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SUMMARY 

The structure of bis(triphenylphosphine) (l,l-dichloro-2&licyanoethylene)- 
platinum(O), Pt[CI,C=C(CN)J [P(CBH,)s], h as b een determined at room tempera- 
ture from three-dimensional X-ray data collected by counter methods. The structure 
has been refined by least-squares techniques to a final R factor on F of 5.3%, based on 
1777 observations above background. The material crystallizes in space group 
Czh5-P2i/c of the monoclinic system, with four molecules in a cell of dimensions 
a= 10.507(7), b= 15.264(9), c=23.340(13) A, /3= 107.32(2)‘. The observed and calcul- 
ated densities are 1.63(l) and 1.610 g/cm3, respectively_ If one counts the olelin as a 
single ligand, the coordination about the Pt atom is trigonal. The two central atoms 
of the olefin ligand are not equidistant from the metal, the Pt-CCl, bond length of 
2.00(2) A being significantly shorter than the Pt-C(CN)2 bond length of 2.10(2) L% 
The central C-C bond length of l-42(3) A is longer than the value of l-339(2) A found in 
free ethylene, but shorter than the values of l-49(5) A and i-62(3) a found in the analo- 
gous complexes of tetracyanoethylene and tetrachloroethylene, respectively. As ex- 
pected the olefinic ligand is non-planar with the Ccl, and C(CN), groups bent away 
from the Pt atom. However, the groups are not bent back equally. The angle between 
the central C-C bond and the normal to the CClz plane is 48.4 + 2.3O, compared with 
a value of 69.9k3.3” for the angle between C-C and C(CN)= Thus the Ccl, group 
is bent back by about twice as much as the C(CN)-, group. The central C-C vector 
is, within experimental error, perpendicular to the normal to the Pt-P(l)-P(2) plane, 
i.e., the olefinic C atoms lie strictly in the plane of the Pt and the two P atoms. 

INTRODUCTION 

Despite the growing number of structural studies on organometallic complexes, 
there is still insufficient structural information that bears on the finer details of the 
bonding of olefins to transition metals. As part of a program to study the structural 
effects of substituting electron-withdrawing atoms and groups onto the olelinic 
carbon atoms in platinum-olefii 7r-complexes,~ we have previously determined the 
crystal and molecular structure of bis(triphenylphosphine)(tetrachloroethylene)- 
platinum(O)‘. The crystal structure of the analogous complex of tetracyanoethylene 
(TCNE) has also been published2, and there appear to be important differences be- 
tween the two molecules. The most significant differences are to be found in the Pt-C 
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distances [2.03 A in the Cl,eCC12 (TCLE) complex us. 2.11 A in the TCNE complex], 
and to a lesser extent in the degree of bending back from the platinum atom of the 
CX, groups. Each of the Ccl, groups is bent back by about 41°*e3 from the original 
planar configuration, whereas the C(CN), groups are bent back by about 329 How- 
ever the average Pt-P bond lengths in the two complexes are strictly comparable 
[2.285(S) A us _ 2.289(9) AJ_ In view of these results we felt it would be useful to study 
the complex of the mixed olefm l.l-dichloro-2,2-&cyanoethylene, for which one could 
compare directly the electron-withdrawing properties of Cl US. CN. Whereas the com- 
plexes prepared from halogen-substituted ethylenes proved to be very unstable in the 
X-ray beam, the tetracyanoethylene complex is relatively stable_ We thus hoped that 
two cyano groups on the chloro oiefm might stabilize the resultant complex. The results 
of this study are presented here. 

Preparation and characterization 

The previously unreported complex bis(triphenylphosphine)(l,l-dichloro-2,2- 
dicyanoethylene)platinum(O) was synthesized from l,l-dichloro-2,2-dicyanoethylene4 
and bis(triphenylphosphine) (stilbene)platinum’, and recrystallized from an acetone/ 
water mixture. The compound melts at 3 lO-312”, with partial melting and resolidifica- 
tion at about 150” caused by its irreversible isomerization to a vinyl complex, as occurs 
with the TCLE complex6. 

Infrared spectrum (nujol mull): 3.29 w, 4.52 m, 6.75 m, 6.98 s, ?.49 vw(br), 
7.62 w, 7.80 VW, 8.42 w, 8.60 m, 9.10 s, 9.30 w, 9.71 w, 9.97 w, 10.08 VW, 10.25 vw(br) 
11.65 w(br), 12.03 m, 12.55 m, 13.19 m, 13.42 s, 14.02 m, 14.22 s, 14.42 vs, 14.81 s. 

The compound may be recrystallized from either methylene chloride or a mix- 
ture of acetone/water. A preliminary crystallographic examination of the crystals ob- 
tained from methylene chloride indicated a monoclinic unit cell of dimensions a= 

10_50(2), b=37.13(5), c= 10.87(2) A, /3= 113.4(3)“. The space group was uniquely 
determined to be C2,,‘-P2Jc_ Ho-wever, in view of the extremely long b axis, we select- 
ed our data crystal from those recrystallized from acetone/water_ The crystal data for 
these are given below. 

Crystal data 
C40C12H30N2P2Pt; mol. wt., 866.6; mbnoclinic, a=10.507(7), b=15.264(9). 

c=23.340(13)& /?= 107_32(2)O; [Temp. 22O, L(Mo-Ka,) 0.7093 A]; U=3574A3, d,= 

l.610g/cm3 forZ=4, d,=1_63(l)g/ cm3 (by flotation in CH,I/C,Cl,). Linear absorp- 
tion coefficient for MO-Krx X-rays, ~=44.3 cm-‘. 

A sample was prepared by the method outlined above, and recrystallized from 
acetone/water. The crystals were colorless, transparent prisms with well-formed faces. 
Oscillation, Weissenberg, and precession photographs taken with Cu-Ka (A= 1.5418 
A) and MO-KU (J.= 0.7107 A) radiations indicated that the crystals belong to the mono- 
clinic system. The systematic absence of Ok0 reflections when k #2n and lzOI reflections 
when Zf2n uniquely determined the space group to be C,h5-P2,/c. Since density 
measurements indicate four molecules per unit cell, no symmetry conditions need be 

* This angle is defined as (go”+) where p is dctined as the angle the central C-C vector nzakes with the 
normal to the CX2 plane. See also ref. 3. 

J. Organometal. Chem, 29 (1971) 149-161 
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imposed on the molecules of the complex. On the basis of optical goniometry the 
crystal faces typically belong to the forms (012}, (102}, and {lrO]_ 

Intensity measurements were made with a Bicker Four Circle Diffractometer, 
using monochromatic MO-K, radiation produced by Bragg reflection from the (002) 
plane of a highly oriented graphite crystal. Apart from the use of the monochromator, 
the procedures employed have been described in detail elsewhere7*8. A crystal of 
dimensions 0.27 x0.13 x0.12 x&n was mounted on the instrument so that the a axis 
was roughly coincident with the @ axis. The half-widths’of a number of narrow- 
source, open-counter o-scans ranged from 0.08” to 0.13q indicating that the mosaicity 
of the crystal was acceptably low. The setting angles of 13 reflections were determined 
manually through a narrow vertical slit at 0.7O takeoff angle. From these observations 
the crystal orientation and preliminary values of the cell parameters were derived 
by a least-squares procedure7y8_ 

For data collection MO-KU radiation was used, the intensities being measured 
by the 0-28 technique at a takeoff angle of 1.65O. The counter was positioned 33 cm 
from the crystal and was preceded by an aperture of dimensions 3.0 mm x 3.5 mm_ 
The pulse-height analyzer was set to admit 90% of the MO-&X, peak. Copper foil 
attenuators were automatically inserted if the intensity of the diffracted beam ex- 
ceeded about 7000 counts/set during the scan. 

The data were collected in four shells : 28s 26.2O, 26.2~ 28< 31-O”, 31.0~ 28g 
35X0, and 35.8 c 28~ 39.0”. Since the last shell yielded relatively few intensities above 
background, data collection was terminated. Reflections were scanned at lo in 20 per 
minute, and background counts were taken at each end of the scan range. For the first 
shell the scan ranged from -0.40” to +OSo” from the Mo-Ka, maximum, and the 
background counting time was 10 set; thereafter the range was from -0.55O to 
+O_60°, and the background counting time was 20 sec. 

The intensities of four standard reflections were measured periodically (every 
100 reflections for the first shell, every 200 thereafter). At the end of the collection of 
the first shell (976 reflections) the intensity of one of the standards had dropped by 
100/d. The crystal was recentered and the intensity of this reflection returned to its 
original value. At the end of the data collection, the intensities of all four reflections 
had, on the average, decreased by about 12%. Compensation for this decay was made 
during the data-processing. In the least-squares refinement of the structure, the data 
from the first shell were given a separate scale factor because of the crystal recentering. 
At the end of the refinement the two scale factors differed by 2%. 

All data were processed as previously described7a8. A value of p of 0.04 was 
used in the estimation ofthe standard deviations. Of the 3094unique reflections having 
286 39.0°, 1777 obeyed the condition E’z > 3~ (Fz), and only these reflections were 
used in subsequent calculations. To correct for the absorption of the crystal, the 
dimensions of the crystal were determined by means of a micrometer eyepiece, and 
the faces indexed by optical goniometry. The calculated transmission factors ranged 
from 0.56 to 0.67*. 

* In addition to various local programs for the CDC 6400, computer programs used in this work include 
!ocal versions ofzalkin’s FORDAP Fourier program, Hamilton’s GON09 absorption correction program, 
Busing and Levy’s ORFFE function and error program, and Johnson’s ORTEP thermal ellipsoid plotting 
program. Our least-squares program NUCLS, in its nongroup form, closely resembles the Busing-Levy 
ORFLS program. 

J. Orgnnometd Chem., 29(1971) 14%161 
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At the end of the data collection, the monochromator was removed and 12 
strong reflections were centered manually as before, using a takeoff angle of 0.8”. 
The cell parameters taken from this refinement are listed at the beginning of this 
section. 

Structure solution and refinement 
The structure was solved using conventional Patterson, least-squares, and 

Fourier methods. From a Patterson synthesis on 903 low-angle reflections it was 
possible to locate the platinum atom. Refinement, followed by a difference Fourier 
synthesis, revealed the two phosphorus atoms and one of the chlorine atoms. Re- 
petition of these steps led to positions for the other chlorine atom and two ofthe phenyl 
rings. At this point all the data were included in the calculations, and a difference 
Fourier synthesis revealed all other non-hydrogen atoms. The agreement factors 
R (=WIE,I. A= liEI - lF,ll) and R, [(Cw~A2/cw~F,Z)~] were 0.134 and 0.157, 
respectively_ 

Refinement of the structure was continued by the method of full-matrix 
least-squares, the function minimized being CW- A*, where rv=4F,2/02 (I$). Through- 
out the refinement the phenyl rings were constrained to Dsh symmetryg, and the C-C 
bond distance was fmed at 1.394 A_ The atomic scattering factors used in all calculations 
were from the usual tabulationlo, with the exceptions of those for Pt” and HI*. 
The anomalous dispersion corrections of Cromer for Pt, P, and Cl13 were applied to 
the calculated structure factors14. 

Two cycles of refinement in which all nongroup atoms were assigned isotropic 
thermal parameters, and each of the phenyl rings an overall group thermal parameter, 
led to R and R, values of 0.103 and 0.118, respectively. After correction for absorption, 
one further cycle of isotropic refinement converged to a value of R of 0.097. Two 
cycles in which all non-phenyl atoms were allowed to vibrate anisotropically, followed 
by a cycle in which variable isotropic temperature factors were assigned to each of the 
phenyl carbon atoms reduced R and R, to 0.056 and 0.066, respectively. However, 
the thermal ellipsoid of atom C (3) was nonpositive definite_ A difference Fourier map 
then revealed peaks which could be ascribed to some of the hydrogen atoms of the 
phenyl rings_ Accordingly, fixed contributions for the ring hydrogen atoms were 
included in all further structure factor calculations ; the C-H distance was taken as 
1.0 & and the temperature factor of each hydrogen atom was set equal to that of the 
carbon atom to which it was bonded. A further cycle of refinement reduced R to 
0.051 The thermal ellipsoid of atom C(3) remained nonpositive definite in the next 
cycle. Accordingly, in a subsequent cycle of refinement only the Pt, P, and Cl atoms 
were allowed to vibrate anisotropically. None of the coordinates of the C and N atoms 
of the coordinated olefm moved by more than two standard deviations, and R and R, 
remained constant. Consequently this mode of refinement was continued during the 
last cycle of least-squares refinement_ This converged to R 0.053 and R, 0.061. 

In the final cycle no parameter shifted by more than 0.3 ofits estimated standard 
deviation_ The standard deviation of an observation of unit weight is 1.82. However, 
the relative correctness of the weighting scheme, judged by the variation in mean 
Xw-A* with A:-’ sin Band IF,I, is satisfactory_ No extinction corrections were deemed 
necessary. 

The positional and thermal parameters for all nongroup atoms, obtained from 

J_ Organometul. Chem., 29 (1971) 149-161 
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TABLE 1 

POSITIONAL AhV THER!!AL PARA,- FOR PtCC),~C(CN),lCP(C,H,hl* 

Atom x Y .r Bi, (A’) 822 Bas 812 B 1‘3 B 23 

or BI IO 

Pt 0.25177(10) 0.24538(7) O-13127(4) 114(2) 362 (7) 25.6 (3) -4.2(1.0) 29.6(4) -0.8(4) 

P(l! 0.0838 (6) 0.3261(4) O-1459(3) llS(9) 30(3) 27 (2) --S(4) X(3) -l(2) 
P(2) 0.2158(6) 0.1087(4) 0.1691(3) lOO(8) 35(3) 23(2) -4(4) 20(3) -3(2) 
Cl(lj 0.4344(S) 0.4203 (5) O-1371(3) 179(12) 60(4) 64(3) -30(6) 49(5) -11(3) 
C1(2) 0.2707(9) 0.3662 (6) 0.0166(3) 306(17) 131(7) 40(2) 36 (9) 68 (5) 26(3) 

C(1) 0.3494(23) 0.3315(16) 0.0950(10) 5.0(6) 

C(2) 0.4161(21) 02497 (18) 0.0979 (9) 52 (5) 
C(3) 0.5310(27) 0.2260(17) 0.1502(12) 6.4(7) 

C(4) O-4132(27) 0.20X(18) 0.0450(13) 7.1(7) 

N(1) 0.6186(29) 02240(18) 0.1891(12) 10.8 (8) 

N(2) 0.4101(23) 0.1670(1?) O.OOOO(ll) 9.6 (7) 

p The form of the anisotropic temperature factor is exp [-(~11-1z2+~22- k’+P,,-lZi2B,,-h-k+28,,-11-I+ 
2flz3- k-l)]. The vaIua of p have been multiplied by 1Ol’. 

TABLE 2 

GROUP PGSITIONAL PARAhl!F‘-ERS 

Group xca Y, z= 6 E ‘1 

R 1A 0.0431(10) O-3061(5) 02777 (4) -l-564(9) -3.044(9) - 1.641(10) 
R 1a -0.1905(11) 0.2932(6) 0.0411(5) 0.512(12) -2.603(10) 0.608 (11) 
R 1c O-1437(9) O-5331(7) 0.1390(4) - 1.408 (26) - 1.940(9) O-431(25) 
R 2A 0.3081(10) 0.1093 (6) 0.3143 (4) -1.151(10) 2.801(9) -1.708(10) 
R 2B -0.0826(10) 0.0370(6) 0.1116(4) -2.673 (13) 2.321(S) 2.929 (13) 
R 2c 0.3933 (9) -0.0471(7) 0.1421(4) -2.979(22) -2.009(9) l-124(22) 

0 These quantities have been defined previousiy (see ref. 9). 

the last cycle of refinement, are listed in Table 1, together with the associated standard 
deviations as estimated from the inverse matrix. In Table 2 are listed the positional 
and orientation parameters associated with the groups, and in Table 3 are given the 
derived positional parameters for each of the group carbon atoms, together with the 
associated isotropic temperature factors. 

AcomparisonofIFJ and IF,lforthe 1317reflectionsomittedfromtherefmement 
. [Fz -c 3o(Fz)] revealed 18 for which IF: - Fzj lay between 3-and 5o(Fz). -411 the others 

have IF,Z - Fzj c 3o(Fz). Thus these data are omitted from the tabulation of structure 
amplitudes where we present the final values of lOIF, and lOIF,j (in electrons) for 
those reflections used in the refinements*. 

*This table has been deposited as NAPS Document No. 01318 with theAS1.S NationalAuxiliary Publication 
Service, c/o CCM Information Corp, 909 Third Avenue, New York, New York 10022. A copy may be 
secured by citing the document number and by remitting $2.00 for a microfiche or % 5.00 for photocopies. 
Advance payment is required Make checks or money orders payable to: ASIS-NAPS. 

J. Urganomeruf. Chem, 29 (1971) 149-161 
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TABLE 3 

DERIVED PARA!SfETERS OF GROUP CARBON ATOMS- 

Atom x Y z B (AZ) 

R,ACW 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 

R,&(l) 
C(2) 
C(3) 
C(4j 
C(5) 
C(6) 

R,cC(l) 

C(2) 
C(3) 
C(4) 
C(5) 
C(6) 

R,,,C(l) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 

R,C(l) 

C(2) 
C(3) 
C(4) 
C(5) 
C(6) 

RxC(1) 
C(2) 
C(3) 
C(4) 
C(5) 
C(6) 

O-0565(16) 
0.1690(11) 
O-1556(13) 
0.02%( i7) 

-0_0829(12) 
-0.0694(12) 
-0.0718(14) 
-0.1817(19) 

-0.3004(15) 
-0.3092(13) 
-0.1993(17) 
-0.0806(13) 

0_1110(15) 
0.1700(15) 
02027(14) 
0.1764(16) 
0.11741151 
O.O847(14j 
0X85(14) 
0.3864(13) 
O-4359(11) 
0.3576(16) 
02297(15) 
0.1802(10) 
0.0478(11) 
0.0195(13) 

-0.1108(16) 
-0.2129(11) 
-0.1846(13) 
-0_05q15) 

0X61(14) 
0.3629(16) 
0.4401(15) 
0.4705(14) 
O-4237(16) 
0.3465(15) 

0.3125(10) 
0.3098(10) 
0_3033(10) 
0.2966( 11) 
0_3023(11) 
0.3088(10) 
O-3069( 11) 
0.3597(9) 

0.3460(11) 
0_2796(12) 
0.2268(9) 
0.2405( 10) 
O&52(7) 
0.4938( 10) 
0.5818(10) 
0.6211(7j 
O-5725(10) 
0.4845(10) 
0.1084(10) 
0_1393(10) 
0.1402(10) 
0.11@(11) 
0.0793(10) 
O-0784(9) 
0.0649(9) 
0.0027(9) 

-0.0251(8) 
0.0092(10) 
0.0714(10) 
0.0992(8) 
0.0204(9) 

-0.0466(11) 
-0.1141(9) 
-0.1146(9) 
-0.0476(11) 

0_0199(9) 

0_2197(5) 
0.2702(7) 
03282(5) 
0.3357(5) 
s-2852(8) 
0.2272(6) 
O-0870(6) 
0.0836(7) 

0.0377(9) 
-0.0049(7) 
-0.0015(6) 

0.0444(7) 
O-1436(7) 
0.1959(5) 
0.1913(6) 
0.1344(8) 
0.0822(5) 
0.0868(5) 
02512(4) 
0.2794(6) 
0.3426(7) 
0.3774(4) 
0.3491(6) 
0.2860(6) 
O-1382(6) 
0.0918(6) 
0.0652(5) 
0.0850(7) 
O-1314(7) 
0.1580(5) 
0.1546(7) 
0.1967(5) 
O-1842(6) 
O-1296(8) 
0xX374(5) 
0.0999(6) 

4_6(5) 
4.6(5) 
5.0(5) 
6.8(7) 
6_2(6) 

63(6) 
4.8(5) 
68(7) 
9.0(8) 
7.3(7) 
6.5(6) 
4_7(5) 

4.1(5) 
5_1(5) 
6.5(6) 
7-l(7) 
5.7(6) 
6.0(6) 
3_7(5) 
52(6) 
6.1(6) 
6.5(6) 
6.0(6) 
4.4(5) 
3.5(5) 
4.3(5) 
5.6 (6) 
6.3 (6) 
U(5) 
49(5) 

42(5) 
5.5(6) 
7.0(7) 
6.8 (7) 
5_7(6) 
4.8(5) 

u R,, indicates this is Ring A attached to T(1). C( 1) is attached to P and the other C atoms are numbered 
in succession such that C(4) is para to C(1). 

DESCRIPTION OF THE STRUCTURE 

The crystal structure consists of discrete molecules. AU intermolecular 
contacts are normal, the shortest being 2.28 A between RIAH6 and R&I6 atoms in 
adjacent molecules. Fig. 1 presents a drawing of the inner coordination sphere of the 
molecule, and Fig. 2 shows a view of a complete molecule, together with the naming 
of the phenyl rings. The 50% probability ellipsoids for thermal motion are displayed 
in both diagrams, and the root-mean-square amplitudes of vibration are listed in 
Table 4. These appear to be reasonable considering the nature of the structure. The 

J. 0rganometal. Chem., 29 (1971) 149-161 
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N2 

PI 

Fig. 1. The inner coordination sphere of Pt[CI,C=C(CN)J [P(CCHS)&. The 50% probability ellipsoids 
are shown. 

*zc 

Fig. 2. The molecular geometry of Pt [Cl,C=C(CN)J [P(CsH,)&. 
rings have been omitted for the sake of clarity. 

TABLE 4 

ROOT-MEAN-SQUARE AMPLITUDES OF VIBRATION (A) 

Atom Minimum Intermediate Maximum 

The hydrogen atoms on the phenyl 

Pt 

P(1) 
P(2) 
Cl(l) 
Cl(2) 

O-196(2) 0.208(2) 0271(2) 
0x38(10) 0.239(9) 0.262(g) 
0200(10) 0.211(9) 0x0(9) 
0X4(11) O-299(10) 0~408(10) 
0235(10) 0.356(11) 0.450(H) 

two chlorine atoms exhibit the greatest motion. In Tables 5 and 6 are presented relevant 
interatomic distances and angles. 

The platimun atom has, as expected, a planar environment, being three- 
coordinate, if one views the olefm as a monodentate ligand. As has been shown for 
other metal-olefm complexes, the olefin loses its planti geometry on coordination, 

_I_ Organmnetai. Chem 29 (1971) 149-M 



156 A. MCADAM, J. N. FRANCIS, J. A. IBERS 

TABLE 5 

SEzJxTED ~TRA!.~OLECU~ DISTANCES (s;) IN F’&[Cl,MI(CN),] [p(C,H,),], 

(i)_ Bond distances 
Pt-P(I) 2=0(6) 
Pt-P(2) 2339(6) 
pt-q 1) 200(2) 
Ptq2) 210(2) 

C(1j-w) l-42(3) 

P(l)-R,,Cl 1.84( 1) 

P(l)-RIF,~ 1.83(l) 
P(l)-R&l 1.84(l) 

(ii). Non-bonded distances 
Pt._.Cl(l) 3_267(7) 
Pt.._Cl(2) 3.304(7) 
Pt...C(3) 2.85(3) 
Pt.._C(4) 3.06(3) 
P(l)___P(2) 3.575(S) 
P(lj_..C(lj 3.34(2) 
P(2)...C(2) 3.73(2) 

C(l)--alj 
C(lj-CWj 

1.75(2j 1 80(3) 
1.85(2) - - 

C(2j-c(3j 
C(*j-c(4j 

:;g;; l-44(3) 

C(3)-N(l) ;yg; l-13(3) 
C(4)-N(2j . 

P(2)-R,Cl 1.84(l) 
P(2)-RmCl l&?(I) 
P(2)-R&l 1.81(l) 

P(l).__Cl(l) 4.016(10) 
P(l)._.Cl(2) 4.106(9) 
P(2)...C(3) 3.90(3) 
P(2)...C(4) 4.29(3) 
cl(l)__.cl(2) 2.94( 1) 
C(3)...C(4) 2.42(4) 

TABLE 6 

S!ZLECTED KI-RA~~OLECULAF~ ANGLES (O) IN Pt[CllzC=C(CN)2] [P(C,H,)& 

P(l)--P&P(2) lc2.0(2) 
C( l)-Pt-c(2) 4@.6(9) 
P(l)-PGC(1) 103.1(7) 
P(2)-PGC(2) 1143(S) 
Pt-C(l)-c(*) 73.2( 1.3) Pb-C(2)-C(3) 

Pt-w-wj 662(1.2) _ Pt-C(2)-C(4) 
PbC(l)-Cl(l) 120_7( 1.2) C(3j-Wj-c(4j 
F%-c(l)-cl(2) 118_2(1_2) C(3j-a2jqlj 
CWj-c(u-C@j 109_7(1.3) C(4j-c(2jaj 
Cw-w-w 1193(1.8) C(2j-c(3)-wj 
Cwtc(lj-c(2j lllS(1.6) C(2j-c(4)-wj 

Pt-P(I)-R,,Cl 11X?(6) Pt-P(2)-R-Cl 
Pt-P(l)-RIBCl 111.9(5) Pt-P(2)-R&l 
Pt-P(l)-R&l 113.6(S) Pt-P(2)-R&l 
R,,Cl-P(l)-RIBCl 109.1(7) R=Cl-P(2)-R&I 

R,,Cl-P(I)-R,,CI 1019(7) R,CCP(2)-R&I 
R,,Cl-P(l)-R&l 1042(7) R&l-P(2)-R&l 

lcm(1.4) 
12o.q 19) 
1139(2.4) 
12:.4(2.2) 
120.2(2.2) 
167.4(X4) 
179.7(3.2) 

112.5(6) 
114.7(5) 
115.4(S) 
lcls.6(6) 

103.0(7) 
lOlS(7) 

the chlorine atoms and cyano groups being pushed back from the metal as shown ic 
Figs. 1 and 2; 

The two central carbon atoms of the olefm group are not equidistant from the 
metal. The Pt-C(l) distance of 2.00(2) A is significantly shorter than the Pt-C(2) 
distance of 2.10(2) A_ Concomitant with these differences in bond lengths, the chlorine 
atoms and the cyano groups are not bent back equally from the Pt atom. The angle 
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between the C (1)-C (2) vector and the nofrnal to the Ccl, plane is 48_4(2_3)q compared 
with a value of 69.9 (3.3)O for the corresponding angle between C(2)-C(l) and C(CN),. 
Since the complements of these angles are a measure of the bending back of the sub- 
stituents from the original planar configuration of the oletin, the chlorine atoms are 
bent back twice as much as the cyan0 groups. The central C(l)-C(2) bond length of 
1.42 (3) A is larger than the value of 1.339 (2) Al5 found in free ethylene, but its relation- 
ship to the values of l-49(5) and l-62(3) A f ound in the analogous complexes of tetra- 
cyanoethylene (TCNE)’ and tetrachloroethylene (TCLE)’ is uncertain because of the 
large standard deviations. 

The Pt-P(1) and Pt-P(2) bond lengths of 2.260(6) 8, and 2.339(6) & although 
similar to the average values of 2.285 (8) and 2.289 (9) A found in the TCLE and TCNE 
complexes, do show significant differences in length. Since the P(I)-Pt-P(2) and 
C (l)-PM! (2) bond angles are 102.0(2)’ and 40.6 (9)0, respectively, one cannot, 
strictly speaking, taik about trans groups and ligands. However, it is noteworthy that 
the longer Pt-P(2) bond is “truns” to the shorter P&C(I) bond. 

The average C (1)~Cl bond length of 1.80(2) A is much closer to the average 
C-Cl distance of 1.767 (5) A f ound in saturated hydrocarbons l6 than the average value 
of 1.719 (5) A found for various substituted ethenes16. The C-Cl bond length in TCLE 
itself is 1.72(l) I%‘~. The average bond lengths of 1.42 (3) and l-13(3) A found for the 
C,C, and CB-N bonds in the C(CN)2 portion of the olefm do not differ signiticantly 
from the values of 1.441(5) and l-134(6) %L found in free TCNE”. 

Table 7 presents data on various relevant dihedral angles and vector-plane 
normal angles. Table 8 lists calculated least-squares planes through various atoms. 
The central atoms of the olefm lie strictly in the plane defined by the Pt and the two P 
atoms, there being virtually no tilt or twist of the olefm. The C(CN), group is also 
planar. 

In Table 9 we have collected information on this structure, and on the structures 
of the two analogous complexes of the oietins TCNE and TCLE. 

TABLE 7 

ADDITIONAL ANGJJS* 

Dihedral angles (“) Vector-plane normal angles (“) 

Pt-P(l)-P(2) 
Pt-C(2)-c(l) 

1.9(1.3) CW~(2) 
Pt-P(I)-P(2) 

91.8(1.3) 

C(I)-C1(2)-Cl(l) 
62.0(2.6) = TV C(l)-c(2) 

C(2)-c(3)--C(4) C(l)-c1(2)-Cl(I) 
48.4(2.3) = & 

Pt-c(q-C(2) 

C(l)-c(2)-cI(l) 

Pt_c(l)-C(2) 

C(l)-c(2)-cI(2) 

116.2(1.6) 

92.5(2.1) 

112.7(2.4) 

LI See preceding paper for a description of these angles. 
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TABLE 8 

WEIGHTED LEAST-SQUARE=5 PLANES 

Plane equation: Ax+&+ Cz = D (ii monoclinic co-ordinates). 

Plane number A B C D 

1 3.490 4.0:6 17.875 4.211 
2 6.158 11.685 - 9.989 4.480 

$1) 

P(2) 
C(1) 
C(2) 
C(3) 
C(4) 
N(l) 
N(2) 

DNIATIOXS FROM THE PLANES (A) 

Atom Plane number 

1 2 

-0.0001(9) 

O.Ow(6) 

O.OU.2(6) 
0.038(22) 

-0.006(21) 0.02(2) 
-0.07(3) 

0.01(3) 
0.06(3) 

-0.00(2) 

DISCUSSION 

The most unusual feature of the present structure is that the bond length from 
platinum to the carbon bearing two chlorine atoms is shorter than that to the carbon 
with two cyano groups. This effect is also observed in the differences between the 
TCNE CPt-C =2.10(3), 2.12 (3) A] and TCLE [Pt-C =2.05(3), 2.02 (3) A] complexes 
(Table 9). It is commonly accepted that electron-withdrawingsubstituents on ethylene 
stabilize complexes with such metals as Pt” 5V1g, Pd” ‘9 Ni” ‘I, and Rhr z2-2u. 
Assuming a correlation between bond iength and strength, one would expect that 
complexes of TCNE would have shorter platinum-carbon bond lengtbs than those 
of TCLE, since the cyan0 group is much more effective in withdrawing electrons than 
is chlorine. 

For the TCNE and TCLE complexes, we can phrase a rationalization in 
terms of MO theory. The mode125*‘6 for bonding in these compounds involves the. 
donation of electrons from the olefm n-orbital, forming a o-bond to the metal, and 
the back donation from a filled metal d-orbital to the olefm n*-orbital, forming a 
n-bond. For ethylene in Zeise’s salt, the n-bond and a-bond are of nearly equal 
importance” about 0.3 of an electron being transferred through each bond. 

This results in eIectroneutrality of the ethylene, and it is reasonable to assume 
that ethylene in Pt(H&=CHs) [P(C6H5& will also be neutral, implying equal 
amounts of forward (G) and back (rr) bonding. hloderately effective electron with- 
drawing groups, such as chlorine, will lower both the 5~ and z* olefm orbital energies, 
enhancing back-bonding into the n*-orbitai and reducing the G forward bonding 
from the rr-orbital. Since TCLE is much more difficult to remove from Pt(olefm)- 
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TABLE 9 

COMPARISON OF THE GEOMElRY OF SJZVERAL COLIPLEJCFS OF FOBMULA BIS(lRIPHEXXLPIiOSPHIbii)(OLEFIN)pt(o) 

OId-ill 

Cl,c=ccl,~ Cl,C=C(CN)zb (NC),C==C(CN)= 

i3o.d distances (A) 
Pt-P(I) 
Pt-P(2) 
P&q 1) 
PG(2) 

W-c(2) 
P(I)-Pt-P(2) 
C(l)-PCc(2) 

Angles (“) 
PtP(l)P(2)/PtC(2)C(l) 

;: 
a 

Non-bonded distances (A) 
Pt..X(l) 
PLX(2) 
Pt..X(3) 
Pt..X(4) 

Angles (“) 

W)C(~)W) 
WWPW 

2X2(7) A 
2.278(S) 
2.0.2(3) 
2.05(3) 
1.62(3) 

100.6(2) 
47.1(1.0) 

12.3(1.5) 
4?.5(3.0) 
51.3(2.5) 
81.3(2.2) 

3.267( 10) 
3.193(9) 
3.289(g) 
3.396(9) 

115.6(1.9) 
105.9(1.9) 

2.260(6) 
2.339(6) 
2.00(2) 
2.10(2) 
1.42(3) 

102.0(2) 
40.6(S) 

1.9(1.3) 8.3 
48.4(2.3) 59.7 
69.9(3.3) 56.6 
62.0(2.6) 63.8 

3267(7) 3.05 
3.304(7) 3.00 
2.85(3) 2.95 
3.06(3) 3.04 

109.7(1.3) 
113.9(2.4) 

2.291(9) 
2.288(S) 
2X(3) 
X10(3) 
1.49(S) 

101_4(3) 
41.5(1.3) 

1102(3_7) 
115.7(3.4) 

LI Ref. 1. b This work. c Ref. 2. Values @en without errors were calculated by us from the data of ref. 2. 

[P(C,H&], than is ethylene, we conclude that the increase in n-bonding more than 
compensates for decreased r~ bonding. Very powerful electron-with&awing groups, 

such as CN, will lower the x and x* olefm orbitals much further, to the point where 
electron donation from the x-orbital to form a o-bond is of very little importance. 
There is a limit, however, to the strength of the z-bond that can be formed. We believe 
that this limit is reached in R(TCNE)[P(C,H,),], and that, compared with Pt- 
(TCLE) [P(C,H,)&, the increase in 7~ back bonding cannot compensate for the 
loss of o-bonding. 

The use of n and z* olefm orbitals assumes that the carbon orbitals are equiva- 
lent. Since this is not the case in Pt [Cl,C=C (CN);I [P (CsH,)J2 it is more convenient 
to rephrase the discussion above in terms of the individual carbon 2p orbitals. From 
this viewpoint, the carbon atoms of ethylene would be bound to platinum by a purely 
covalent bond, of bond order less than one. The TCLE molecule, with both ionic and 
covalent contributions to its bond strength, is held more tightly than either ethylene 
or TCNE, the carbon-platinum bonds of which are almost entirely ionic. These 
arguments predict, in other words, a large contribution of the resonance form: 
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to the ground state of the molecule. Ashley-Smith et ai.” have postulated precisely 
such a structure as an intermediate in the addition of 1,2-dichloro-1,Zdifluoroethylene 
to bis(triphenylphosphine)sti~beneplatinum. 

The longer P&-P bond trams to the CC!!, group may k understood in terms of 
a pure c trans effect, since there are no metal orbitals which interact with any oiefm 
orbitals and the phosphorus d-orbital. In compounds in which the o tram effect is 
operative, the stronger c donor iengthens the bond of the l&and trans to it2gn30, and 
the CCL, group is certainly a better donor than the C (CN), group. We cannot explain, 
however, why the platinum-phosphorus distances of the TCNE complex are the 
same as those iu the TCLE complex. 

The bending back of the ethylene substituents from the usual planar structure 
is caused by the increased electron density in the olefm n*-orbital. The fact that cyano 
groups are bent through a smaller angle than the chlorine atoms, in spite of the 
presumably greater occupancy of the x*-orbital in the TCNE complex, is presumably 
due to the interaction of the cyanide porbitak with the electron density of the carbon 
p-orbital. 

ACKNOWLEDGEMENTS 

We are indebted to the donors of the Petroleum Research Fund, administered 
by the American Chemical Society, for their support of this work. We thank Professor 
R. G. Pearson for several illuminating discussions. 

REFERENCES 

1 J. N. FRANCIS, A. M&DAM AND J. A. IBERS, J. Organomeral. Chem., 29 (1971) 131; preceding paper. 
2 G. Bosmrw, E. FORSELUNI, C. P.~NA~NI, R. GRAZUNI, AND G. BAhpoLl J. C/rem. Sot. A, (1970) 

1313. 
3 J. K. STALICiC AND J. A. IBER& J. Amer. C/mm Sm., 92 (1970) 5333. 
4 A. D. JOSEY, C. L. DICXEN~UN, K. C. Dn-, mw B. C. McKusrc, J. Org. Chenr., 32 (1967) 1941. 
5 J. CHA?T, B. L. SHAW AND A. A. WILLIAMS, J_ Chem Sot. A, (1962) 3269. 
6 W. J. BLAND, J_ BURG- AND R D. W. Kmmn~, J. Organometal. Chem., 15 (1968) 217. 
7 P. W. R. CORFIELD, R. J. D~EDENS ANO J. k IBERS, Inorg. Chem., 6 (1967) 197. 
8 R. J. D~ECENS AND J. A. IBERS, Inorg. Chem., 6 (1967) 204. 
9 S. I LA BACA AND J. A. IBERS, Acfu CrysfaHogr-, 18 (1965) 511. 

10 J. A IBJZRS, International Tables for X-ray Crystafiography, Vol. 3. Kynoch Press, Birmingham, 1962. 
I1 D. T_ CROCK AND J. T. WABER, Acra Crysralfogr., 18 (1965) 104. 
12 R. F. STEWART, E. R DAVUSON AND W. T. Silrrpsort, J. Chem. Phys., 42 (I 965) 3175. 
13 D. T. CROMER, Acta CrystaMogr., 18 (1965) 17. 
14 J. A. IBERS AND W_ C.. HAMILTON, Acta CrystaIlogr_. 17 (1966) 781. 
15 J. M. D~WLING AND EL P. STOICHEFF~ Can. J. Phys., 37 (1959) 703. 
16 L. E_ SUTTON, Interatomic Distances Supplement, Special Publication No. 18, The Chemical Society, 

London, 1965. 
17 I. KARLE AND J. KARLE, J. Chem. Phys., 20 (1952) 63. 
18 D. A BEKOE XG~ K. N. TRUEBLOOD. (1967) private communication. 

J. Organometal. Chem, 29 (1971) 149-161 



BIS(TRIPHENYLPHOSPHINE)( i ,I -DICJXORO-2,2-DICYANOEXHYLENE)PLATNUM(~) 161 

19 M. GFEEN, R. B. L. Osxxw, A. 3. -AND F. G_ A. STOW J. Chem. Sot. A, (1968) 2525. 
20 B. CLARKE, M. GREEN, R. B. L. C~BORN AND F. G. A. STOAE, J. Chem. Sue A, (1968) 167. 
21 C. S- CUNDY, Ilk GREEN Ah?, E G. A STONE, J- Chem_ SIX. A, (1968) 1647. 
22 R CRAFER, J. Amer. Chem. Sot., 89 (1967) 4621. 
23 R &AMER, J. B. K.LINE AM) 3. D. ROBERTS, J. Amer. Chem. Sot., 91 (1969) 2519. 
24 M. J. MAX5 AND G. WILKINSON, J. Chem. Sot., (1965) 6629. 
25 M. 3. S. DEWAR, Bidi. Sot. Chinr. Fr., I8 (19.51) C7’1. 
26 J. CHKIT AND L. A. DUNCANSON, J. Chem. Sot., (1953) 2939. 
27 J. W. MOORE, Acra Chem_ &and_. 20 (1966) 1154. 
23 J. ASELEY-Smm, M.. GREEN AND D. C. WOOD, J. Chem. See. A, (1970) 1847. 
29 R. MCWEENY, R MASON AND A_ D. C TOWL, Discu.ss~ Faraday Sot., 47 (1969) 20. 
30 G. PXLCZHER AND H. A Sxcrnm J. Inorg. Nud Chem., 24 (1962) 937. 

J. Orgunometal. Chem, 29 (1971) 149-161 


