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The Chatt-Dewar description of the bonding between 
transition metals and olefins is now well accepted in the case 
of square-planar complexes of low oxidation state transition 
metals. However, this model, while being qualitatively suc­
cessful in many other cases, does not give a satisfactory in­
terpretation to the bonding mode in general. In the case of some 
Rh(I) complexes NMR spectra indicate that rotation of the 
olefinic ligand about the olefin-metal bond occurs at room 
temperature,1,2 thus implying a small or negligible T compo­
nent in the bond. 

A few crystal structures containing molecules with metal-
olefin bonds have been solved by Guggenberger et al.;3-5 in the 
rhodium complex (?j5-C5H5)Rh(C2F4)(C2H4)3 the hydrogen 
atoms of the ethylenic ligand have been clearly located, 
showing a coordination geometry essentially identical with the 
one in the Zeise's salt, with the implication that also in this case 
the w component is not important.6 

It seemed useful to us to solve and refine the crystal structure 
of the title compound, since it offered, in view of its similarity 
with (^-C 5H 5 )Rh(C 2F 4 ) (C 2H 4 ) , the possibility of studying 
the influence of other ligands in determining the balance of the 
cr and x components in the metal-olefin bond. In this context, 
of particular interest appeared to be the high basicity of tri-
phenylphosphine and the presence of the methyl substituents 
in the cyclopentadienyl ring, both factors suggesting a rela­
tively important ir component in this case, with a significant 
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electron back-donation from the metal and the establishment 
of a strong metal-olefin bond. 

Experimental Section 

Crystals suitable for x-ray diffraction measurements were obtained 
by crystallization from pentane of a product obtained by reacting 
(^-C5Me5)(PPh3)RhI2 and (CH2J4MgBr2

7. The working conditions 
of the experiment, carried out on a Philips PW 1100 automatic four-
circle diffractometer, and the crystal data are given in Table I. 

The unit cell parameters and the space group symmetry were de­
termined using the standard control program of the PW 1100 system,8 

with a randomly oriented crystal. The cell parameters were refined 
by least squares, using the 28 values of the reflections belonging to the 
AOO, OkO, 00/, and hOh reciprocal lattice rows. 

Intensity data were corrected for Lorentz and polarization effects 
but not for absorption, in view of the small crystal size and absorption 
coefficient (M). The atomic positions were determined by the heavy-
atom method and refined by least squares, minimizing Sw(F0 — Fc)

2 

with unitary weight factors, in the block-diagonal approximation.9 

The atomic scattering factors given by Cromer and Mann10 were used; 
for the rhodium atom both the real and imaginary dispersion correc­
tions11 were taken into account. 

The thermal vibration parameters were refined isotropically in a 
first stage (three cycles) and then anisotropically (three more cycles); 
at the end of this process, involving only the nonhydrogen atoms, the 
conventional R factor {R = (2|KF0 - |FC| \)/2KF0) reached a value 
of 0.057 calculated on the basis of the 2359 observed reflections. At 
this point a Fourier difference map was calculated (with F0 — Fc 
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Table II. Fractional Atomic Coordinates of 
(^-C5Me5)Rh(C2H4)(PPh3)" 

Figure 1. Computer drawing of (j75-C5Mes)Rh(C2H4)(PPh3), projected 
along the C(l)-C(2) axis. Only the ethylene hydrogens are shown for 
clarity. 

Table I. Working Conditions and Crystal Data 

Scan method o> — 20 
Scan speed 3.0deg/min 
Scan width 1.0° 
Background time (half-peak time) 2XlOs 
6 range, (d min) 3-24° (0.87 A) 
Reciprocal space explored —hmEX ^ h ^ /!max; 

k, 1>0 
Measured reflections 4082 
Observed reflections 
(/ > 3.0 (T, a2 = peak counts + total back- 2359 

grounds counts) 
Approximate crystal size (cylindrical shape) 
Power used 
Wavelength (graphite-monochromated Mo Ka 

radiation) 
RhPC30H34 MoI wt 
a =12.180 (I)A (3 = 96.60(2)° 
b = 23.416 (2) A V = 2600.0 (3) A3 

c = 9.177 (I)A Space group P2l/n 
dc= 1.35 g/cm3 Z = A 
H = 7.20 cm"1 F(OOQ) = 1096 

0.08 X 0.15 mm 
45kVX 12 mA 

0.710 69 A 

528.48 

coefficients) and 19 electron density peaks were attributed to hydrogen 
atoms (peaks range 0.6-0.3 e A - 3). 

Two more least-squares cycles, including the found hydrogen atoms 
as a fixed contribution in the calculations of the structure factors, were 
carried out giving a R value of 0.043. Another Fourier difference map 
showed all the remaining hydrogen atoms so clearly that the positional 
parameters of all the hydrogens were included in a further refinement 
in which the hydrogen thermal vibration paramaters were kept fixed 
at the isotropic value of the corresponding carbon atoms multiplied 
by a factor of 1.2. Four cycles of this refinement brought to a R factor 
of 0.037, while when the ethylene hydrogens were excluded, the R 
value, at convergence, was 0.040 (hydrogen parameter final shifts were 
less than 0.5u in the average and no final shift of the nonhydrogen 
atoms was larger than 0.25<r). 

Statistical tests, according to Hamilton,12 computed in the last 
stages of the described least-squares procedure, showed that the re­
finement of the hydrogen atoms was highly significant. In particular 

Atom 

Rh 
P 
C(I) 
C(2) 
C(3) 
C(3') 
C(4) 
C(4') 
C(5) 
C(5') 
C(6) 
C(6') 
C(7) 
C(7') 
C(IO) 
C(Il) 
C(12) 
C(13) 
C(14) 
C(15) 
C(20) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(30) 
C(31) 
C(32) 
C(33) 
C(34) 
C(35) 
H(I) 
H(l') 
H(2) 
H(2') 
H(3'.l) 
H(3',2) 
H(3'.3) 
H(4'.l) 
H(4'.2) 
H(4'.3) 
H(5'.l) 
H(5'.2) 
H(5'.3) 
H(6'.l) 
H(6'.2) 
H(6'.3) 
H(7'.l) 
H(7'.2) 
H(7'.3) 
H(Il) 
H(12) 
H(13) 
H(H) 
H(15) 
H(21) 
H(22) 
H(23) 
H(24) 
H(25) 
H(31) 
H(32) 
H(33) 
H(34) 
H(35) 

x/a 

85 752(5) 
73 530(15) 
9525 (8) 
8704(10) 
8461 (7) 
7905(11) 
8019(6) 
6887 (7) 
8845 (7) 
8729(10) 
9827(6) 

10 943(9) 
9623 (7) 

10 454(12) 
5972(5) 
5520 (6) 
4507 (6) 
3930 (6) 
4356(6) 
5378(6) 
7657(6) 
8643 (6) 
8937 (7) 
8258 (8) 
7271 (7) 
6970 (7) 
7069(5) 
7815(6) 
7669 (7) 
6780 (8) 
6026 (7) 
6179(6) 
9408 (74) 
1228(75) 
8061 (71) 
9069(74) 
7964(67) 
8365(71) 
7056(68) 
6949(61) 
6310(60) 
6677(61) 
9101 (62) 
7955 (63) 
9315(63) 

11 271(83) 
10 791 (82) 
11452(84) 
1866(81) 

11050(86) 
9806 (87) 
5961 (46) 
4199(51) 
3359 (52) 
3945 (54) 
5634 (49) 
9120(46) 
9577(52) 
8352(53) 
6763 (54) 
6234 (49) 
8418(49) 
8226 (52) 
6734 (54) 
5345 (52) 
5562(50) 

y/b 

16 551 (2) 
9509 (8) 
1389(5) 
1771 (5) 
1866(3) 
1543(4) 
2346 (3) 
2592(4) 
2567 (3) 
3098 (4) 
2250 (4) 
2401 (6) 
1834(3) 
1452(5) 
1162(3) 
1658 (4) 
1862(4) 
1573(4) 
1095 (4) 
889(3) 
288(3) 
248 (3) 

-254 (4) 
-720(3) 
-690 (3) 
-189(3) 
637 (3) 
250(3) 
20(4) 
176 (4) 
554 (4) 
786 (4) 
1067 (39) 
1479 (38) 
1671 (40) 
2062 (38) 
1756(38) 
1110(36) 
1507(37) 
2907(32) 
2246 (32) 
2747 (32) 
3455 (33) 
3112(33) 
3048 (33) 
2744(44) 
2497 (46) 
1986 (43) 
1612(44) 
1317(43) 
1114(44) 
1844(24) 
2191(27) 
1775 (28) 
858(28) 
546 (25) 
536(24) 

-271 (27) 
-1077(27) 
-1053(28) 
-163(26) 
103 (26) 

-236 (27) 
142(28) 
674 (28) 
997(26) 

z/c 

6391 (6) 
2430(18) 
-991 (11) 
-1593(9) 
2987 (7) 
4098 (9) 
2158(8) 
2261 (11) 
1429 8) 
471 (10) 
1766(9) 
1302(15) 
2794 (9) 
3653(15) 
674 (7) 
16(7) 

303 (9) 
1285(9) 
1992(9) 
1683(8) 
1278(7) 
2183(8) 
2935 (9) 
2780(8) 
1874(9) 
1131 (8) 

-1622(7) 
-2064 (8) 
-3476(8) 
-4433 (8) 
-4004 (8) 
-2604 (8) 
-1431 (96) 
-529 (94) 
-2208 (94) 
-1813(97) 
4998(89) 
4305 (94) 
3697(89) 
3132(80) 
2508(80) 
1395(79) 
1087 (82) 
99(83) 

-256(83) 
1896(112) 
233(111) 
1267(110) 
4406(108) 
2959(111) 
4182(110) 
-582(62) 
-224 (67) 
1659(70) 
2716(71) 
2102(65) 
2213(61) 
3397 (68) 
3319(69) 
1745(71) 
495 (66) 

-1378(63) 
-3753(69) 
-5309 (70) 
-4702 (69) 
-2361 (65) 

" Estimated standard deviations are in parentheses. The values are 
X105 for rhodium and phosphorus and XlO4 for all the other 
atoms. 
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Table III. Thermal Vibration Parameters of (^-C5Me5)Rh(C2H4)(PPh3)"''' 

Atom 

Rh 
P 
C(I) 
C(2) 
C(3) 
C(3') 
C(4) 
C(4') 
C(5) 
C(5') 
C(6) 
C(6') 
C(7) 
C(7') 
C(IO) 
C(Il) 
C(12) 
C(13) 
C(14) 
C(15) 
C(20) 
C(21) 
C(22) 
C(23) 
C(24) 
C(25) 
C(30) 
C(31) 
C(32) 
C(33) 
C(34) 
C(35) 

/Jn 

355(2) 
350(8) 
74(6) 

142(9) 
77(5) 

159(9) 
44(4) 
50(5) 
59(4) 

120(8) 
39(4) 
52(5) 
74(5) 

140(10) 
33(3) 
41(3) 
45(4) 
39(4) 
41(4) 
43(4) 
41(3) 
39(3) 
58(4) 
79(5) 
74(5) 
62(4) 
34(3) 
55(4) 
69(5) 
79(5) 
66(5) 
38(4) 

/?22 

364 (2) 
352(8) 
124(8) 
106(8) 
42(4) 
61(6) 
39(3) 
74(6) 
39(4) 
50(4) 
62(5) 

141 (10) 
47(4) 
81(7) 
39(3) 
46(3) 
63(5) 
79(6) 
84(6) 
56(4) 
35(3) 
35(3) 
53(4) 
39(4) 
36(4) 
36(4) 
40(3) 
47(4) 
52(4) 
60(5) 
72(5) 
57(4) 

/333 

295 (2) 
273 (7) 
87(6) 
39(4) 
26(3) 
41(4) 
43(3) 
83(6) 
38(4) 
56(5) 
63(5) 

158(10) 
48(4) 

128(9) 
34(3) 
42(3) 
48(4) 
55(4) 
47(4) 
38(3) 
30(3) 
46(4) 
43(4) 
43(4) 
59(5) 
46(4) 
31(3) 
36(4) 
38(4) 
30(3) 
27(3) 
44(4) 

012 

-49 (2) 
12(13) 

-99(11) 
-130(14) 
-40 (7) 
-65(12) 
-4 (6) 

8(8) 
-14(6) 
-52(10) 
-10(7) 
-89(12) 

24(7) 
76(14) 
-8(5) 

6(7) 
26(7) 
29(8) 
-4(7) 
-5(6) 
10(5) 
5(5) 

18(7) 
10(7) 

-16(7) 
-7(6) 

-13(5) 
6(6) 
7(7) 

-17(8) 
-3(8) 

5(6) 

/3,3 

86(1) 
10(12) 
97(10) 
68(10) 
10(6) 
64(10) 

7(6) 
16(8) 
7(6) 

32(10) 
1(7) 

96(12) 
-72(7) 

-177(16) 
6(5) 

-2(5) 
-15(6) 
-5(6) 
24(6) 
9(6) 
1(5) 

-1 (5) 
-9 (6) 
12(7) 
9(8) 

-2 (6) 
5(5) 
8(6) 

16(7) 
7(7) 

-28 (6) 
-3(6) 

/323 

-82(2) 
-20(13) 

-135(12) 
-21 (9) 
-12(5) 
-14(8) 
-17(6) 
-59(9) 
-19(6) 

2(8) 
-48 (8) 

-154(17) 
-30(6) 
-74(14) 
-17(5) 

14(7) 
-1(7) 

-38 (8) 
-14(8) 
-1(6) 

-13(5) 
8(6) 

10(7) 
8(6) 

-6(7) 
-9(6) 

-16(5) 
-5 (6) 

-10(7) 
-5 (6) 

-27 (7) 
-5 (7) 

" Estimated standard deviations are in parentheses. The thermal function is T = exp[—(dwh2a* 2 + 022k2b* 2 + /333/
2c* 2 + 0i2hka*b* 

+ 0\-$hla*c* + 02iklb*c*)/4]. The values (in A2) are XlO2 for rhodium and phosphorus and XlO for all the other atoms. b For the thermal 
parameters of the hydrogen atoms see text. 

Table IV. Selected Interatomic Distances of 
(y5 - C5Me5)Rh(C2H4)(PPh3)" 

Table V. Selected Interatomic Angles of 
tf - C5Me5)Rh(C2H4)(PPh3)" 

Rh-C(I) 
Rh-C(2) 
Rh-P 
Rh-C(3) 
Rh-C(4) 
Rh-C(5) 
Rh-C(6) 
Rh-C(7) 
P-C(IO) 
P-C(20) 
P-C(30) 
C(l)-C(2) 
C(3)-C(3') 
C(4)-C(4') 
C(5)-C(5') 
C(6)-C(6') 
C(7)-C(7') 
C(3)-C(4) 
C(3)-C(7) 
C(4)-C(5) 

2.089(11) 
2.096 (9) 
2.223 (2) 
2.230(7) 
2.288 (7) 
2.266 (7) 
2.230(8) 
2.266 (8) 
1.839(7) 
1.835(7) 
1.859(7) 
1.408(16) 
1.494(13) 
1.507(12) 
1.520(12) 
1.513(14) 
1.504(15) 
1.427(10) 
1.448(12) 
1.372(11) 

C(5)-C(6) 
C(6)-C(7) 

C(IO)-C(Il) 
C(10)-C(15) 
C(ll)-C(12) 
C(12)-C(13) 
C(13)-C(14) 
C(14)-C(15) 
C(20)-C(21) 
C(20)-C(25) 
C(21)-C(22) 
C(22)-C(23) 
C(23)-C(24) 
C(24)-C(25) 
C(30)-C(31) 
C(30)-C(35) 
C(31)-C(32) 
C(32)-C(33) 
C(33)-C(34) 
C(34)-C(35) 

1.410(11) 
1.398(12) 
1.393(10) 
1.394(10) 
1.377(11) 
1.381 (12) 
1.367(13) 
1.394(11) 
1.382(9) 
1.393(10) 
1.389(11) 
1.367(12) 
1.383(12) 
1.385(11) 
1.377(10) 
1.373(9) 
1.395(10) 
1.364(11) 
1.365(13) 
1.389(10) 

" The given values are in A units and the estimated standard de­
viations are in parentheses. 

the inclusion of the ethylene hydrogens brought an improvement in 
the R value which was significant at the level a = 0.001, with Rq/Ro 
> Rb,n-m.a= 1.0084, where Z) = 12,« = 2359, and m =424 (for the 
meaning of these symbols see ref 12). Moreover, in a final Fourier 
difference map, for which only the ethylene hydrogens were not in­
cluded in the structure factor calculations, the ethylene hydrogen 
peaks showed up in positions whose coordinates did not differ from 
the ones obtained from the refinement by more than 2cr, while the 

C(l)-Rh-C(2) 
-P 
-P 
-C(2) 

C(I)-Rh-
C(2)-Rh-
Rh-C(I)-
Rh-C(2)-C(l) 
P-Rh-C(3) 
P-Rh-C(4) 
P-Rh-C(5) 
P-Rh-C(6) 
P-Rh-C(7) 
Rh-P-C(IO) 
Rh-P-C(20) 
Rh-P-C(30) 
C(4)-C(3)-C(7) 
C(3)-C(4)-C(5) 
C(4)-C(5)-C(6) 
C(5)-C(6)-C(7) 
C(6)-C(7)-C(3) 
C(10)-P-C(20) 
C(IO)-P-
C(20)-P-
P-C(IO)-C(Il) 
P-C(10)-C(15) 
P-C(20)-C(21) 

-C(30) 
-C(30) 

39.3 ( 
94.4 
93.4 
70.6 
70.1 

102.0 
112.6 
145.1 
161.6 
125.4 
112.2 
116.8 
119.6 
106.9 
107.7 
110.2 
107.6 
107.3 
104.6 
103.1 
98.5 

117.2 
125.3 
118.6 

4) 
3) 
3) 
6) 
6) 
2) 
2) 
3) 
3) 
5) 
2) 
2) 
2) 
6) 
6) 
6) 
7) 
7) 
3) 
3) 

(3) 
(5) 
(7) 
(5) 

P-C(20)-C(25) 123.0(6) 
P-C(30)-C(31) 118.2(5) 
P-C(30)-C(35) 123.5 (6) 
C(10)-C(ll)-C(12) 121.7(6) 
C(ll)-C(12)-C(13) 119.3(6) 
C(12)-C(13)-C(14) 121.1(8) 
C(13)-C(14)-C(15) 119.1(7) 
C(14)-C(15)-C(10) 121.4(7) 
C(15)-C(10)-C(ll) 117.4(7) 
C(20)-C(21)-C(22) 120.9(6) 
C(21)-C(22)-C(23) 120.4(7) 
C(22)-C(23)-C(24) 119.7(8) 
C(23)-C(24)-C(25) 120.1 (7) 
C(24)-C(25)-C(20) 120.7 (7) 
C(25)-C(20)-C(21) 118.3(6) 
C(30)-C(31)-C(32) 120.6(7) 
C(31)-C(32)-C(33) 120.1 (7) 
C(32)-C(33)-C(34) 120.0(8) 
C(33)-C(34)-C(35) 119.8(7) 
C(35)-C(30)-C(31) 118.2(7) 
C(34)-C(35)-C(30) 121.3(7) 

" The reported values are in degrees and the estimated standard 
deviations are in parentheses. 

shapes of the contour lines were almost identical with the ones of the 
difference map calculated at the R-value level of 0.043. 

The fractional coordinates of all the refined atoms and the aniso­
tropic thermal parameters of the nonhydrogen atoms are given in 
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Table VI. Selected Best Planes through Groups of Atoms in the Structure 

Groups 

Phenyl ring n.\ 
Phenyl ring n.2 
Phenyl ring n.3 
Cyclopentadienyl i •ing 

" h is the mean square displacement in A units. 

Table VII. C-H Distances (A)" 

C(3')-H(3'.l) 
C(3')-H(3'.2) 
C(3')-H(3'.3) 
C(4')-H(4'.l) 
C(4')-H(4'.2) 
C(4')-H(4'.3) 
C(5')-H(5'.l) 
C(5')-H(5'.2) 
C(5')-H(5'.3) 
C(6')-H(6'.l) 
C(6')-H(6',2) 
C(6 )-H(6 .3) 
C(7')-H(7'.l) 
C(7')-H(7'.2) 
C(7')-H(7'.3) 

0.96 (8) 
1.16 (9) 
1.06(8) 
1.09(7) 
1.11 (8) 
0.89(7) 
1.08(8) 
0.97 (8) 
1.04(8) 
1.03(10) 
1.00(10) 
1.16 (10) 
0.89(10) 
1.07(11) 
1.26(11) 

C(Il)-H(Il) 
C(12)-H(12) 
C(13)-H(13) 
C(14)-H(14) 
C(15)-H(15) 
C(21)-H(21) 
C(22)-H(22) 
C(23)-H(23) 
C(24)-H(24) 
C(25)-H(25) 
C(31)-H(31) 
C(32)-H(32) 
C(33)-H(33) 
C(34)-H(34) 
C(35)-H(35) 

Plane equations 

0.454 99x + 0.557 68>> + 0.694 58z - 4.663 32 = 0 
-0.461 09.x + 0.313 44 .y + 0.830 15z + 3.977 47 = 0 
-0.527 4Ox -- 0.752 86^ + 0.393 76z + 6.607 18 = 0 

0.254 14x + 0.619 73^ + 0.742 53r - 6.492 9 1 = 0 

0.90 (6) 
0.97 (6) 
0.97 (7) 
1.08(7) 
0.96 (6) 
0.89(6) 
0.85(7) 
0.95(7) 
1.04(7) 
1.05(6) 
0.98 (6) 
1.00 (6) 
0.78 (7) 
0.99(7) 
0.92 (6) 

8" 

0.009 
0.002 
0.004 
0.022 

Table VIII. Bond Distances (A), Angles (deg), and Torsion Angles 
(deg) Describing the Conformation of the Ethylene Li 

C(I)-H(I) 0.86(9) C(2)-H(2) 
C(I)-H(I') 0.94(9) C(2)-H(2') 

C(2)-C(l)-H(l) 107(6) C(l)-C(2)-H(2') 
C(2)-C(l)-H(l') 127(6) C(l)-C(2)-H(2) 
H(I)-C(I)-H(I') 120(8) H(2)-C(2)-H(2') 

H(l)-C(l)-C(2)-H(2) 
H(l)-C(l)-C(2)-H(2') 
H(2)-C(2)-C(l)-H(l') 
H(2')-C(2)-C(l)-H(l') 

" The estimated standard deviations are in parenthe 

igand0 

0.94(8) 
0.85 (9) 

104(6) 
126(6) 
119(8) 

13 
129 
168 
26 

:ses. 

" Estimated standard deviations are in parentheses. 

Tables II and III, respectively. A list of observed and calculated 
structure factors is available.19 

Results and Discussion 

The crystal structure is based on the packing of molecules 
(?75-C5Me5) (PPl^)Rh(C2H4) with no intermolecular distance 
smaller than the sum of the commonly accepted van der Waals 
radii. 

As shown in Figure 1, in the molecule, of approximate Cs 
symmetry, the rhodium atom is coordinated to a pen-
tamethylcyclopentadienyl ring (thereafter indicated as 
Me5Cp), a triphenylphosphine molecule, and the ethylene Ii-
gand, with the approximate mirror plane passing through the 
Rh and P atoms and the middle point of the olefinic C-C 
bond. 

The nonhydrogen atom distances and angles are given in 
Tables IV and V and the equations of some best planes through 
groups of atoms are reported in Table VI. The C-H distances 
are given in Table VII. 

We feel that the small dispersion of the phosphine C-C 
distances about their average value of 1.382 (10) A (very close 
to the theoretical value) and the small mean square displace­
ments of the C atoms from the best planes computed for the 
phenyl rings constitute a proper basis for assessing the reli­
ability of this structure determination. 

It may be interesting to compare the general features of the 
present structure with the ones of 7r-cyclopentadienyleth-
ylenetetrafluoroethylenerhodium, (C5H5)Rh(C2F4)(C2H4),3 

and the ones of 7r-tetraphenylchlorocyclopentadienylbis(eth-
ylene)rhodium, (??5-C5(C6H5)4Cl)Rh(C2H4)2,

13 which were 
solved and refined with comparable accuracy and precision. 
Also in these cases the molecular symmetry is close to being 
the one of point group Cs with the pseudo-mirror plane passing 
through the middle point of the C-C bond of the ethylenic Ii-
gand (or ligands). This plane is also a pseudo-symmetry ele­
ment for the cyclopentadienyl ring, lying perpendicularly to 
it and passing close to one of its carbon atoms. 

The Rh-C(Cp) bonds can be grouped in two sets, one con­
taining three values and averaging 2.273 A and the other (two 
values) for which the mean value is 2.230 A. In the ring only 
one C-C distance (1.372 A) is significantly different from the 

average of the others (1.421 A). A similar situation was found 
by Ibers14 in the complex (dibenzylideneacetone)(pen-
tamethylcyclopentadienyl)rhodium(I) where also two sets of 
Rh-C(MeC5) distances (2.235 and 2.204 A) were determined; 
however, in the latter complex the effect seems to be smaller 
as indicated also by the fact that no significant differences are 
seen among the C-C(Cp) distances. The present results are 
consistent with a ring structure characterized by some local­
ization of electron charge on one of the five C-C bonds and 
indicate that of the two localized forms15 A and B the largest 

B 

contribution comes from A. This was also shown to be the case 
in (C5H5)Rh(C2F4)(C2H4),3 while Day et al.15 found that 
form B gives a significant contribution in three ^-cyclopen­
tadienyl metal derivatives. 

The carbon atoms of the five CH3 groups are significantly 
out of the average plane (for the equation of this plane see 
Table VI) of the Cp ring on the side of the plane which is fur­
ther from the metal atom. 

The ethylene C-C bond distance (1.408 A) is larger than 
the corresponding distances in the Zeise's salt and in the un­
coordinated molecule, while the average Rh-C(C2H4) distance 
(2.093 (9) A) is very significantly shorter than the corre­
sponding average distance in (C5H5)Rh(C2F4)C2H4)3 (2.167 
(5) A). As reported in the Experimental Section the ethylene 
hydrogen atoms were clearly located in a Fourier difference 
map (Figure 2) and their positions were refined by least 
squares. 

All the bond distances and angles and the torsion angles 
relevant to the description of the ethylene conformation are 
given in Table VIII. 

Clearly (see also Figure 2) the ligand geometry of ethylene 
strongly deviates from the one of the free molecule and is 
characterized by both a bending back—away from the 
metal—of the hydrogen atoms and a torsion of the CH2 groups 
about the C-C bond axis. Since no inter- or intramolecular 
distance involving the ethylene hydrogens is shorter than the 
sum of the van der Waals radii, these conformation distortions 
can be attributed essentially to eletronic factors. 
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Figure 2. (a) Ethylene hydrogens, as shown by the Fourier difference map 
calculated at the /?-value level of 0.037. Contours are drawn at intervals 
of 0.1 e. Dots represent least-squares refined ethylene atomic positions, 
(b) Perspective drawing of the distorted ethylenic ligand and of its coor­
dination bond to rhodium. 

One-half (20°) of the difference of the torsion angles 
H(l)-C(l)-C(2)-H(2') and H(2)-C(2)-C(1)-H(T), which 
correspond to the dihedral angles y and y' defined by Ittel and 
Ibers,16 is a measure of the twist of the CH2 groups relative to 
each other about the C-C bond axis in the olefinic ligand and 
constitutes a clear trend toward the staggered geometry 
characteristic of the first excited state of the free mole­
cule.17 

The bending back can be described by the angle 0 defined16 

as the angle between the C-C bond axis and the normal to the 
CH2 plane. In the present case for the H(I)-C(I)-H(T) group 
the (3 value is 71°, not far from the average value (69.1°) found 
in (^-C5H5)Rh(C2F4)(C2H4),3 while for H(2)-C(2)-H(2') 
this value is 61 °, much closer to the value (54.8°) computed3 

for an idealized tetrahedral geometry of the carbon atoms. We 
are not able to offer an easy explanation for this apparent 
dissymmetry in the coordinated ethylene conformation. 

Both features, the relative twist of the CH2 groups and their 
bending back, together with the very short average Rh-
C(C2H4) distance and the long C-C bond, are in agreement 
with a relatively strong IT component in the metal-olefin bond 
and with the proposition put forward by McWeeny et al.,18 that 
charge distributions and geometries of unsaturated ligands 
tend to be identical with those of the corresponding isolated 
molecules in their first excited triplet states. 

The observations leading to the above conclusions about the 
weight of the -IT component in the metal-olefin bond, as com­
pared with the case of (C5H5)Rh(C2F4)(C2H4), constitute 
direct experimental evidence of the effect of ligand substitution 
on the ground state properties of rhodium-ethylene complexes 
and show the usefulness of systematic diffraction studies of 
comparable accuracy and precision on classes of isostructural 
complex molecules containing different ligands as well as 
different metals in various oxidation states. 
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