced tins-infkence of the chelated l&diazabutadiene-2-yl moiety 
[1,2b j. 

AU the binuckar complexes exhibit two M-C1 stretching vibrations in ranges 
typical of non-associated pseudo-tetrahedral compounds fMC12(L)2] and 
[MCl,(L-L)] (M = Co, Ni, Cu, Zn), where L and L-L are monodentate and 
chelating bidentate N-donor ligands [2,12,13]. A pseudo-tetrahedral configura- 
tion in the solid is also indicated by the magnetic moment values [14,17]. For 
example, -magnetic moment&in the range 2.06-2.13 BM have been found for 
the.copper derivatives [CuX,(L-L)] (X = Cl, Br, L-L = C- and N-substituted 
ethylenediamines) in which tetrahedral geometry is favourcd by the steric 
requirements of the bulky bidentate ligands [18,19). 

The binuclear complexes also have a distorted tetrahedral configuration at 
the metal cent& M in CE12C12 solution as indicated by their electronic spectra 
in the range 25000-5000 cm-’ (Table 3). A typical feature of these spectra is 
the presence of a strong meka.Z+ligand charge-trknsfer. band with a maximum at 
kquencies higher than 25000 cm -‘, the position of which depends on the nature 
of the coordinated metal M and particularly on- the N-substituents of the 1,C 
diazabutadiene-2-y: hgands [2b,20-221. In certain cases this band tails considera- 

TABLE 3 

ELECTRONIC SPECTRA IN THE VISIBLE AND NEAR-INFRBRED REGION = 

ccoc12&1 168O7(162):152iO(sh):14815(392) 980_1(32);73~00(87);6130(sh) 

c~~~-l 16950<155):15270(sh):14815(445) 
~NiC&--IIb~ m.' 

943i<16):7380(77):6130(&) 

CCUQ2-Ii.d 

11590(41):985(3(63):833O(sh) 
1064_O(b~)(12tt) .-.-. 

ccuq2-Yq 12~?O@r)(l~66). . . .._. L 

=Theba&~maxh~arein&- i; the molar extinction cdefficienk’~ ay fn paredkes. ‘- M&&i, bjt the 
we-dff bad tail (see text>. : 
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I& ido the &bIe region of the spectrum, masking some of the d-d transition 
of the metal M .qnd becoming partially responsible for the eolours of the com- 
plexes [2b]. This effect is particularly evident in the spectrum of the adduct 
[NiCl&IIa], in which the region 25000-14300 cm-’ is completely hidden. 
Although molecular weight measurements indicate a slight association in solu- 
tion for this compound, the position and the intensity of the observable d--& 
bands suggest that the pseudotetrahedral species predominates [9,13,16,19]. 
The green colour of the cobalt derivatives, [Co&-IIIa] and [CoCl,-VIa& 

TABLE4 

III NMR SPECTRA = 

Compound Assignment 

IILa 

IVa ’ 

IVb 

Via 

VIb 

czncl~-IIIal 

Ezncr2-Vw 

0.8--1.8 M@r) (CH2)s 
1.32 s C-Me 
3.77 s O-Me 
4.6 5 l’U@r) N-CH 

5.55-5.85 M ’ 
6.5-6.8 M ’ 

G94 
a=4 

7.0-8.0 M P--W% 
0.8-2.3 M(br) (CR2)5 
2.82 S. 3.11 S C-Me 
3.7 M(br) N-CH 
3.87 S, 3.90 S O-Me 
6.7-7.3 M ’ 

8S-S.5 Mb 
cgH4 
%Rq 

11.0 br, 12.8 br NH 
1.31 S t-Bu 

3.12 s C-Me 

3.38 S O-Me 
6.8-7.2 M ’ 

8.1-8.5 M b 
c6H4 
C6H4 

13.60.w) NH 
1.01 s C-M.2 

3.02 S N-Me 

3.84 S O-Me 
6.6-S.S M d C6H4 
7X3-3.2 M =6%. C6H4 
O.&-l.@ M@r) WH215 
0.97 s G-Me 
2.15 s N-Me 
4.65 M(br) N-CH 
7.1-8.2 M =6% 
0.7-2.2 M @f) WH2)5 
1.92 S C-Me 
3.76 S O-Me 

6.16 MCbr) N-CR 
6.3-S.S M C6H4 
7.0-8.0 M p--c6% 
1.97 s. C-Me 
2.73 S N-Me 
3.83 S C-Me 
6.4-6.6 M b C6I% 
7.3-7.6 M 
7.6-7.9 Mb 

P-C6J% 
C6Hq 

a Values in ppm from TMS as internal $.sndsrd: S. singlet; M, multiplet: @I), broad. b Symmetrical sides 
of an AA’BB’ signal. = Two isomers are present (see text). d Side of an AA’BB’ signd; the other side is 

mqked by We strong PPh3 s&nals. 



fi&&ing of the tetrahedral geo_m&ry ai the copper at&n in solution [18]_ 
.‘&e~‘H N&IR Sp&tra of the 1;4_diaz&3~tiethylbutadiek?-Z-y1 ligak%, IIIa, 

Via and VIb (see Table 4) suggests that only +e of the varioti configurations, 
which Can arise fioti r&tricted rotatic& k the conjugated double bond sys- 
tem, is present in CDCl~,solution. m3 appears to be a general feature of all 

: ccmzpkxe~ of this type that have been studied~o far [1,2b,24] _ The structure 
of the only observed isomer is mainly inflienced by steric factors, as has been 
observed in other bulky moIecu$es such &s &lladiun@I) id Fla~~~~) 
ab&e complexes f25]_ 

-Accoidiig to models the configurations with the least steric hindrance‘are . 

CandD. 

Strucikre C clearly must be assumed *hen these comp+nds act as chelating 
-Iigands. 

In the ZnClz adducts the signals of the methyl groups in position 3 of the 
diazabutadienyl ligand (C-Me in Table 4) tie shifted do+field for both ligands 
IEa and Via. A dodeld shift is also observed for the ar proton resonan$e 
‘(N-CEK) -of the cyclohexyl group at pkition 1 of ligand IIIa, while the si&l 
of the methyl group at position 4 of ligwd-Via (N&Me) moves upfield by ?.29 
ppm. This opposite effect on the NaEI protons is probably related to a change 
of configuration in the 1,4-diazabutadiene-Z-yl-Moiety @on co&@iriation. 

The aromatic protons of the p-C&due group appear as. ~‘BB’:symmetric& 
kzltiplets which have differentpattems~and chemical shifts. according -to the. 
position of this group on-t$e di@@tad@ne ch&q.:l%is’.i& clearly. shown by the 
.s;?ect&of [ Z@lz-VI~] and [,ZtiC& -IIIa] (Fig.. 2 +d Fig.. 3, .resF;ectiyely). 

f7.6-‘7.9 $pti in Fig. 2) are a+@$ t& the o&&o p{&ons E&b&use of the. -. 
: 
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fig. 2.1~ NMR spectrum of the complex [ZnC12-VIal in CDC13 solution in the phenyl region. 

deshielding effect of the palladium atom in close proximity [7,8]. Similar low- 
field resonances for the p-C6H40Me smbstituent at position 1 have-been observed 
in the related compounds trans-[PdX{c(=N-p-C6H40Me)(?(Me)=N-p-C6H,oMe}- 
(PPh&] (X = Cl, Br) [Zb] and in the methyl@-methoxyphenylamino)carbene 
derivatives IV. In the free ligand Via the ortho protons H, are masked by the 
intense Pl!!hB resoannce (see Table 4). 

I&the spectrum of the complex [Z&l2 -HIa] (Fig. 3) the H, and Hb protons 
of the p-&H40Me group in position 4 appear in the narrow range 6.9-6.3 ppm, 
while in the free ligand they give rise to two more widely spaced symmetrical 
signals in the ranges 6.8-6.5 and 5.85-5.55 ppm. 
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-moments were measured in the solid state with a Bruker Magnet BM6 instru- 
ment at 20%. 

Magnetic moments in Cl&C& solution were measured by published methods 
[27 J.-Molecular weights-were measured with a Mechrolab osmometer at 37°C 
in l+dichloroethane. Elemental analyses were made by A. Berton and G. 
Biasioli of the Microanalytieal Laboratory, Laboratorio Radioelementi C.N.R., 
Padova. 

Preparation of truns-[PdCl {C(=NCJr, ~~C(~~~=~-p~C~~~Me~ @‘Ph3)J, (Ia) 
The complex [Pd&(CN-p-C&HaOMe)], (1.24 g, 2 mmol) was suspended in 

benzene (100 cm3) and treated with CNCsHl 1 (0.44 g, 4 mmol) with stirring. 
TheresuItingdlearyellowso~utionPrrastreated~ithHgMe,(lOcm~ ofabenzene 

solution, 6.15 X-10-i M). The reaction was complete in about 5-6 h at room 
temperature. During this time some decomposition also occurs, as indicated by 
the formation of metallic palladium. The reaction mixture was then treated with 
PPh, (2.1 g, 8 mmol) and stirred for 2 h. This reaction was complete in about 
90 min as shown by FR spectroscopy of the solution (see text). Addition of 
charcoal and filtration gave a pale-yellow solution, which was concentrated to 
small volume at reduced pressure. 

Some yellow-greenish product began to precipitate during the concentration. 
The precipitation was competed by addition of ethyl ether/n-hexane mixture 
(2/l, v/v). The small amount of Hg(Me)Cl still present in the compound was 
removed by sublimation @O”C, 10q2 mmHg, 4 h). The “H NMR spectrum of the 
resulting product showed the presence of about 10% of trans-[PdCl{C(=N-p- 
C&OMe)C(Me)=N-p-C&+OMe} (PPh3j2], which was eliminated by fractional 
precipitations from the same solvents 

The yield of pure complex IIIa is about 40%. 

t-Bu) 
The complex [PdC12(CN-p-C,H,+OMe)]2 (0.62 g, 1 mmol) was treated with 

isonitril~ CNR’ (R’ = CdHri or t-Bu, 2 mmof) and then with HgMe2 (Pd/Hg 
molar ratio l/1.5) as described above. Gaseous HCl was bubbled through the 
resulting benzene solution giving an immediate yellowish precipitate. After 
stirring for 10 min the mixture was taken to dryness at reduced pressure and 
the solid residue treated with CHCl, and charcoal. After filtration the clear 

the 

yellow solution was concentrated to small volume (5-6 cm3) and the product 
was precipitated with ethyl ether. Any trace of Hg(Me)Cl still present was 
removed by sublimation (-80-100°C, 10m2 mmHg, 3 h). Analytically pure sam- 
ples were obtained after two successive precipitations from the same solvents 
(yields 50--6O%). 

These compounds are stable when solid but tend to decompose in CHCIB 
solution. 

Gaseous MeNHH2 was bubbled for 10 mm through a solution of trurzs-[PdCl- 
{C(=NR’$(Me)=O) (PPh3j2] (1 mmol) in CH2Clz (80 cm3). The reaction mixture 



‘.iiT*- t&irreh SS24 h-@-t&$ @resetic&~ of anhydrousNa&SOq. &ririg this time the 
_*&&s&; V&k_. 

_~&g&&. g. g&b fg&z&a.q& 

ark%~N ~~~~~~~~~Cies~~lj50-_1550 cmAf),-P;fter fikrati~n, the solve& 
Was evaporated’end the-&hd. r&s.idu&. washed4Gj times -with d&till&-water_ 

T@e resul&g:crude product vk.s dried-in vacua and then redissolved in CHzClz 
_ (fGr-R’.~-&_fC&&OMej. After trehtment with cha.rcoal,:filtration, and concen-- 
k&ion tiea smahvolume,.the yellow crystaiiine prochxct was precipitated by 
add&on of eth$ether (yield~=66%). 

Inthe c&e of R’ = C&X&, after.being washed with water and-dried in vacua 
the crude product was redissolvedin benzene andprecipitated with n-hexane 
(yield-50%). . . 

The 1,4diazab&adiene-2-yl.ligand (IIIa-or V&I, 0.5 mmol), dissolved in 
CH,Cl, (50 cm3) was added dropwise to a stirred solution of anhydrous MC& 
(0.5 mmol) in absolute ethanol (10 cm3). After 30 min the reaction mixture 
was treated with charcoal and filtered. The resulting solution was evaporated 
at reduced pressure until the product began to precipitate. At this point the 
precipitation was completed by addition of ethyl ether. The binuclear corn- 
plexes were purified by m-precipitation from CH&l, solution with either 
ethyl ether or z. mixture of ethyl ether/ethanol (3/l, v/v). The yields were 70-80% 
for [MC12-IlIa] and N-90% for [MClz--VIa]. 
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