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I I 

The structure of the compound tians-[PdCl{C(=N-p-C&l,OMe)C(Me)=N-p- 
C&I,OMe) (PPh,),] was solved, using a conventional combination of Patterson 
and Fourier functions, least-squares refinements and electron density difference 
maps, to a reliability index R of 0.069 for the 2923 observed reflections col- 
lected by four-circle diffractometer. The palladium arom is surrounded in a 
roughly planar fashion by two trans phosphorus atoms; a chlorine atom, and a 
a-bonded carbon atom of the diazabutadienyl group. This group assumes a 
tram configuration, the N=C-C=N fragment being virtually planar and nearly 
normal to the mean coordination plane. The Pd-ligand bond lengths are: Pd-C 
1.98(l), Pd--cl2.41(1), Pd-P(1) 2.33(l) and Pd-P(2) 2.35(l) A.. 

Introduction 

The organic l&diazabutadienes, such as those derived from condensation of 
primary amines with ethanedial or 2,3-butandione, have been reported on the 
basis of spectroscopic and dipole moment measurements Cl,23 to assume pref- 
erentially a tra;tsconfi gun&ion with anti N-substituents. We have prepared the 
complex trans-[PdCl {C(=N-p-C,&OMe)C(Me)=N-p-C&OMe) (PPh,),] con- 
taining a o-bonded l&diaxa-3-methylbutadiene-2-yl group [ 31, which was 
found to act as a chelating bidentate ligand towards a variety of transition 
metal ions to give a new type of binuclear compounds [4,5,6]. The diazabuta- 
dienyl moiety can be easily monoprotonated by strong mineral acids [3] and 
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undergoes acid catalyzed hydrolysis only at the imino carbon atom not directly 
bonded to the central metal [ 73, at variance with the organic diazabutadienes 
which under the same experimental conditions are completely hydrolized. In 
no case was electrophilic cleavage of the Pd-C o-bond observed. 

We have now carried out an X-ray analysis of this complex in order (i) to 
ascertain the configuration of the diazabutadienyl group, and thus possible 
bonding interactions between the imino nitrogen atoms and Pd [S] , and (ii) to 
see whether structural parameters could account for the special stability of the 
Pd--C_o-bond and the partial hydrolysis of the diazabutadienyl group, which 
may possibly be connected with n-interaction between the metal d elections 
and the conjugated double-bond system. 

Colkd2tion of X-ray data, solution of structure 

The complex truns-[PdC1{C(=N-p-C6H,OMe)C(Me)=N-p-C6H40Me)(PPh,),] 
was prepared by a published method [ 31 and recrystallized from CH,Cl,/ethyl 
ether. 

TABiE 1 

CRYSTALLOGRAPHICALLY IMPORTANT DATA COLLECTION AND DATA PROCESSING 
INFORMATION 

Molecular formula 

Molecular weighr 

CrYstalsystem 

SP== -UP 

Cell constants a W-K,. A = 0.7107 A) at 23OC 

Unit cell volume 

Density 

FWJO3 
standards for i.nteasitY control (every 90 mill) 

Mar deviationofstendards 

scanningrange for 26 

Scanwidth foreachreflection 

Scan speed 

Backgroundtime 

Absorptioncoefficient 

Tota\numberofdatapotntscollected 

Numberabovetbreesta&arddeviations 

Numberof total variables 

Function minimized 

Weigbtingscbeme 

Finele R = ZUF,I - IF,l;/ZIF,I 

Cd-hW202F2Pd 
947.72 g mo1-' 
trickic 

Pi 
o = 14.889<12) A 
b = 14.229<13) 
c = 11_023<7) 
ce = 86.28(8)' 
fi = 80.13<7) 
7 = 81.96<7) 

2276.1 A3 

Dc = 1.38: D = 1.36 g CIU-~ 

976 
--- 

c2. 3.-o: 5. 3. 3: 5. 2. 43 

4% 

6.0 < 2 0 4 44.0° 

A 2 0 = 1.40" 

0.04O set-' 

20sec. 

p = 5.1cd'L 

5566 

2923 

265 

Zw<iF,I- IF,I)* 

w=l 

0.069 

oUnitceIl paxameterswere derivedfromakastsquares fittothesettinganglesof25~enections. 
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Details of crystal data, measurement of intensity and data processing are 
summarized in Table 1. 

The bright-yellow crystal (a parahelepiped of 0.12 X 0.26 X 0.12 mm3) was 
mounted on a Philips PW 1100 fully automatic fourcircle diffractometer with 
the --b axis nearly coincident witi &xis. The observed intensities and their 
variances were corrected for Lorentz and polarization effects and processed in 
the normal fashion [9]. No absorption correction was made since the CL value is 
low and no significant intensity variation for a given reflection was observed 
when rotating around the azimuthal angle $. The structure was solved using a 
conventional combination of Patterson and Fourier functions, least-squares 
refinements and electron density difference functions_ The largest shift iu any 

Fig. 1. A perspective view of the compkx with the lahell.iug system used in the cr~stallograP=C study. 
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TABLEb 

SELECTEDINTERATOMICDISTANCES(~)= 

(a) Bond lengths in the inner coordination sphere 

w-cl 2.41(l) Pd-P(1) 
Pd-C<l) 1.98<1) Pd-P(2) 

2.33(l) 
2.35(l) 

(bJ Bond distances within the 1,4di&?a-3-methyl-butadiene-2-H group 

1.44<2) 
1.26<2) 
1.52<2) 
l-51(2) 
1.29;21 
1.40<2) 
l-40(2) 
1.40(3) 
1.38<3) 
l-33(3) 
1.49<3) 

cxSk-C<4) 
C<?W<l) 
O<l)--C<lO) 
C<lU-C<12) 
C<l2tc<13) 
cx13I--C~14~ 
C(14I-cxl5~ 
C(15)-CU6) 
CUSFCXll) 
C<14FO<2) 

0<2I-C<17) 

1.41<3) 

1.49<3) 
l-38(4) 
1.41<2) 
1.37<3) 
1.38<3) 
1.40<2) 
l-42(3) 
1.41(2) 
1.37<2) 

l-43(3) 

{c)Bonddistances within the friphenylphosphine l&ands 

P<lJ-C~18) 1.84(l) C<18)--c(23) 
PW-C<24) 1.81(l) C(24I-CX29) 
PW-C(30) 1.82(2) C(3O)--c(35) 
P<2)--c<36) 1.81(l) C<38)--c<41) 
P(2kC(42) 1.83(l) C(42kC<47) 
P(2H<48) 1.83<2) C(48w(53) 

(d) Selected intermolecuhr nonbonding distances 

wtd bmragefor 6 C-C1.40<1) 
1.40<1) 
1.4OW 
1.40(l) 
1.40(l) 
1.41(l) 

Pd a-.- N(1) 3.04 Pd ---- C(2) 3.02 
Pd *.-- N(2) 2.95 I%---- C(16) 3.19 
P(l) ---- C(1) 3.05 - P(2) .a-* C(1) 3.13 

=~henumbesinparenthesesareesd'sinthelastsignificantfigure kted.bWeightedaverage (Uofbond 
lengths, 1, * given by the formula I= X(lil$jlZ(llG%. where Ui is the esd derived from the least- 

squaresrefinement. 

parameterintheZastcycleofrefinementwas0.5 times itsesdandthefinalm 
synthesisexhibitednopeaksgreaterthan 0.6 e A-3. 

The neutral atomicscatteringfactorsusedwerethose ofref.10 andthe 

effects of anomalous dispersion of the Pd, Cl and P atoms were included in the 
calculation of IF, I [11] . 

A copy of the list of structure factors may be obtained by application of the 
authors. 

The moIecularstructureisshownin Fig.l,whichalSodefinestheatomnum- 

beringschemeusedinthetabIes.Positionalandthermalparametersarereported 

in Table 2; the bond distances and bond angles are listed in Tables 3 and 4. 
Details of the mean planes and dihedral angles between planes are given in Ta- 
ble 5. 

The calculationswere performed onaCDC/CYBER'76computer(Centro 
Cakolo Elettronico Interuniversitario RaliaNord-Orientale,Casalecchio- 

Bologna),usingthe X-ray system 112). 
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TABLE4 

SELECTEDBONDANGLES<, 

[a) Angles around the paZZadium atom 

CX-Pd-P(1) 88.X0.2) P(2FPda 
P(l)-Pd--c(l) 89.6(0.4) P(l)-Pd-F<2) 

C(l)-Pd-P(2) 92.1<0.4) Cl-Pd-c<l) 

(b) Angles within the l.Pdiaza-3-methyl-butadiene-2-yZ group 

AngZes within the triphenylphosphine ligands 

Pd-P<lM<lS) 

Pd-P(ljC<24) 
Pd-P<l)-_c(30) 

C<lS)_P<l~~24) 
C<24)-P<lHf30) 

C(lSI-P~1)--c<30) 
P<l2-c<18FC<19? 
P<l)-c<l8H<23) 
P(lFC<24I-CX25) 
P<lI-c;24H<29) 
P<l)--c<30~<31) 
P<l)--c<3OFc<35) 

120.0<0.5) 
109.9(0.5) 
115.0<0.5) 
103.1<0.7) 
101.8(0.7) 
105.5~oo.7) 

121.9U.3) 
116.7(1.0) 
121.4(1.1) 
117.5<1.0) 
120.0(1.2) 
118_1(1_lf 

Pd-P<2)-C<36) 
Pd-P<2)-c(42) 
Pd-P<2)--c(48) 

C(36I-P<2-(42) 
C<42)-P(Z)--c<48) 
C<36+P<2H<48) 
P<2FC<36FC<37) 

P(2)--c(36)--c<41) 
P<2I-C<42)--c<43) 
P<2H<42FW47) 
P(2FC<48I-x<49) 
P<2I+X48fl(53) 

107.1(0.4) 
116.7(0.5) 
118.6<0.5) 
104.2<0.7) 
104.9<0.7) 
103.6<0.7) 
116.7<1.1) 
122.9<1.1) 
118.2<1.1) 
121.7<1.3) 
116XQ.3) 
120.9<1.2 

Results and discussion 

The crystal structure is composed of discrete molecules of trccns-[PdCl- 
(dabyl)(PPh&] , dabyl = 1,4-his@-methoxyphenyl)-l&diaza-3-methylbuta- 
diene-Z-y1 group, separated by normal Van der Waals distances. The palladium 
is fourcoordinated and is surrounded in a roughly planar fashion by two tra;zs 
phosphorus atoms of PPh, ligands, a chlorine atom, and a o-bonded carbon 
atom of dabyl group, as shown in Fig. 1. The inner core of the complex (Fig. 2) 
exhibits a remarkable distortion from square-planar coordination about Pd(II) 
towards a tetrahedral arrangement, the four donor atoms being alternately 
above and below the mean plane (Table 5), and there are some significant 
deviations of angles between *the palladium and its nearest neighbours from 
their ideakzed values of 90” or 180” (for example, P(I)-Pd-P(Z) angle is only 
166-l” ) (Table 4). These facts can be primarily attributed to overcrowding 
caused by the bulky PPh, ligands. The Pd-P(l) and Pd-P(2) bond lengths 
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PPh, 

PPh, 

(2.33(l) and 2.35(l) 8, respectively) are shorter than the single-bond covalent 
radii sum (2.41 Ai) [13], whereas the Pd-CI bond (2.41(l) A) is greater than 
predicted (2.30 d) (l-31+ 0.99 8) [13,14]_ The Pd-P distances are in accord: 
with the values found in a variety of palladium complexes [ 151 and the role of 
r-bonding in the tram influence has been reviewed 1161. The lengthening of 
Pd--Cl bond is mainly due to the “structural” influence [ 171 of the tran.s ligand 
(the a-bonded dabyl group) and accounts for the low value (265 cm-‘) of the 
y(Pd-Cl) vibration [ 3]:_ As can be seen from Table 6, the Pd-Cl bond length 
falls within the range of Pd-Cl distances observed for palladium complexes 
containing a chloride ligand tnms to a Pd-C a-bond, whereas for the complexes 
of the type eis-[PdC&(NN)], ck-[PdCl,(SS)] and cis-[PdCl,(SN)] the Pd-Cl 
bond lengths vary within the narrow range 2.30-2.33 d [ 181. 

The geometry of the PPh, ligands (Table 3 and 4) agrees quite well with that 
found in many similar structures and does not call for further comment. The 
Pd-C(l) length (1,98(l) A) is somewhat shorter than the sum of covalent 
radii for a Pd-C(sp*) bond (1.31 f 0.74 A) 1131, but is consistent with the val- 
ues observed in other complexes containing a Pd-C(sp*) o-bond, as reported in 
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TABLE 5 

LEAST-SQUARES PLANES OF THF. FORM i’% f Qy t Rz = S. WHERE x. y. L ARE FRACTIONAL 
COORDINATES 

Plane no. Atoms 

1 -a. P<l). P<2), cm 
2 c~4-ci9) 

3 C<ll)--c<16) 
4 C<lSM23) 
5 C<24)--c<29) 
6 C(3OI--c<35) 
7 C<36H<41) 
8 C<42+C<47) 
9 C<48)-C(53) 

lo N(2VC(lVC(2tiN(l) 

P - 

1.690 14.193 1.383 3.712 
0.506 -5.923 9.684 0.303 

12.583 -5.837 1.032 3.501 
10.325 -7.919 -2.124 -:.600 

13.837 4.967 5.063 3.629 

1,731 4.187 9.588 0.931 
14.402 5.472 2.280 6.137 
1.042 10.182 -7.115 3.074 

4.748 5.862 8.592 -4x666 
10.614 -1.047 -6.101 1.409 

Q R S 

Distances (A) of atoms from the ~hnes a 
Plane no. 

1 ~~.17;P(l).0.19;P(2).0.18;C(1).~.20;tPd1.~.09~ tN<W.2.12:CN<2)1. 
-l.24;[C(2)],1.07; CC(3)1.0.97 

2 [N(1)].0.08;[C<2)].0.98; CO<i)l.O.l2; CC(1O)l.O.Ol; CPdl.--o.55 
3 [N(2)].0.01;[C(1)1.--0.74; Co<2)1,-9.04; EC<17)1.+.19; Wdl.--1.99 

10 N(2),-0.05; C(1).0.05;C(2).0.05;N<1).~.05: LPdl. 0.03:[C&-0.07:Cc(3)3. 
0.02:[C<11)1.--0.21:fC~4)1.-0.21 

Dihedmlangles(": between planes 

l-2 69.0 2-lo 59.0 4-6 82.7 

1-3 64.2 3-10 44.3 7-8 77.0 
l-10 82.1 4-5 65-6 &--9 74-2 

2-3 76.8 6-6 74.5 7--9 80.4 

Table 6; In Table 6 some representative Pd-C(sp’) bond-distances are also 
listed in order to show the lengthening of Pd-C with the change of hybridiza- 
tion at the carbon atom. There appears, therefore, to be little, if any, n-bonding 
interaction between palladium aud the o-bonded dabyl group. This structural 
result alone does not account for the stability of the Pd-C bond towards elec- 
trophilic cleavage [3] and the inertness of the Pd-C=N group towards acid 
catalyzed hydrolysis [ 71. This behaviour is to be ascribed either to steric hin- 
drance of the trans phosphine ligands or to electronic stabilization resulting 
from monoprotonation of dabyl group. The nitrogen atoms of this group, at 
2.95(Z) and 3.04(Z) A away from palladium, are clearly not bonded to the 
metal in this molecular structure, as had been suggested previously for the 
closely related compound [PdI {C(=NC&I1l)C(Me)=NC&I1l} (PMezPh),] [ X9]- 
Thus the sterically hindered rotation around the Pd-C bond seems to be the 
most reasonable explanation for the magnetical nonequivalence of the phos- 
phine-methyl groups in the latter complex. 

As can be seen from the Figures, the u-bonded dabyl group assumes a truns 
configuration with anti p-C&I,--OMe N-substituents. The N= C-C=N frag- 
ment is virtually planar, and its mean plane is nearly normal (82.1”) to the 
mean coordination plane. The carbon-nitrogen bond lengths are of two types: 
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TABLE d 

DISTANCES (A) IN SOME MONOMERIC PALLADIDM~~ARBON a-BONDED COMPLEXES 

Pd-C Pd-P Pd-Cl = Ref. 

CPdCW.WW%N&WI 1.95 

EPd<NCS)<o-cCCs%C~)<Pn3)21 1.95 

CPdQ2(MeHNCOCH3)21 1.96 

CPdQ<COCO2CH3)<PPh3)21 1.97 

[PdCl<MDAP)<NH2CH<Ne)~)] a 1.97 

CPdclCC(N-p_C,H40Me)d(Me)N-~C~~OM=} @Ph3)21 1.98 

C<~-~~4Nl%PdCBrW-NE<o-N)1 6 1.98 

CPd(dmba)<saINPh~l = 1.98 

CPdC’KAzbMPEtg)21 d 1.99 

CPdBr{C4(COOMe)4H)(Pph3)~1 1.99 

CPd{OC(Me)CHGOMe)C<CF3)C~CF3)}21 1.99 

CPd<acacl<C4m40Et)(PNe2~)l 2.00 

[Pa C~C(M~)CH(C~N~)C(CF~)C<CFB)) {me2~~2~6~}l 2.00 

CPdCl<C-N)(PEt3)2] ’ 2.01 

CPd@cW {C~Ne~CH(ptolyl)CH~~l 2.02 

CPd{(C~H~)<CH$H(OH)(CH2)2CHCH(CH2)2}l 2.03 

CPd<C2H202)@y)(PPWl 2.03 

C~~~HC~(CO~M~)B)@Y)~I 2.04 

CPdCl<CH&OCH~COOCH2Fi0&w)21 2.05 

[Pda(CH-t-BuCHCHC(ClWBu)(MesSCH2CH2SMe)] 2.06 

CPd(==)+‘=g) - 0.6 CgIIgl 2.11 

CPd=(C7HsONe)(Py)21 2.16 

2.32 

2.32 

2.34 

2.31 

2.35 

2.38 

2.23 

2.32 2.41 

2.39 

2.37 

2.43 

2.45 

2.41 

2.23 

2.51 

2.26 

25 

26 

27 

28 

29 

f 

30 

31 

32 

33 

34 

35 

34 

30 

36 

37 

38 

39 

40 

41 

42 

43 

= NDAP = <2inethoxy-3-N.N~ethylaminopropylCl.lv_ b C-N=N~henylamino)-cr-methylbenzylbeyl- 
idenixn&o_2-C,N; C dmba = N,N_dimethylbenzxyl,sninylamine; SalNPh = N-phenykalicyklditie. d Azb = 2- 

(phenylazo)phenyL e In tmns position to a Pd-C bond. f Present work. 

(i) C(ph)-N l-44(3) and l-40(3) A; (ii) N=C 126(Z) and 1.29(2) fl, while the 
C(l)-C(2) bond is l-51(2) A. 

From a structural point of view this corresponds to two C=N groups joined 
by a single C(sp”)-C(sp2) bond. However, the planarity of the diazabutadiene 
moiety implies the presence of n-electron delocalization over the four atoms of 
the cohjugated double-bond system, in the same way as reported for the Pans 
planar 1,8butadiene molecule, for.which the followiug distances have been 
determined: C=C 1.34(l) and C-C 1.48(l) L% [ZO]. The slightly longer C(l)- 
C(2) bond and the shorter C=N bonds in the dabyl group are probably related 
to the higher electronegativ5ty of the nitrogen atoms. 

The phenyl rings of the N-sirhstituents do rrot interact with the ~~ystem of 
the diazahutadiene moiety, as they are rotated by 59” and 44” out of the 
N=C-C=N plane, and form each other a dihedral angle of 76.8” (Table 5). 

The remainirig average bonding parameters of the dabyl ligand agree satis- 
factorily wi@ the-accepted values 1133, even though the methoxy groups, 
being the most flexible moieties, experience high thermal motion and/or dis- 
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order and hence bond distances and angles k these portions of the complex are 
not representative, 

It is likely that the dabyl group retains its tins configuration in the other 
organometallic Pd11-1,4diazabutadienes, which can be prepared from [PdCl- 
(dabyl)(PPh,),] either by substitution reaction at the Pd centre or by change 
of substituents at the imino atoms [ 3-71. This would agree with the ‘H NMR 
results, which indicate that in this class of derivatives in soIution the o-bonded 
1,4-d&a-3-methylbutadiene-2-yl Iigand assumes only oqe of its possible con- 
figurations. 

The molecular structure accounts also for some typical features of the ‘H 
NMR spectrum of [PdCl(dabyl)(PPh,),] in CD& [ 31. Thus, the down-field 
shift of the ortho protons of tbep-C&I,OMe group at position 1 on the diaza- 
butadiene chain resuIts from the deshiekling effeckof the palladium atom in 
close proximity (Pd-C(l6) = 3.19 A., with 9 calculated Pd-H distance of 
2.69 d, by assuming an H-C(l6) bond length of 1.08 A) 121,223. On the other 
hand, the resonance of the methyl group at position 3 is shifted up-field 
[ G(C--Me) 1.29 ppm] relative to the corresponding signal of the organic diaza- 
butadiene R-N=C(Me)--C(Me)=N-R (R = p-C&,OMe) [G(C-Me) 2.10 ppm] 
[23]. This is mainly due to the shielding effect of the phenyl ring current of 
the two mutually trans PPh,.ligands, as can be inferred from the reIative posi- 
tion of the methyl group, indicated by C(3) in Fig. 1. 

This is further supported (i) by the down-field shift trend of G(C-Me) upon 
progressive sukstitution of phenyl by methyl groups in the phosphine ligands of 
the closely related series of complexes, trans-[PdI(C(=NC~,,)C(Me)=NC,H,,)- 
(PMe,Ph3_X),] : x = 0,6 1.19: x = 1, 6 1.57; x = 2,6 2.04; 3t = 3, i? 2.34 ppm 
f19]; and (ii) by the down-field shift of G(C-Me) in the following compounds 
having only one phosphine ligand cis to the dabyl group: [PdCl(dabyl)- 
(diphos)], 6 1.88 [4];‘[Pd(dmtc)(dabyl)(PPhJ)1 6 1.87 [24]; [Pd(acac)(dabyl)- 
(PPh,)] 6 1.88 or 1.83 ppm [23]. 
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