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The cationic complex of platinum(I1) [Pt(C2H4)C1(Me2NCH2CHzNMe2)](C104) proved to be a stable compound although very 
reactive toward nucleophilic agents. The structure has been established by neutron diffraction analysis (120 K); the compound 
crystallizes in the PnaZl orthorhombic space group with a = 11.550 (4) A, b = 14.584 (5) A, c = 8.504 (3) A, and Z = 4. 
Refinement using 1781 reflections led to a final R value of 0.058. The coordination around platinum (one chlorine and two nitrogen 
atoms, and the midpoint of the ethylene ligand) is planar within the limits of experimental error. The ethylene ligand is 
perpendicular (889  to the coordination plane with Pt-C bonds (2.184 (5) and 2.166 (5) A) slightly longer than in Zeise’s salt 
and a bending back of 16O (a/2) of the four hydrogen atoms. The pentaatomic platinum diamine ring lies roughly on the 
coordination plane with the exception of a C atom, which shows a positional disorder between two nearly equivalent sites 0.6 A 
above and below the coordination plane. The difference between the Pt-N distances (2.1 19 (2) and 2.084 (2) A) reflects the trans 
influence of ethylene; the Pt-CI bond (2.304 (2) A) is similar to that of cis chlorine in Zeise’s salt. 

Introduction 
The nature of the bond between olefins and transition metals 

is generally understood in terms of the description made by Dewar, 
Chatt and Duncanson in the early 1950s: This bond can be safely 
described as in a “continuum” between two limiting situations 
represented respectively by pure donation of ?r electrons of the 
olefin into a vacant dp  orbital of the metal and by back-donation 
from a filled dp  orbital of the metal to the vacant ?r* orbital of 
the o1efin.j 

Compounds of the first type would be characterized by a rather 
long metal-carbon distance accompanied by a relatively short 
C=C bond and small deviation from planarity of the olefinic 
moiety, the overall interaction being rather weak. 

As one moves toward the opposite limiting case, both C=C 
distance and deviation from planarity would increase while the 
metal-carbon bonds would shorten. These effects are ascribed 
to the electron population of the ?r* orbital, as a consequence of 
the charge donation from the metal, which reduces the C=C bond 
order, strengthens the interaction with the central metal, and puts 
the olefin in a cis bent excited state.4 

Referring in particular to platinum, which is able to form olefin 
complexes in different oxidation states and coordination numbers 
and bear different total charges, the [Pt(C2H4)C13]- and [RC2- 
(CN),(PPh,),] complexes were considered to represent well the 
opposite limits outlined above.5 

We have isolated a cationic platinum-olefin complex, [Pt- 
(CzH4)C1(Me2NCH2CH2NMe2)]+, which should be closer than 
Zeise’s anion [Pt(C2H4)C13]- to the first limiting case: however, 
an X-ray analysis, performed on this complex to see the effect 
of the positive charge on the platinum-ethylene bonding, did not 
lead to conclusive results because of the intrinsic limits of the 
method.6 Therefore, we have undertaken a neutron diffraction 
analysis, which allows a more precise determination of the 
light-atom positions. 

Experimental Section 
Data Collection. The values of the cell parameters and the main 

experimental conditions for the intensity measurements and structure 
analysis are reported in Table I. A suitable crystal of [Pt(CtH4)Cl- 
(MezNCHzCH2NMeZ)](ClO4) was prepared by slow evaporation of a 

(a) University of Turin. (b) ILL, Grenoble. (c) University of Venice. 
(d) University of Bari. 
Dewar, M. J. S .  Bull. Soc. Chem. Fr. 1951, 18, C71; Annu. Rep. Prog. 
Chem. 1951,48,112. Chatt, J.; Duncanson, L. A. J.  Chem. SOC. 1953, 
2939. 
Dewar, M. J. S.; Ford, G. P. J .  Am. Chem. SOC. 1979, 101, 783. 
Blizzard, A. C.; Santry, D. P. J.  Am. Chem. SOC. 1968, 90, 5749. 
Greaves, E. 0.; Lock, C. J. L.; Maitlis, P. M. Can. J .  Chem. 1968,46, 
3879 and references therein. 
Tiripicchio, A.; Tiripicchio Camellini, M.; Maresca, L.; Natile, G.; 
Rizzardi, G. Cryst. Struct. Commun. 1979, 8, 689. 
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Table I. Crystal and Experimental Data for 
[ Pt(CzH4)C1(MezNCH2CHzNMez)] (C104) 

space group 
a, A 
b, 8, 
c, A v, A’ 
mol wt 
Z 
P ~ I ~ ,  cm-l 
approx cryst habit 
cryst vol, mm3 
cryst color 
wavelength, 8, 
monochromator 
temp, K 
24”, deg 
scan mode (w:xO) 

peak scan width ( w )  

stds (hkl) (measd every 
50 reflcns) 

collected reflcns 
unique reflcns 
re1 transmission factors 

Pna2, (c”,, No. 33) 
11.550 (4) 
14.584 (5) 
8.504 (3) 
1432.5 (8) 
474.25 
4 
2.21 
parallelepiped 
9.3 
pale yellow 
0.8449 (2) 
cu (200) 
120 
80 
0 = 0.0, 12.5, 25.0, 37.5, 50.0°; 

9 = 0, 15, 25, 35, 60°; 

(6,6,0), (1,12,0) 

207 1 
1781 
0.652-0.768 
0.058 
0.045 

x = 0.00, 0.35, 0.75, 1.15, 1.50 

w = 1.40, 1.20, 1.40, 1.70, 4.50° 

water solution at room temperature. 
No special precaution was taken in mounting the crystal owing to its 

good stability in air (although crystals kept for many months at rwm 
temperature turn black). Diffraction data were collected at low tem- 
perature (120 K) with use of the Displex cryorefrigerator’ on the sin- 
gle-crystal four-circle neutron diffractometer D9, on the hot source of 
the high-flux beam reactor of the Institut Laue-Langevin in Grenoble. 
The unit cell parameters were obtained at 120 K with use of 26 accu- 
rately centered reflections. 

For the intensity measurements, each peak was scanned in 25 steps 
with 6 additional background steps of either 0.1 or 0.15O. Throughout 
the data collection two reflections were periodically monitored for any 
changes in intensity. No significant change was observed. 

Background corrections were made with the method of ref 8. An 
analytical absorption correction was applied with the crystal faces ap- 
proximated by 12 rational boundary planes;9 the 12 crystal faces belong 
to the forms {llO), {ilO), (1111, ( i i l ) ,  { l i l ) ,  and ( i l l ) .  A total of 2071 
intensities were accessible with the restrictions imposed on the four-circle 

(7) Allibon, J. R.; Filhol, A.; Lehmann, M. S.; Mason, S. A.; Simms, P. J .  
Appl. Crystallogr. 1980, 14, 326. 

(8) Lehmann, M. S.; Larsen, F. K. Acta Crystallogr., Sect. A: Cryst. Phys., 
Diffr., Theor. Gen. Crystallogr. 1974, A30, 580. 

(9) Program ABSCOZ by: Alcock, N. W. Crystallographic Computing; 
Ahmed, F. R., Ed.; Munksgaard: Copenhagen, 1970; pp 271-278. 

0 1986 American Chemical Societv , ,  I -  



2208 Inorganic Chemistry, Vol. 25, No. 13, 1986 Gervasio et al. 

Figure 1. ORTEP drawing of the disordered portion of the cation. The 
dashed part corresponds to the form with occupancy 0.47. The coordi- 
nation plane (passing through C(4) and N(1)) is perpendicular to the 
figure. 

Figure 2. ORTEP projection of the [Pt(C2H4)C1(CH3)2NCH2CH2N- 
(CH3),]+ cation, with the atom labeling scheme. The view is slightly 
inclined with respect to the coordination plane. The thermal ellipsoids 
are scaled to enclose 30% probability. 

geometry by the Displex mount; after the equivalent hkl's were averaged, 
(internal consistency R index as defined in ref 14 equal to 0.02), 1781 
reflections were obtained, including those with F: < 0. No secondary 
extinction correction was applied. 

Structure Analysis. A first differenceFourier map, calculated by using 
coordinates from the X-ray analysis,6 with non-hydrogen atoms only, 
revealed the positions of the H atoms and the presence of disorder in the 
pentaatomic ring of the cation. In fact the C(3) atom, which lies out of 
the plane of coordination, is nearly equally partitioned above and below 
this plane (Figure 1); consequently the CH3(5) and CH3(6) groups and 
the H(41) and H(42) atoms also follow this behavior; an image with 
coordinates x, ,y, -z is created and a noncrystallographic plane perpen- 
dicular to the c axis coinciding with the coordination plane is simulated. 

At this stage two types of refinement were tried: 
(i) In the Acentric Space Group PnaZ,. To each image created by 

disorder (the CH2(3), CH3(5), CH3(6) groups and the H(41) and H(42) 
atoms with and without asterisks in Figure 1) was assigned a different 
occupation factor, and these were allowed to vary subject to obvious 
chemical constraints (their sum equals unity). Some distances were 
constrained to vary together as well. Occupation factors of the two 
images were refined to 0.53 and 0.47. The H(51) and H(62) atoms are 
equally shared by the two images. 

(ii) In the Centric Space Group h a m  with the Ions Exactly Bisected 
by the Mirror Planes. Occupancy factors of atoms lying on the mirror 
planes and those belonging to the two disordered moieties were fixed at 
0.5. 

All refinements (anisotropic for all the atoms) were performed, in- 
cluding reflections with F: < 0, as suggested by some authors,I0 but with 

Table 11. Fractional Atomic Coordinates for the Compound 
[Pt(C2H4)CI(Me2NCH2CH2NMe2)] (CIOJ" 

atom x l a  v lb  Z I C  

0.5886 (1) 
0.5025 ( 5 )  
0.5002 (4) 
0.8285 (3) 
0.8037 (2) 
0.7918 (4) 
0.7703 (4) 
0.6443 (6) 
0.6481 (5) 
0.5645 (7) 
0.4298 (9) 
0.4228 (6) 
0.5562 (9) 
0.8098 (10) 
0.9211 (4) 
0.8305 (9) 
0.8507 (7) 
0.7339 (8) 
0.8833 (5) 
0.7768 (10) 
0.7183 (9) 
0.7479 (8) 
0.8609 (5) 
0.5492 (1 3) 
0.6716 (11) 
0.6953 ( I O )  
0.5555 (8) 
0.6909 (14) 
0.6737 (14) 
0.4103 (1) 
0.3836 (1) 
0.7548 (1) 
0.6760 (1) 
0.4288 (7) 
0.2612 (3) 
0.4222 (10) 
0.4207 (5) 
0.8295 (4) 
0.7947 (4) 
0.7705 (4) 
0.8093 (9) 
0.9213 (10) 
0.8270 (11) 
0.8508 (13) 
0.8835 (IO) 
0.7874 (1 5 )  
0.7257 (1 1) 
0.8657 (1 1) 

0.4563 (1) 
0.5811 (4) 
0.5784 (3) 
0.4386 (2) 
0.3481 ( 1 )  
0.5341 (3) 
0.5966 (3) 
0.2739 (5) 
0.2733 (4) 
0.6215 (6) 
0.5574 (9) 
0.5535 (7) 
0.6224 (8) 
0.4455 (8) 
0.4542 (8) 
0.3527 (7) 
0.2898 (4) 
0.5870 (6) 
0.5521 (10) 
0.4751 (6) 
0.6487 (6) 
0.5830 (7) 
0.6198 (8) 
0.2592 (10) 
0.3058 (9) 
0.2082 (9) 
0.2629 (9) 
0.2090 (8) 
0.3135 (9) 
0.3854 (1) 
0.1484 (1) 
0.5120 (1) 
0.3286 (1) 
0.1893 (7) 
0.1471 (4) 
0.1971 (6) 
0.0556 (3) 
0.4383 (4) 
0.5324 (3) 
0.5955 (3) 
0.4270 (7) 
0.4616 (8) 
0.3440 (9) 
0.2954 (11) 
0.5561 (12) 
0.4734 (11) 
0.6580 (6) 
0.6074 (IO) 

0.0 
0.0803 (7) 

-0.0814 (7) 
-0.0721 (6) 
0.0001 (2) 
0.1644 (4) 

-0.0966 (6) 
0.1408 (9) 

-0.1424 (8) 
0.1462 (14) 
0.1490 (15) 

-0.1390 (11) 
-0.1501 (10) 
-0.1981 (6) 
-0.0612 (14) 
0.1237 (6) 

0.2092 (11) 
0.1605 (13) 
0.2403 (11) 

-0.0327 (15) 

-0.0493 (12) 

-0.2199 (7) 
-0.0820 (13) 
0.1440 (16) 
0.2456 (13) 
0.1352 (15) 

-0.1447 (16) 
-0.1373 (17) 
-0.2520 (14) 
0.0004 (7) 
0.4971 (7) 
0.0005 (2) 
0.0004 (7) 
0.6358 (9) 
0.5049 (16) 
0.3629 (1 1) 
0.5044 (16) 
0.0704 (7) 

0.1001 (6) 
0.1946 (13) 
0.0526 (14) 

-0.1401 (15) 
0.0499 (16) 

-0.1683 (18) 
-0.2413 (15) 
0.0535 (13) 
0.1197 (13) 

-0.1630 (6) 

Atoms marked with primes and asterisks correspond to occupation 
factors 0.53 and 0.47, respectively. 

set to 0.01 for convenience; the final values of R were 0.058 (R, = 
0.045) and 0.038 (R, = 0.032) (for all reflections included and for 1450 
reflections with I > 2u(I), respectively) for refinement i. The corre- 
sponding values of R for refinement ii were 0.064 (R, = 0.053) and 0.043 
(R, = 0.036). 

Hamilton's testll on the validity of the two models (RG = 0.052 (i) 
and RG = 0.064 (ii)) and a positive test of piezoelectricity led to the 
choice of the acentric space group. 

The function minimized was xw(lFol - lFc1)2. The weighting scheme 
was w = 1/(u2(F) + u p ) ,  where a = 0.003 was chosen in order to 
maintain EwA2 satisfactorily constant for the amplitudes batched in 
various ranges of lFol and (sin $)/A. 

All reported results correspond to R = 0.058. Neutron-scattering 
lengths were taken to be bR = 9.5, bc = 6.6484, bH = -3.7409, bcl = 
9.5792, bN = 9.21, and bo = 5.805 (in units of lo-" cm).12 

Listings of observed and calculated structure factors and of the an- 
isotropic thermal parameters are available." 

(10) Hirshfeld, F. L.; Rabinovich, D. Acta Crystallogr., Sect. A: Cryst. 
Phys., Dijjr., Theor. Gen. Crystallogr. 1973, A29, 510. 

(11) Hamilton, W. C. Acra Crystallogr. 1965, 18, 502. 
(12) Koester, L.; Rauch, H. "Summary of Neutron Scattering Lengths" 

IAEA Contract 2517/RB; International Atomic Energy Agency: Vi- 
enna, 1981. 
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Table 111. Interatomic Distances (A) and Angles (deg)" 

Around the Pt Atom 
Pt-C(1) 2.184 ( 5 )  Pt-N(1) (cis) 2.084 (2) Pt-N(2) (trans) 2.119 (2) Pt-CI(1) 2.304 (2) 
Pt-C(2) 2.166 (5) 

C( l)-Pt-C(2) 36.9 (1) C(1)-PtCI(1) 88.1 (2) C(2)-Pt-C1(1) 87.0 (1) N(1)Pt-Cl(1) 176.3 (1) 
C(1)-Pt-N(1) 95.4 (2) C(2)-Pt-N(1) 96.5 (1) N(1)-Pt-N(2) 84.5 (1) N(2)-Pt-CI(l) 91.8 (1) 
C(1)-Pt-N(2) 161.7 (3) C(2)-Pt-N(2) 161.4 (2) 

In the Ethylene Ligand 
C(l)-C(2) 1.376 (3) C(l)-H(2) 1.083 (3)' C(2)-H(3) 1.083 (3)' C(2)-H(4) 1.083 (3)' 
C(1)-H(1) 1.083 (3)' 

C(2)-C(l)-H(l) 123.0 (9) H(l)C(l)-H(2) 113.9 (1.2) C(l)-C(2)-H(3) 118.5 (8) H(3)-C(2)-H(4) 116.6 (9) 
C(2)-C(l)-H(2) 121.3 (1.0) H(1)-C(1)-Pt 108.3 (6) C(l)-C(2)-H(4) 120.8 (8) H(3)-C(2)-Pt 104.9 (7) 
C(2)-C( 1)-Pt 70.9 (4) H(2)-C(I)-Pt 104.9 (8) C(l)-C(2)-Pt 72.3 (4) H(4)-C(2)-Pt 112.2 (7) 

In the Tetramethylethylenediamine Ligand 
C(3)-C(4) 1.482 (3)' C(4)-H(42) 1.093 (2)' 
C(3)-N( 1) 1.501 (2)' C(5)-N(1) 1.493 (2)C 
C(3)-H(31) 1.097 (2)' 
C(3)-H(32) 1.097 (2)' 

C(4)-H(41) 1.098 (2)' 
C(4)-N(2) 1.503 (3) 

C(4)-C(3)-N( 1) 110.9 (2) 
C(4)-C(3)-H(31) 116.6 (7) 
C(4)-C(3)-H(32) 109.7 (7) 
N(l)-C(3)-H(31) 103.0 (6) 
N(l)-C(3)-H(32) 11 1.7 (7) 
H(31)-C(3)-H(32) 104.7 (9) 
C(3)-C(4)-N(2) 11 1.0 (2) 
C(3)-C(4)-H(41) 106.7 (6) 
C(3)-C(4)-H(42) 116.0 (6) 
N(2)-C(4)-H(41) 106.6 (6) 
N(2)-C(4)-H(42) 109.9 (5) 
H(41)-C(4)-H(42) 106.0 (8) 

C(5)-H(51) 1.090 (2)c 
C(5)-H(52) 1.090 (2)' 
C(5)-H(53) 1.090 (2)' 
C(6)-N(l) 1.490 (3)' 

N(l)-C(5)-H(51) 107.7 (6) 
N(l)-C(5)-H(52) 107.5 (6) 
N(I)-C(5)-H(53) 109.7 (6) 
H(5 1)-C(5)-H(52) 11 5.8 (1.1) 
H(51)-C(5)-H(53) 104.7 (1.0) 
H(52)-C(5)-H(53) 111.2 (1.0) 
N(l)-C(6)-H(61) 103.7 (6) 
N(l)-C(6)-H(62) 110.3 (6) 
N(l)-C(6)-H(63) 108.0 (7) 
H(61)-C(6)-H(62) 117.3 (1.0) 
H(61)-C(6)-H(63) 104.7 (9) 
H(62)-C(6)-H(63) 112.1 (9) 

C(6)-H(61) 1.107 (2)' C(7)-H(73) 1.126 (13) 

C(6)-H(63) 1.107 (2)' C(8)-H(81) 1.081 (11) 
C(7)-" 1.482 (8) C(8)-H(82) 1.061 (14) 
C(7)-H(71) 1.120 (17) C(8)-H(83) 1.140 (15) 
C(7)-H(72) 1.054 (14) 

C(6)-H(62) 1.106 (2)' C(8)-N(2) 1.492 (7) 

N(2)-C(7)-H(71) 111.5 (8) Pt-N(l)-C(3) 104.1 (2) 
N(2)-C(7)-H(72) 111.8 (1.0) Pt-N(l)-C(S) 110.5 (2) 
N(2)-C(7)-H(73) 107.2 (8) Pt-N(l)-C(6) 115.6 (2) 
H(71)-C(7)-H(72) 110.9 (1.2) C(3)-N(l)-C(5) 112.0 (3) 
H(71)-C(7)-H(73) 110.5 (1.2) C(3)-N(l)-C(6) 107.3 (3) 
H(72)-C(7)-H(73) 104.8 (1.1) C(5)-N(l)-C(6) 107.4 (3) 
N(2)-C(8)-H(81) 107.7 (8) Pt-N(2)-C(4) 107.5 (1) 
N(2)-C(8)-H(82) 110.1 (8) Pt-N(2)-C(7) 110.9 (3) 
N(2)-C(8)-H(83) 109.4 (8) Pt-N(2)-C(8) 11 1.7 (3) 
H(81)-C(8)-H(82) 109.8 (1.2) C(4)-N(2)-C(7) 110.2 (4) 
H(81)-C(8)-H(83) 108.3 (1.1) C(4)-N(2)-C(8) 108.3 (4) 
H(82)-C(8)-H(83) 111.5 (1.2) C(7)-N(2)-C(8) 108.2 (2) 

In the Perchlorate Anion 
C1(2)-0( 1) 1.422 (8) Cl(2)-0(2) 1.416 (4) C1(2)-0(3) 1.416 (9) Cl(2)-0(4) 1.420 (4) 

O(l)-Cl(2)-0(2) 109.5 (7) O(l)-C1(2)-0(4) 104.7 (7) 0(2)-C1(2)-0(4) 106.6 (3) 0(3)-C1(2)-0(4) 114.7 (7) 
O(l)-C1(2)-0(3) 110.0 (3) 0(2)-C1(2)-0(3) 11 1.0 (7) 

(1 Constrained distances are labeled with a superscript "c". 

Table IV. Structural Parameters Involving the Metal Atoms and the Ethylene Ligand for Selected Complexes 
compd M-C (M = Pt, Ta), A H2C=CH2, A a, deg & deg ref 

IPt(C,H.W,l- 2.128 (3) 1.375 (4) 32 74 19 
2.135 (3) 
2.176 (2) 
2.191 (6) 
2.272 (6) 
2.195 (6) 
2.258 (6) 
2.184 (5) 
2.166 (5) 
2.228 (3) 
2.285 (3) 

Owing to the disorder and to the high correlation factors caused by 
the symmetry of the ions with respect to 001 planes, high esd's were 
obtained; in order to reduce the consequent variation of the C-H dis- 
tances of the ethylene molecule, these four C-H distances also were 
constrained to vary together. The geometry of ethylene was not per- 
turbed by this approach. 

For the solution and refinement of the structure the programs of 
SHELX 7 d 4  were used. The calculation of the best planes passing through 
the atoms was made as in ref 15. 

Description of the Structure and Discussion 

and angles are  listed in Table 111. 

Final fractional atomic coordinates are listed in Table 11. 

The molecular structure is shown in Figure 2, and bond lengths 

1.402 (7) 31 74 20 
1.365 (8) 32 74 20 

1.378 (8) 

1.376 (3) 32 77 this work 

1.477 (4) 68 56 21 
71 

The coordination around the P t  atom is roughly square-planar, 
considering the middle point of the ethylene ligand, the chlorine 
atom C1( I), and the nitrogen atoms of the tetramethylethylene- 
diamine ligand; the Pt atom lies in the plane.16 

The  pentaatomic ring resulting from the coordination of tet- 
ramethylethylenediamine to platinum is, as expected, not planar 
owing to the tetrahedral geometry of the nitrogen and carbon 
atoms involved (see Table 111); in fact, the ring lies roughly in 
the ab plane with the exception of the C(3) atom responsible for 
the observed disorder (see above) (Figure 3). 

The  C=C bond of the ethylene ligand is perpendicular (88') 
to the coordination plane. The two ethylenic carbon atoms are, 

(1 3) Supplementary material. 
(14) Shcldrick, G. M. SHELX 76, A System of Computer Programs; Cam- 

bridge University: Cambridge, England, 1976. 
(15) Schomaker, V.; Waser, J.; Marsh, R. E.; Bcrgman, G. Acta Crystallogr. 

1959, 12, 600. 

(16) The best plane passing through these points, C(4), and Pt is -0.OOlX 
- 0.01OY + 8.5042 + 0.003 = 0 for fractional coordinates: x2 = 2.00. 
The distances of M (middle point), N(1). N(2). Cl(l), C(4), and F't 
from the plane arc 0.00 (l), 0.001 (3), 0.002 (6). 0.002 (6), -0.001 (3), 
and -0.002 (2) A, respectively. 
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Figure 3. ORTEP projection of the cation, showing the puckering of the 
pentaatomic ring and the deformation of the ethylene molecule. 

within the limits of experimental accuracy, equidistant (2.184 ( 5 )  
and 2.166 (5) A) from the platinum atom. 

The Ethylene Ligand. The geometry of the ethylene ligand 
should be, according to the Dewar-Chatt-Duncanson model,z 
strongly influenced by its coordination. Examination of a large 
number of complexes has confirmed this distortion and suggested” 
some parameters used for quantifying it. In Table IV the a and 
@ anglesI8 are  compared for the present complex (32 and 74O 
(mean), respectively), for Zeise’s salt,I9 and for the [Pt(CZH4),] 
and [Pt(CzH4)z(CzF4)]20 and the  [Ta(CzH4)(C5Me5)-  
(CHCMe,)(PMe,)] complexes,21 whose structures were deter- 
mined by neutron diffraction. Comparison has been restricted 
to neutron diffraction studies of unsubstituted ethylene complexes 
in order to deal with homogeneous data. 

The following points are noteworthy: (i) No significant change 
in the mean ethylene deformation is observed in comparisons of 
an anionic and a cationic square-planar platinum(I1) complex and 
three-coordinate platinum(0) species. 

(ii) The metal-carbon distances are not directly correlated to 
the deformation of the ethylene plane. In Zeise’s anion the Pt-C 
distances are shorter than in the other three platinum species, but 
the a and 0 angles have nearly the same values. Moreover, in 
the neutron analyses of the [Pt(CzH4)z(CzF4)] and [Ta- 
( C2H4) ( C,Me5) (CHCMe,)( PMe,)] complexes~0~21 the difference 
in the two M-C bond lengths is not reflected by any asymmetry 
in the bending back of the ethylene hydrogens (@ = p’ = 70° and 
@ = p’ = 56O, respectively). On the other hand, in the cationic 
complex the asymmetry of @ (@ = 71°, p’ = 77’) cannot be 
correlated to a highly significant asymmetry of the Pt-C bonds; 
this fact can support the hypothesis already suggestedz0 that the 
bending of hydrogens is most susceptible to intermolecular in- 
fluences. A conclusive discussion however should be made on data 
not affected by disorder and consequently by high esd’s. 

(iii) On the other hand, the elongation of the C=C bond 
appears to be correlated with the deformation of the ethylene 
plane; therefore as the C = C  bond becomes longer, the deviation 
from planarity increases and the a angle becomes larger. 

The Other Ligands. The trans influence of ethylene gives rise 
to the most remarkable feature of the puckered ring of tetra- 
methylenediamine, that is, a difference of about 0.04 8, (corre- 
sponding to ca. 18a) in the Pt-N bond lengths (2.119 (2) and 
2.084 (2) A), the longest distance being that trans to ethylene. 
This difference is comparable to that observed in cis and trans 
chlorine atoms of Zeise’s salt, indicating that the trans influences 

Ittel, S. D.; Ibers, J. A. Adv. Organomet. Chem. 1976, 14, 33. 
a is the angle between the normals to the CH, planes; ,9 and are the 
angles between the normals to the CHI planes and the ethylene bond.’’ 
Love, R. A.; Koetzle, T. F.; Williams, G. J. B.; Andrews, L. C.; Bau, 
R. Znorg. Chem. 1975, 14, 2653. 
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exerted by ethylene toward the chlorine and nitrogen donor atoms 
are  comparable. 

The other parameters of the chelate diamine are quite close, 
within the experimental errors, to those observed in some analogous 
complexes, where the coordination around platinum differs only 
in the replacement of the $-ethylene by a 7’-alkyl g r o ~ p . ~ * - ~ ~  In 
these latter complexes the platinum-nitrogen bond trans to carbon 
was ca. 0.06 A (corresponding to ca. 6a), larger than that trans 
to chlorine, indicating that a similar trans influence is exerted by 
either a qz- or a a-CzH4R group. Although in some cases this 
similarity has not been fully recognized, we believe it has real 
significance, on the basis of comparison of species which, apart 
from the $- or a-carbon ligand, are identical. 

The Pt-Cl( 1) bond length cis to ethylene (2.304 (2) A) agrees 
well with that of the two cis Pt-C1 bonds of Zeise’s anion (2.302 
(2) and 2.303 (2) A) and with that of other similar compounds.zsz8 

In the perchlorate anion the oxygen atoms are arranged tet- 
rahedrally about the chlorine atom at an average distance of 1.418 

Conclusions. It is apparent from the above discussion that the 
presence of a net positive charge on the complex, as opposed to 
the negative charge of Zeise’s anion, does not cause any appre- 
ciable structural change in the ethylene moiety; moreover, the 
ethylene gkometry is also similar to that found in the tricoordinate 
platinum(0) complex [Pt(C2H4),]. In contrast with the very strict 
structural analogy the reactivities of ethylene in the three com- 
plexes are very different and the cationic species under discussion 
is far more reactive toward nucleophiles than the neutral or anionic 
s p e ~ i e s ~ ~ ~ ~ ~  and behaves like other cationic complexes of the 
platinum-group metals such as iron, ruthenium, and rhodium.,O 
This leads to the following considerations: First, the electrostatic 
attraction between the organometallic complex and the nucleophile 
is important in promoting the reaction. Second, the extent of 
electron donation from the metal to the IT* orbital of the olefin 
must be as small as possible in order to leave the IT* orbital free 
to accept an extra electron pair from the nucleophile. Such an 
electron donation appears to be rather small in four-coordinate 
platinum(I1) complexes, as indicated not only by the structural 
data, showing a rather small elongation of the C=C bond and 
small deviation from planarity of the olefin moiety, but also by 
a recent ligand field analysis of Zeise’s anion, showing the ethylene 
to be a strong u donor and a very weak IT acceptor toward 
p l a t i n ~ m ( I I ) . ~ ~  A third source of activation of metal-bonded 
olefins comes from a slipping of the metal-ligand fragment along 
the ethylene axis while the nucleophile is attacking. Indeed, it 
turns out that the less deactivated the olefin in the symmetrical 
q2 complex, the more activated it is as an 11’ slipped olefin.32 

In contrast with four-coordinate platinum(I1) complexes, both 
experimental and theoretical evidence point to a largely deacti- 
vatedZ olefin in five-coordinate Ptrr species, which could represent 
the limiting case of a strong metal to olefin electron d o n a t i ~ n . ~ ~ ~ ~ ~  

(3) A. 

(22) Maresca, L.; Natile, G.; Manotti Lanfredi, A,; Tiripicchio, A. J .  Am. 
Chem. SOC. 1982, 104, 7661. 
Annibale, G.; Maresca. L.; Natile. G.: TiriDicchio. A.: TiriDicchio Ca- 
mellini, M. J .  Chem. SOC., Dalton Trans. -1982, 1587. 
Maresca, L.; Natile, G.; Tiripicchio, A,; Tiripicchio Camellini, M.; 
Rizzardi, G. Znorg. Chim. Acta 1979, 37, L545. 
Bresciani Pahor, N.; Calligaris, M.; Delise, P.; Randaccio, L.; Maresca, 
L.; Natile, G. Inorg. Chim. Acta 1976, 19, 45. 
Maresca, L.; Natile, G.; Calligaris, M.; Delise, P.; Randaccio, L. J .  
Chem. SOC., Dalton Trans. 1976, 2386. 
Caruso, F.; Spagna, R.; Zambonelli, L. Znorg. Chim. Acta 1979, 32, 
L23. 
Camalli, M.; Caruso, F.; Zambonelli, L. Inorg. Chim. Acta 1980, 44, 
L177. 
Maresca, L.; Natile, G. J. Chem. SOC., Chem. Commun. 1983, 40. 
Rosenblum, M. Acc. Chem. Res. 1974, 7, 122. Lennon, P.; Madha- 
varao, M.; Rosan, A.; Rosenblum, M. J .  Orgammet. Chem. 1976, 108, 
93. Culter, A.; Ehntholt, D.; Giering, P.; Lennon, P. J.  Am. Chem. Soc. 
1976, 98, 3495. Roberts, B. W.; Wong, J. J.  Chem. Soc., Chem. 
Commun. 1977, 20. Lennon, P.; Rosan, A,; Rosenblum, M. J .  Am. 
Chem. SOC. 1977, 99, 8426. Werner, H.; Feser, R.; Werner, R. J .  
Organomet. Chem. 1979, 181, C7.  
Chang, T. H.; Zink, J. I. J .  Am. Chem. Soc. 1984, 106, 287. 
Eisenstein, 0.; Hoffmann, R. J .  Am. Chem. Soc. 1980, 102, 6148; 1981, 
103, 4308. 

. 



Inorg. Chem. 1986, 25, 221 1-2214 221 1 

It  would therefore be of some interest to study such a complex 
by neutron diffraction to see the extent of the elongation and of 
the deviation from planarity of the ethylene moiety. 

Safety Notes. Perchlorate salts of metal complexes with organic 
ligands are potentially explosive. In general, when noncoordinating 
agents are required, every attempt should be made to substitute 
anions such as the fluoro sulfonates for the perchlorates. If a 
perchlorate must be used, only small amounts of material should 
be prepared and this should be handled with great caution. 
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Single-crystal EPR spectra of bis(p-pyridine N-oxide)bis[dichloro(dimethyl sulfoxide)copper(II)], [Cu(pyO)C12(Me2SO)] *, were 
recorded at room temperature at both X- and Q-band frequencies. They are typical of a triplet with g,, = 2.069 (2), gyy = 2.077 
(2), g,, = 2.337 (2), Ddd = 0.0898 (6), D f f  = 0.0373 ( 5 ) ,  and D , ,  = -0.1271. The z and z'axes make an angle of 28.7 ( 5 ) O ,  

while the x'direction makes an angle of 82.0 (2)O with the copper-copper direction. The overall appearance of the D tensor is 
indicative of a relevant exchange contribution, and the observed deviation of the r'axis from the z direction suggests a sizable, 
essentially exchange-determined DY2 component of the zero-field-splitting tensor. The polycrystalline-powder EPR spectra of the 
manganese(I1)-doped compound show the presence of exchange-coupled copper(I1)-manganese(I1) pairs and are characteristic 
of a quintet state. 

Introduction 
In the course of a systematic study on the relationships between 

anisotropic exchange and structural parameters in dinuclear 
copper(I1) complexes,w we have shown that for bis(p-oxo)-bridged 
complexes that have magnetic orbitals lying on the same plane, 
the interaction between the ground xy and the excited x 2  - y 2  
orbital is dominant and ferromagnetic in n a t ~ r e . ' , ~ - ~  This result 
found an  independent check from Russian authors.1° 

We also found that, for this class of complexes, the intensity 
of the interaction tends to decrease as the metal-metal distance 
 increase^.^,^ These data were interpreted within the scheme of 
the ferromagnetic interactions between the xy and x2 - y 2  orbitals. 

Looking for systems at the long edge of available copper-copper 
distances, we found in the literature bis(p-pyridine N-oxide)bis- 
[dichloro(dimethyl sulfoxide)copper(II)], [Cu(py0)Cl2-  
(Me2S0]2,1' which contains the usual dinuclear units, with a 
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copper-copper distance of 3.342 (3) A, which, to our knowledge, 
is the largest reported thus far for bis(p-oxo)-bridged complexes. 
Since no EPR spectra were available, we decided to characterize 
this complex in order to compare its spectromagnetic properties 
to those of structurally similar systems. 

We obtained also manganese(I1)-doped samples, whose poly- 
crystalline-powder EPR spectra show evidence of a substantial 
copper(I1)-manganese(I1) coupling. 
Experimental Section 

The title compound, [Cu(pyO)CI2(Me2SO],, was prepared by re- 
crystallizing the anhydrous pyridine N-oxide complex [Cu(pyO)CI,], in 
dimethyl sulfoxide, according to the reported procedure." EPR suitable 
single crystals were oriented with a Philips PW 1100 diffractometer. 
They were found to correspond to the reported structure with prominent 
(100) and (TOO) faces. 

Mixtures of [Cu(py0)Cl2l2 and its manganese(I1) analogue in a molar 
ratio of 2:l in favor of copper were dissolved in dimethyl sulfoxide, 
yielding single crystals of the doped complex. The analysis of the metals 
was in agreement with the calculated value for the copper (calcd, 20.65%; 
found, 20.40%), and indicated a manganese percent rate of 2%. The 
crystals were revealed to have the same lattice parameters as for the 
copper(I1) pure dimer, having well-developed (01 1) and (011) faces, but 
the crystal had a very unusual appearance, with two zones of different 
color, without showing any evidence of gemination. 

Polycrystalline-powder and single-crystal EPR spectra were recorded 
with a Varian E9 spectrometer equipped with standard X- and Q-band 
facilities. The symmetry properties of the crystals were used to check 
the alignment of the magnetic field. 
Results and Discussion 

Polycrystalline-powder EPR spectra of [Cu(pyO)Cl2(Me2SO)] 
at both X- and Q-band frequencies a t  rmm temperature are shown 
in Figure 1. They are  typical of a triplet state split in the zero 
field by about 0.10-0.15 cm-'. When the sample is cooled down 
to liquid-nitrogen temperature the spectrum disappears, and only 
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