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The lone pair on the amine nitrogen of the complexes [PdCl(o-C,H,-C(R)=N-NHPh)L] shows little tendency to coordinate, 
and removal of C1- with TI[C104] does not afford dimers but monomers with coordinated FBF; or OCI0,- in place of C1-. Removal 
of HCI with NaOMe renders the deprotonated nitrogen very coordinating, and deeply colored C,N-chelate, N,N’-bridged dimers 
[Pd(o-c,H,-c(R)=N-NPh)L]2 (R = Me, Ph; L = P(OMe),, 4-methylpyridine) are produced. The structure of one of them 
(R = Me; L = P(OMe),) was determined [crystal data: monoclinic, space group P2, /n ,  a = 13.477 (2) A, b = 19.546 (3) A, 
c = 14.231 (3) A, @ = 97.43 (2)O, Z = 4, R = 0.057, R, = 0.069 based on 7081 independent reflections]. The dipalladacycle 
Pd2N4 has a butterfly shape with a hinge along the deprotonated nitrogen atoms and a Pd-Pd nonbonding distance of 3.788 (1) 
A. 
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Introduction 
Cyclometalated complexes are a common and important type 

in alladium chemistry.’ The dinuclear complexes [Pd- 
(C%)(p-X)] ,  (0 = orthopalladated ligand, X = bridging 
halide or carboxylate) are ubiquitous and so are the mononuclear 
complexes derived from them by bridge-splitting reactions. Some 
complexes have been described in which the nitrogen atom bears 
a substituent that  is able to coordinate to the same palladium atom, 
thus blocking three coordination sites of the mononuclear unit.2-* 
We have focused our attention on orthometalated complexes of 
aryl ketone phenylhydrazones 1 and 2, in which the N atom bears 
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I ,  R = Me - 
2,  R = Fh - 

a N’ sustituent that  is unable t o  coordinate to the same palladium 
atom but could perhaps be forced t o  coordinate t o  a second 
palladium atom t o  obtain C,N-chelate, N,N’-bridged complexes; 
in this case the resulting complexes should provide an interesting 
variation of t h e  complexes (Pd[q-(C?\r)-pC(C,F,PPh,)= 
NMe] Br)? and (Pd [ q-( cchr)-p-C( C6H4CH,SMe)=N-t-Bu] - 
Brl2,lo which also contain ligands tha t  are Pd-chelating and 
Pd,Pd’- bridging. 

Experimental Section 
General Data. All preparations were performed under argon by using 

standard Schlenk techniques. IR spectra were obtained on a Perkin- 
Elmer 577 instrument as KBr disks or Nujol mulls, and VUV spectra, 
on a Perkin-Elmer 554 instrument. ’H NMR spectra were recorded on 
a Perkin-Elmer Hitachi R-24 B instrument at 60 MHz. Optical activity 
measurements were made in toluene solutions with a Perkin-Elmer Model 
241 polarimeter. Molecular weight determinations were carried out in 
benzene (ca. 0.01 m )  solutions on a Knauer vapor pressure osmometer. 
Elemental analyses were made on a Perkin-Elmer 240B instrument. 

’ Facultad de Ciencias, Universidad de Valladolid. * Colegio Universitario de Burgos, Universidad de Valladolid. 
‘Universite Pierre et Marie Curie. 

Syntheses. Starting dimers 1 and 2 were prepared as previously re- 
ported.” Sodium methoxide was prepared in methanol solution by 
careful treatment of a small piece of sodium with methanol and further 
titration with hydrochloric acid (1 N). Other reagents were from com- 
mercial sources. 
(Pd[C,H,C(Me)=NNH(Ph)](p-OOCMe)), (3). To a suspension of 

1 (0.52 g, 0.755 mmol) in acetone (40 mL) was added thallium acetate 
(0.5 g, 1.9 mmol). After 30 min of stirring, the mixture was filtered and 
the solution evaporated to dryness. The residue was treated with di- 
chloromethane (20 mL) and the mixture filtered. Addition of hexane 
and concentration afforded complex 3 as an orange powder (0.4 g, 75%). 
(PdcqC,H,C(Me)=NNH(Ph)lP(OMe),]) (9). To a suspension of 

1 (OS g, 0.712 mmol) in dichloromethane (10 mL) was added trimethyl 
phosphite (0.09 g, 0.72 mmol). Stirring for 5 min, filtration, addition 
of hexane, and concentration led to a yellow solid in nearly quantitative 
yield. 

Complexes 4-8 and 10 were prepared in the same way. Yields were 
almost quantitative. 
{Pd(FBF,)[C,H,C(Me)=NNH(Pb)XP(OMe),]] (11). To a solution 

of 9 (0.3 g, 0.63 mmol) in acetone (20 mL) was added TIBF, (0.2 g, 0.68 
mmol). After 15 min of stirring, the mixture was filtered and the solvent 
pumped off. Addition of dichloromethane (15 mL), filtration, and 
evaporation to dryness under vacuum led to 11 as a yellow solid (0.3 g, 
91%). Complex 12 was prepared in the same way (90%). 

Safety Note. Perchlorate complexes are potentially shock-sensitive and 
may explode or ignite on contact with organic material. They should be 
handled with care and prepared only on a small scale. 
(P~[C,H,C(M~)=NNH(PII)~P(OM~)~]~](BF~) (14). To a solution 

of 9 (0.3 g, 0.63 mmol) in acetone (20 mL) were added trimethyl 
phosphite (0.08 g, 0.65 mmol) and TlBF, (0.2 g, 0.69 mmol). After 15 
min of stirring, the suspension was filtered and the solution evaporated 
to dryness. The residue was treated with dichloromethane (15 mL) and 
the mixture filtered again. Addition of hexane and concentration af- 

(1) Reviews: Omae, I. Organometallic Coordination Compounds. J .  Or- 
ganomet. Chem. Libr. 1986, 18. Maitlis, P.; Espinet, P.; Russell, M. 
J. H. Palladium. In Comprehensive Organometallic Chemistry; Wil- 
kinson. G.. Stone. F. G. A.. Abel. E. W.. Eds.: Peraamon Press: Oxford. . . -  . .  
U.K., ‘1982; Vol.’ 6. 
Kasahara, A.; Izumi, T.; Maemura, M. Bull. Chem. Soc. Jpn. 1977,50, 
1878. 
Clerici, M. G.; Shaw, B. L.; Weeks, B. J. Chem. Soc., Chem. Commun. 
1973, 516. 
Nonoyama, M. Inorg. Nucl. Chem. Lett. 1977, 13, 413. 
Nonoyama, M.; Sugimoto, M. Inorg. Chim. Acta 1979, 35, 131. 
Steiner, E.; L’Epplateiner, F. A. Helv. Chim. Acta 1978, 61, 2264. 
Mahapatra, A. K.; Bandyopadhyay, D.; Bandyopadhyay, P.; Chakra- 
vorty, A. Inorg. Chem. 1986, 25, 2214. 
Sinha, C.; Bandyopadhyay, D.; Chakravorty, A. Inorg. Chem. 1988,27, 
1173. 
Usbn, R.; ForniBs, J.; Espinet, P.; GarGa, A.; Tomis, M.; Foces-Foces, 
C.; Cano, F. H. J .  Organomet. Chem. 1985, 282, C35. 
Dupont, J.; Pfeffer, M.; Daran, J. C.; Jeannin, Y. Organometallics 1987, 
6, 899. 
Cockburn, B. N.; Howe, D. V.; Keating, T.; Johnson, B. F. G.; Lewis, 
J. J .  Chem. SOC., Dalton Trans. 1973, 404. 
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forded complex 14 as a yellow solid (0.35 g, 85%). The same procedure 
was used for the preparation of complex 13 (80%). 
(Pd[C,H,C(Me)=NNPbl[P(OMe),lJ, (17). To a solution of 9 (1 g, 

2.1 mmol) in dichloromethane (20 mL) was added a solution of NaOCH, 
(2.1 mmol) in methanol (20 mL). Concentration under vacuum afforded 
complex 17 as a black crystalline solid (0.74 g, 80%). 

Complexes 15, 16, and 18 were prepared in the same way in 60-80% 
yields. 
(Pd(ooCMe)[C6H,C(Me)=N"(Ph)XP(OMe)3]l (19). Metbod A. 

The procedure used in the synthesis of complex 9 was employed. The 
starting compound was 3 (0.2 g, 0.27 mmol). Yield: 0.25 g, 94%. 

Method 9. To a solution of 17 (0.2 g, 0.23 mmol) in dichloromethane 
was added acetic acid (0.028 g, 0.46 mmol). After 5 min of stirring, 
hexane (10 mL) was added and concentration afforded a yellow solid (0.2 
g, 88%). 

X-ray Data Collection and Solution and Refinement of 17. Dark blue 
crystals were obtained from dichloromethane/hexane diffusion. A par- 
allelepipedic crystal of dimensions 0.55 X 0.40 X 0.35 mm was used for 
intensity data collection; further details are given in Table I. A CAD4 
Enraf Nonius diffractometer was used (w/20 mode with scan width (1.1 
+ 0.34 tan O ) O ,  graphite monochromator, Mo K a  radiation, O range 
1-25', -16 I h 5 16, 0 I k I 23, 0 5 1 5  16). A total of 7081 
independent reflections measured with 5021 F L 3 4 7 )  were used for 
refinements. Two standard reflections were measured every 2 h, no 
deviation being observed. An empirical absorption correction using + 
scans of two reflections was applied. 

Both independent palladium atoms were found on a Patterson map, 
and all other atoms, in subsequent Fourier maps. Hydrogen atoms were 
geometrically positioned. A disorder occurs for the phosphite group P(2); 
a difference map revealed two possible positions for 0(5) ,  0(6) ,  C(54), 
and C(55), with about the same electron density values. Nevertheless 
only one peak was found for O(4) and C(56). The population parameters 
for disordered atoms converged to values in the range 47-5376 when 
considered as free parameters. They were then fixed at 50%. Although 
the phosphite group P( 1) is not disordered, its thermal motion is sig- 
nificantly high and the methyl H atoms were not included in the calcu- 
lation. All heavy atoms but oxygen and carbon of the disordered ligand 
were anisotropically refined. Least-squares refinements in four blocks 
with CRYSTALS~~ were carried out. The weighting scheme is w = wl l  - 
[(F, - F , ) / ~ u ( F , ) ] ~ } ~  where w' = l/xFI,3A,T,(X) with three coefficients 
A = 7.56, 1.05, 4.62 for the Chebyshev polynomial T,(X) with X = 
F , / F , ( ~ ~ x ) . ' ~ J ~  The atomic scattering factors with anomalous disper- 
sion corrections were taken from CRYSTALS. 

Final R was 5.7%, and final R, was 6.9%. Maximum shift/esd was 
0.04. The largest peaks in the last difference map (0.7 e A-3) were in 
the vicinity of the disordered phosphite. Atomic and thermal parameters 
are listed in Table 11. 
Results 

Orthopalladation of acetophenone N-phenylhydrazone (APPH) 
and benzophenone N-phenylhydrazone (BPPH) to the starting 
complexes 1 and 2 is achieved conveniently in both cases by Cope's 
procedure,14 as described for complex 2." Complex 1 has been 
prepared previously by an alternative method.I5 In order to try 
different approaches to obtain N,N'-bridged dimers, some de- 
rivatives of l were prepared by trivial procedures; for 2 only those 
derivatives which had proved successful were made. Thus, complex 
3 was prepared from 1 and thallium acetate, whereas bridge- 

Espinet e t  al. 
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(12) Carruthers, J.  R.; Watkin, D. J. CRYSTALS, an advanced crystallo- 
graphic computer program; Chemical Crystallography Laboratory, 
Oxford University: Oxford, U.K., 1985. 

( I  3) Prince, E. Mathematical Technique in Crystallography; Springer 
Verlag: Berlin, 1982. 

(14) Cope, A. C.; Siekman, R. W. J .  Am. Chem. SOC. 1965, 87, 3272. 
(15) Dehand, J.; Pfeffer, M.; Zinsius, M. Inorg. Chim. Acta 1975, 13, 229. 

Table I. Crystallographic Data - -  
C34H42N406P2Pd2 space group P2,/n 
MW = 877.5 T = 18 OC 
a = 13.477 (2) ..& 
b = 19.546 (3) 8, 
c = 14.231 (3) 8, 
p = 97.43 (2)O 
V = 3717 (2) 
z = 4  R, = 0.069 

X = 0.7107 8, 
pals = 1.57 g 
p = 10.85 cm-I 
transm coeff = 1 .OM).89 
R = 0.057 

Table 11. Atomic and Thermal Parameters 

atom x l a  
Pd(1) 0.01321 (4) 
Pd(2) 0.23293 (4) 
N( l )  0.1669 (5) 
N(2) 0.0883 (4) 
N(3) 0.0360 (4) 
N(4) 0.2388 (4) 
C(l)  0.1925 (7) 
C(2) 0.0479 (5) 
C(11) 0.1113 (7) 
C(12) 0.0139 (7) 
C(13) -0.0660 (9) 
C(14) -0.047 (1) 
C( 15) 0.049 (1) 
C(16) 0.1289 (9) 
C(17) 0.3003 (8) 
C(21) 0.1129 (6) 
C(22) 0.2085 (6) 
C(23) 0.2677 (8) 
C(24) 0.237 (1) 
C(25) 0.145 (1) 
C(26) 0.0800 (8) 
C(27) -0.0574 (6) 
C(31) 0.0262 (5) 
C(32) 0.0653 (6) 
C(33) 0.0522 (8) 
C(34) 0.0017 (9) 

C(36) -0.0238 (5) 
C(41) 0.2379 (6) 
C(42) 0.1939 (7) 
C(43) 0.2009 (9) 
C(44) 0.252 (1) 
C(45) 0.2983 (9) 
C(46) 0.2914 (7) 
P(1) -0.1505 (2) 
P(2) 0.3881 (2) 
0 ( 1 )  -0.1875 (4) 
O(2) -0.1968 (6) 
O(3) -0.2239 (6) 
C(51) -0.2882 (8) 
C(52) -0.144 (1) 
C(53) -0.204 (1) 
O(4) 0.4566 (7) 
O(5a) 0.4410 (9) 
O(5b) 0.4616 (8) 
O(6a) 0.419 (1) 
O(6b) 0.391 (1) 
C(54a) 0.538 (1) 
C(54b) 0.466 (2) 
C(55a) 0.543 (1) 
C(55b) 0.495 (2) 
C(S6) 0.340 (1) 

C(35) -0.0367 (7) 

a Isotropic (1. 

~ ~~ 

Y l b  
0.31777 (3) 
0.33286 (3) 
0.3228 (3) 
0.2983 (3) 
0.2598 (3) 
0.2913 (3) 
0.3632 (4) 
0.3163 (4) 
0.3959 (4) 
0.3811 (4) 
0.4138 (5) 
0.4583 (6) 
0.4697 (5) 
0.4390 ( 5 )  
0.3752 (5) 
0.3558 (4) 
0.3723 (4) 
0.41 15 (5) 
0.4313 (6) 
0.4145 (6) 
0.3770 (5) 
0.2974 (6) 
0.1913 (3) 
0.1585 (4) 
0.0890 (5) 
0.0498 (4) 
0.0806 (4) 
0.1496 (4) 
0.2206 (4) 
0.1873 (4) 
0.1149 (5) 
0.0782 (5) 
0.1107 (5) 
0.1804 (4) 
0.3211 (1) 
0.3711 (2) 
0.2640 (4) 
0.3909 (4) 
0.3134 (4) 
0.2459 (9) 
0.4383 (8) 
0.2594 (7) 
0.3487 (4) 
0.3288 (6) 
0.3745 (6) 
0.4471 (5) 
0.4522 (5) 
0.390 (1) 
0.2765 (7) 
0.339 (1) 
0.3089 (9) 
0.4976 (7) 

~ ~~~ 

z / c  
0.03060 (4) 
0.10943 (4) 
0.0734 (4) 

-0.1467 (4) 
-0.0881 (4) 

0.0283 (4) 
0.1451 (5) 

-0.2311 (5) 
0.1860 (5) 
0.1426 (5) 
0.1791 (7) 
0.2582 (8) 
0.2991 (6) 
0.2641 (6) 
0.1820 (7) 

-0.2850 (5) 
-0.2417 ( 5 )  
-0.2926 (7) 
-0.3849 (9) 
-0.4272 (7) 
-0.3798 (6) 
-0.2682 (6) 
-0.1077 (5) 
-0.1815 (5) 
-0.1968 (7) 
-0.1397 (8) 
-0.0650 (7) 
-0.0485 (6) 

0.0381 (5) 
0.1075 (6) 
0.1 166 (7) 
0.0569 (9) 

-0.0099 (8) 

-0.0089 (2) 
-0.0853 (2) 
-0.0838 (6) 
-0.0476 (8) 

0.0690 (7) 
-0.118 (1) 
-0.098 (1) 

0.137 (1) 
-0.1623 (6) 

0.0126 (7) 
0.0042 (7) 

-0.061 (1) 
-0.1095 (9) 
-0.188 (2) 
-0.178 (2) 

0.056 (1) 
0.038 (1) 

-0.055 (1) 

-0.0210 (7) 

U(equiv), A2 

0.0443 
0.0410 
0.0495 
0.0394 
0.04 16 
0.0470 
0.0548 
0.0453 
0.0548 
0.0546 
0.0779 
0.0835 
0.0794 
0.0664 
0.0736 
0.048 1 
0.0527 
0.0727 
0.0902 
0.0775 
0.0680 
0.0684 
0.0412 
0.0562 
0.0754 
0.0760 
0.0684 
0.0533 
0.0465 
0.0584 
0.0785 
0.0833 
0.0830 
0.0625 
0.0614 
0.0793 
0.0843 
0.1067 
0.0915 
0.1132 
0.1 174 
0.1092 
0.131 (3)" 
0.085 (4)" 
0.086 (4)" 
0.161 (8)' 
0.107 (5)' 
0.108 (8)' 
0.15 (1)' 
0.085 (6)' 
0.096 (7)" 
0.186 (8)" 

splitting reactions with several monodentate ligands afforded 
complexes 4-10 (Analytical, IR, and IH N M R  data are given 

- 4 R = Me, L = piperidine 
R = Me, L = morpholine 

F / L  

- 6 R = Me, L = 3-methylpyridine 

7 R = Me, L = 4-methylpyridine 
_S R = Ph, L = 4-methylpyridine 
9 R = Me, L = P(OUe)3 

- 10 R = Ph. L = P(OUe)3 

Pd 
R "1 'Cl 

I 
PhO'\H 
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- 

Me %<: I 

- 17 R = Me, L = P(0)lle)g 
18 - R = Ph, L = P(0Uelg 

7,8, and 10 behaved similarly to give 15, 16, and 18; in contrast, 
4,5, and 6 when treated with NaOMe produced orange solutions 
that were not further investigated. Hence, the reaction is quite 
influenced by the ancillary ligand, and it is worth noting that 
treatment of [PdCl(C%)(Ph2PCH2C(0)Ph) (C% = ortho- 

BF4 
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c4& 

LL, 
C 52 

Figure 1. 
scheme. 

Molecular structure of 17 showing the atom numbering 

The dinuclear nature of complexes 15-18 was confirmed by 
their molecular weights in benzene solution and by the X-ray 
diffraction study of complex 17, which is described below. The 
molecule is chiral and is obtained as a racemic mixture of the two 
enantiomers; their solutions show no optical activity, and the crystal 
studied is also racemic. 

The origin of the deep color was studied for complex 17; it is 
associated with a charge-transfer band, as indicated by its high 
extinction coefficient (e = 4400 mol-’ cm-l, c = 0.7 X lo4 M) 
and by the dependence of its energy upon the polarity of the 
solvent,” as measured by &;I8 a linear dependence h (nm)/ET 
(kJ/mol) is found in the following solvents: benzene (508/144.3), 
dichloromethane (492/ 172.0), acetone (490/176.6), and aceto- 
nitrile (484/192.5). 

The reversibility of the deprotonation reaction was studied for 
complex 17 (eq 2).  Complex 17 is protonated with HC1 to re- 

I 
N 

Ph’ ‘H 
9 x = c 1  
19 X = OAC 
- 
- 

17 - 
generate 9 or with HOAc to produce complex 19, which can be 
independently obtained by bridge splitting of 3 with P(OMe), and 

Espinet e t  al. 

P2 

c12 

Figure 2. Alternative view of the basic skeleton of 17. 

Table IV. Selected Interatomic Distances (A) and Angles (deg) 
Palladium Coordination 

Pd(1)-N(1) 2.084 (7) Pd(2)-N(2) 2.067 (5) 
Pd(1)-N(3) 2.089 (5) Pd(2)-N(4) 2.115 (6) 
Pd(1)-C(12) 2.019 (7) Pd(2)-C(22) 2.021 (7) 
Pd(1)-P(1) 2.207 (2) Pd(2)-P(2) 2.206 (2) 

N(3)-Pd(l)-N(l) 91.0 (2) N(4)-Pd(2)-N(2) 91.9 (2) 
C(l2)-Pd(l)-N(l) 81.0 (3) C(22)-Pd(2)-N(2) 81.4 (3) 
C(12)-Pd(l)-N(3) 170.6 (3) C(22)-Pd(2)-N(4) 172.9 (3) 
P(1)-Pd(1)-N(1) 175.1 (2) P(2)-Pd(2)-N(2) 174.1 (2) 
P(1)-Pd(1)-N(3) 93.3 (2) P(2)-Pd(2)-N(4) 93.7 (2) 
P(l)-Pd(l)-C(l2) 94.5 (3) P(2)-Pd(2)-C(22) 93.0 (3) 

Ligand 
N(l)-N(4) 1.375 (8) N(2)-N(3) 1.382 (7) 
N( 1 )-C( 1 ) 1.300 (9) N(2)-C(2) 1.301 (8) 
N(3)-C(31) 1.371 (8) N(4)-C(41) 1.388 (9) 
C(1)-C(l1) 1.45 (1) C(2)-C(21) 1.46 (1) 
C( 1)-C( 17) 1.50 (1) C(2)-C(27) 1.50 (1) 
av phenyl C-C 1.39 (2) 

N(4)-N(l)-Pd(l) 125.3 (4) N(3)-N(2)-Pd(2) 124.0 (4) 
C(1)-N(1)-Pd(1) 114.3 (5) C(2)-N(2)-Pd(2) 114.8 (4) 
C(1)-N(1)-N(4) 120.3 (7) C(2)-N(2)-N(3) 121.2 (6) 
N(2)-N(3)-Pd(l) 109.4 (4) N(l)-N(4)-Pd(2) 108.4 (4) 
C(31)-N(3)-Pd(l) 132.5 (5) C(41)-N(4)-Pd(2) 118.4 (5) 
C(3i)-N(3)-N(2) 116.8 (5) C(41)-N(4)-N(l) 112.6 (6) 
C(l1)-C(1)-N(1) 116.2 (8) C(21)-C(2)-N(2) 114.7 (6) 
C(l7)-C(l)-N(l) 121.4 (8) C(27)-C(2)-N(2) 121.7 (7) 
C(l7)-C(l)-C(ll) 122.4 (7) C(27)-C(2)-C(21) 123.6 (7) 
C(12)-C(ll)-C(1) 116.5 (7) C(22)-C(21)-C(2) 118.4 (6) 
C(ll)-C(l2)-Pd(l) 111.9 (5) C(21)-C(22)-Pd(2) 110.8 ( 5 )  
av phenyl C-C-C 120 (1) 

contains an acetate ligand acting as monodentate. Complex 17 
is not protonated by acetylacetone (Hacac); on the contrary, 
complex 9 is deprotonated to 17 when treated with Tl(acac), 
although this method is not an improvement on that using 
NaOMe. 

Disclrssion of the X-ray Structure of Complex 17. The molecular 
structure of complex 17 and the atom numbering scheme are 
shown in Figure 1 .  An alternative view of the basic skeleton of 
the dimer is shown in Figure 2. Selected bond lengths and bond 
angles are given in Table IV. 

The structure consists of a dimer and the geometry around the 
palladium atoms is approximately square planar. Each palladium 
atom is ligated to a trimethyl phosphite ligand, to the imine 
nitrogen of a first APPH molecule, to the ortho carbon of the 
phenyl ring to which this imine group is attached, and to the 
deprotonated amine nitrogen of a second APPH molecule. 

The two five-membered orthopalladacycles are very similar to 
that found in the relatedI9 [ P d ( n ) C l B r ] -  anion; small angles 

(17) See, for example: Chaudhury, N.; Puddephatt, R. J .  J .  Organomet. 
Chem. 1975,84, 105. Espinet, P.; Bailey, P. M.; Maitlis, P. M. J .  Chem. 
SOC., Dalton Trans. 1979, 1542. 

(18) Reichart, C. Angew. Chem., Int. Ed. Engl. 1965, 4 ,  29. 
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3a 3b 
Figure 3. Schematic representation of the two types of dipalladacycle 
discussed in the text. 

of 8 1 .O and 8 1.3' are subtended by the chelating atoms N (  1)- 
C( 12) for Pd( 1) and N(2)42(22) for Pd(2), which are comparable 
to the angle of 80.02 (0.23)' reported in ref 19. 

The six-membered dipalladacycle Pd( 1)-N( l)-N(4)-Pd(2)- 
N(2)-N(3) has a butterfly shape with a dihedral angle of 118.5' 
around its N(3)-N(4) hinge. The nonbonding Pd( 1)-Pd(2) 
distance is 3.788 (1) A. This nonbonding Pd-Pd distance is much 
larger than the nonbonding Pd-Pd distances found in the related 
six-membered dipalladacycles with imidoyl bridges,9J0*22 which 
are close to 2.9 A. This huge difference is mainly due to the 
planarity of the five-membered orthopalladacycles, which, with 
an sp2 hybridization in the N(1) and N(2) atoms, forces dihedral 
angles N(4)-N( l)-Pd(l)-N(3) and N(3)-N(2)-Pd(2)-N(4) very 
close to 0'. This can be clearly seen for Pd( 1) in Figure 1. The 
palladium planar surrounding includes the orthopalladated phenyl 
ring, and a mean-square-plane calculation including Pd( l ) ,  P( l ) ,  
C ( l ) ,  C(17), N(1), N(3), N(4) and the phenyl ring C(11) to 
C(16) shows that the largest deviation occurs a t  N(3), which 
deviates only by 0.1 A. In the case of Pd(2) and equivalent atoms, 
the largest deviation is 0.07 A at  P(2). 

Figure 3 shows schematically the relationship between the 
structure of complex 17, 3a, which is seen as a butterfly with a 
hinge through A,D (the amine N atoms) and that of imidoyl- 
bridged complexes, 3b, which is better seen as a butterfly with 
a hinge through C,G (the Pd atoms). In order to move from 3a 

(20) Usbn, R.; ForniC, J.; Espinet, P.; Lalinde, E.; Jones, P. G.; Sheldrick, 
G. M. J .  Chem. SOC., Dalron Tram. 1982, 2389. 

(21) Usbn, R.; Fornids, J.; Espinet, P.; Lalinde, E.; Jones, P. G.; Sheldrick, 
G. M. J .  Organomer. Chem. 1983, 253, C41. 

(22) Usbn, R.; Fornids, J.; Espinet, P.; Lalinde, E.; Gads, A.; Jones, P. G.; 
Meyer-Bise, K.; Sheldrick, G. M. J .  Chem. SOC., Dalron Tram. 1986, 
259. 
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to 3b, thus bringing the two palladium atoms closer, it is necessary 
to open the AB-CD dihedral angle, which is 0' in 3a. Due to 
the coplanarity of bonds imposed around C (the Pd atom) and 
around B (the sp2 imine nitrogen in complex 17 or the sp2 imidoyl 
carbon in the imidoyl-bridged systems), this means opening the 
EB-CF dihedral angle, and this is only possible if E and F are 
not involved in a rigid planar cycle. Hence, structure 3b is for- 
bidden for complex 17 whereas it is the on t  found for imidoyl- 
bridged complexes, where E and F are not involved in a 
or where the cycle is not p l a ~ ~ a r . ~ J ~  

N(3) and N(4) should be approximately sp3; however, their 
phenyl substituents could occupy neither the equatorial positions 
along the hinge of the butterfly because of steric hindrance with 
phosphite ligands nor axial positions under the butterfly because 
of mutual steric hindrance. Hence, a distortion toward an sp2 
hybridization might be expected. Such a distortion occurs, but 
unexpectedly, it turns out that angles around N(3) and N(4) are 
markedly different although both parts of the dimer are chemically 
identical. The sum of angles around N(3) is 358.7', and that 
around N(4) is 339.4' (compare with 360' for sp2 and 328.2' 
for sp3 hybridization). Particularly, angles C(31)-N(3)-Pd( 1) 
and C(41)-N(3)-N(2) are very different (132.5 and 118.4', 
respectively) whereas angles Pd( l)-N(3)-N(2) and Pd(2)-N- 
(4)-N( l), involved in both dipalladacycles, are very similar (109.4 
and 108.4') and close to the sp3 value. We have no explanation 
for such a different behavior of N(3) and N(4). The overall result 
is that both phenylhydrazine phenyl rings C(31) to C(36) and 
C(41) to C(46) are nearly parallel (Figure l ) ,  with an average 
distance between them of 3.5 A (consistent with the accepted van 
der Waals coverage of a phenyl ring, 1.7 A),23 and an angle 
between them of 16.6', with its vertex under the hinge. 
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