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STRUCTURES OF POLYFLUOROAROMATIC COMPOUNDS. 

PART VIII.* SYNTHESIS AND CRYSTAL STRUCTURE OF 

E. J. FORBES, N. GOODHAND, T. A. HAMOR and N. IQMJPOOR 

Department of Chemistry, University of Birmingham, Birmingham B15 2TT 

(Great Britain) 

SUMMARY 

Reaction of perfluorodiphenylethyne with cyclopentadienylnickel- 

carbonyl dimer gives U-(perfluorodiphenylethyne)-bis(q'-cyclopenta- 

dienylnickel). The crystal structure of this complex has been deter- 

mined from X-ray data collected by counter methods. The Ni-Ni bond 

length is 2.329(2) i. Each end of the bridging ethyne moiety is 

symmetrically bonded to both nickel atoms with Ni-C distances in the 

range 1.899(12) - 1.924(10) i. Angles C-C-C&F. are 141.2(10) and 

142.7(11)" and the formal triple bond is lengthened from ea. 1.20 to 

1.362(17) I, the ethyne ligand adopting a cis-bent geometry, character- 

istic of other complexed ethynes. The cyclopentadienyl rings are 

essentially planar and are each oriented very nearly perpendicular to 

the Ni-centre of ring vector. The crystals are monoclinic, space 

group P2,/c, with a = 17.05(l), b = 8.25(l), c = 15.695(10) 1, 8 = 

99.86(5)" and four molecules in the unit cell. The structure has been 

refined to R 5.3% for 1324 observed amplitudes. 

INTRODUCTION 

Reaction [l] of [(n5-C,H,)2Ni(C0)2]2 (I) or (q5-C,H,),Ni with alkynes 

RCZCR' (R,R' = H,C6H,,CHS, etc.) results in the formation of ethyne 

bridged species. The structures of two of these complexes, (II) and 

(III), and of the analogous compound (IV) have been determined [2-41 by 

X-ray crystallography. 

* Part VII: M.J.Hamor and T.A.Hamor, Acta Cryst., B36 (1980). In the press. 
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R 

I 
C 

/I\ / H5C5-N~ -NI---C.$~~ 
HSCS \I/ C 

k, 
(1) Involves overlap of a carbon pn orbital with a 

hybrid u-type acceptor orbltal of the metal and a synergically related 

back-donatlon of electron density from a fllled metal dn orbltal Into a 

vacant antIbondIng pn* orbltal of the llgand. Ethynes having two sets 

of 71 and n* orbltals orthogonal to each other, permit bonding InteractIon 

also between the second set of 71 orbltals and appropriate metal orbltals, 

or equvalent bonding to two metal atoms. 

The crystallographic studies of the complexes (II) - (IV), and of 

other metal-alkynes, show [2-4,9] that the llgand 1s symmetrIcally 

disposed with respect to the metal and assumes a cls-bent geometry with 

a lengthened C-C bond. Spectroscopic studies [lo] lndlcate that the 

electron conflguratlon of complexed ethynes resembles that of ethenes, 

with at least partial rehybrldization of the carbon atoms, sp + sp'. 

Blizzard and Santry [11] concluded from CNDO calculations that the degree 

of bendlng depends on the extent of the dn - pn* back donation. Electro- 

negative substltuents attached to the ethyne may therefore Influence the 

bonding and geometry of such complexes by enhancing the metal to llgand 

back donation, and this effect has been Invoked [4] to account for 

certain features of the structure (IV). Here the bonds between the 

nickel atoms and the carbon atom bearing the electronegative trlfluoro- 

methyl substltuent are shorter than those lnvolvlng the carbon atom 

bearing the oxodiphenylphosphlno group, and the C-C-CFB angle, 141", 1s 

closer to 120" than the C-C - P(0)(CLHS)Z angle at 150". Comparison of 

pertinent features of the molecular geometry of (~5-CSH,N1),C6F,C~CC.Fs 

(V), whose synthesis and crystal structure we now report, with those 

determlned for (II) - (IV) ~111 be of relevance In assessing the effect 

of the electronegative fluoro-substltuents on bonding and geometrv. 
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RESULTS AND DISCUSSION 

The complex (V) was prepared from perfluorodiphenylethyne [lo] and 

cyclopentadienylnickelcarbonyl dimer as described [1] for the hydrocarbon 

analogue. Its stereochemistry determined from three-dimensional X-ray 

counter data is illustrated in Figure 1, which also shows the atomic 

numbering. Fluorine and hydrogen atoms are assigned the number of the 

carbon atom to which they are linked. Atomic coordinates are given in 

Table 1 and bond lengths and valence angles with their estimated 

standard deviations are given in Table 2. 

Fig.1. Stereoscopic view of the molecule W) 

Each nickel atom is coordinated to the two ethynyl carbon atoms, a 

cyclopentadienyl ring and another nickel atom. The Ni-Ni bond is almost 

perpendicular to the C-C bond, and the Ni2C2 fragment, together with the 

adjacent atoms C(6) and C(9), possesses approximate mm (C2v) symmetry. 

The molecule as a whole, however, does not have this symmetry due to the 

orientations of the cyclopentadienyl and pentafluorophenyl rings. These 

rings are all essentially planar (Table 3). The bonding of the nickel 

atoms to the cyclopentadienyl rings is nearly symmetrical, all Ni - C 

distances falling within the range 2.079 - 2.125 1. The four Ni - C 

(ethynyl) distances are also nearly equal, ranging from 1.899 to 1.924 w. 



C 

C 
(1) -C(2) -C(3) 117.7(13) C(10) -C(U) -C(12) 118.9(16) 
(1) -C(2) -F(2) 123.3(14) C(10) -C(ll) -F(U) 120.1(14) 

C(3) -C(2) -F(2) 119.0(14) C(12)-C(U) -F(U) 121.0(13) 
C(2) -C(3) -C(4) 120.3(14) C(U) -C(12) -C(13) 121.3(13) 
C(2) -C(3) -F(3) 121.6(13) C(11) -C(12) -F(12) 118.1(17) 
C(4) -C(3) -F(3) 118.1(15) C(13) -C(12) -F(12) 120.5(16) 
C(3) -C(4) -C(5) 121.4(14) C(12) -C(13) -C(14) 116.6(15) 
C(3) -C(4) -F(4) 121.0(13) C(12) -C(13) -F(13) 120.0(12) 
C(5) -C(4) -F(4) 117.6(U) C(14) -C(13) -F(13) 123.4(15) 
C(4) -C(5) -C(6) 120.1(11) C(13) -C(14) -C(9) 127.5(15) 
C(4) -C(5) -F(5) 119.8(11) C(13) -C(14) -F(14) 115.9(14) 
C(6) -C(5) -F(5) 120.2(11) C(9) -C(14) -F(14) 116.6(11) 
C(20) -C(21) -C(22) 106.5(12) C(15) -C(16) -C(17) 105.4(15) 
C(21)-C(22)-C(23) 110.0(12) C(16) -C(17) -C(lE) 110.5(15) 
C(22) -C(23) -C(24) 107.1(12) C(17) -C(lE)-C(19) 109.9(15) 
C(23) -C(24) -C(20) 106.2(13) C(18) -C(19) -C(15) 105.0(15) 
C(24) -C(20) -C(21) llO.l(ll) c(19) -C(15) -C(16) 109.2(15) 

*Cp(l) and Cp(2) are the centres of cyclopentadienyl rings C(20) - (24) 
and C(15) - (19), respectively. 
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TABLE 3 

Mean plane calculations 

(a) Deviations (i) from least-squares planes 

Plane (1): phenyl ring C(1) - (6) 

C(1) 0.004, C(2) -0.008, C(3) 0.007, C(4) -0.002, 
C(5) -0.003, C(6) 0.001, C(7) -0.066, F(1) -0.008, 
F(2) 0.000, F(3) 0.052, F(4) -0.009, F(5) -0.046 

Plane (2): phenyl ring C(9) - (14) 

C(9) -0.013, C(10) 0.000, C(l1) 0.014, C(12) -0.017, 
C(13) 0.004, C(l4) 0.011, C(8) -0.002, F(10) 0.053, 
F(U) 0.008, F(12) -0.006, F(13) -0.006, F(14) 0.002 

Plane (3): cyclopentadienyl ring C(15) - (19) 

C(15) 0.011, C(16) -0.006, C(17) -0.001, C(18) 0.008, 

C(l9) -0.011, Ni(2) 1.736 

Plane (4): cyclopentadienyl ring C(20) - (24) 

C(20) -0.009, C(21) 0.013, C(22) -0.012, C(23) 0.006, 

C(24) 0.002, Ni(1) 1.716 

Plane (5): ethyne moiety C(6) - (9) 

C(6) -0.018, C(7) 0.048, C(8) -0.049, C(9) 0.018 

(b) Interplanar angles (") 

(l)- (2) 53.1 (2) - (5) 34.8 
(1) - (5) 26.8 (3) - (4) 69.4 
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ethyne ligand [ll]. The order of increasing electronegativities of 

the groups R,R' is P < H < CeH, < C.FT < CFs [15,16], i.e. compound 

IV(P) < II'< III < v < IV(CFB), but with only a small difference 

between CeH5 and C6FY [16]. 

The Ni - C(ac) distances, apart from those in (IV), do not show the 

expected trend. On the other hand, the acetylenic bond lengths do 

increase in the order (II) < (III) < (V), although the differences are 

not statistically significant, and with the exception of structure (III), 

the ethynyl bending angles C(ac) - C(ac) - R,R' also show the expected 

trend. 
.t 

The C(ac) - C(ac) - P angle of structure (IV) may however be 

affected to some extent by P - C n-bonding, although this effect cannot 

be large [4]. Other valence angles at Ni and C(ac) have similar 

values in the four structures. 

Apart from structure (II) with crystallographic C2v symmetry, the 

ethyne fragments are not accurately planar. The distortions (cf. 

torsion angles R - C(ac) - C(ac) - R' in Table 4) are largest in (IV) 

and (V), presumably due to the steric effect of the bulky substituents 

R,R' in these compounds. In general, however, the four structures are 

quite similar with respect to the mutual orientations of the planes of 

the cyclopentadienyl rings, the Cp-Niz -Cp plane and the Ni - Cp, Ni - Ni 

and C(ac) - C(ac) vectors. 

EXPERIMENTAL 

A solution of perfluorodiphenylethyne (60 mg., 0.167 mmol) and the 

nickel complex (I) (51 mg., 0.167 mmol) in oxygen-free toluene (20 ml) 

was refluxed under nitrogen for 1.5 hr. The cooled solution was 

filtered and evaporated to dryness. Crystallization of the residue 

from n-hexane gave U-perfluorodiphenylethyne-bis(~'-cyclopentadienyl- 

nickel) as dark green plates (81 mg., 80%), m.p. 218-219 ' 

(Found: c, 47.9; H, 1.5; F, 31.4%. Calc. for C2LH10F,,,NiZ: 

C, 47.6; H, 1.65; F, 31.4%). UV(n-hexane)Xmax 263, 368, 474 and 

660 nm (E 35860, 24260, 2426 and 1424 respectively). 

t 
It may be noted that the structural parameters of (III) are based on 
photographically recorded X-ray data and are not quite as accurate as 
those determined for the other complexes from counter measurements. 
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Crystallographic measurements. 

The crystals were I" the form of dark green, diamond shaped thl" 

plates. A crystal of dimensions 0.2 x 0.2 x 0.04 mm was mounted 

lnslde a Pantak capillary tube and alIgned about the crystallographic 

y axls, which colnclded with one of the edges of the diamond. After 

inltlal examlnatlon by photographic methods, final cell dimensions 

and Intensities were measured with a Stoe STADIZ two-circle dlffracto- 

meter using graphite monochromated MO-Ka radiation. The scan speed 

was 0.3" m1"-1 I" w with 30 s background counts at each end of the 

scan. The lntenslties of four hOR reflections were remeasured after 

each layer of data collectlo" to monitor the stability of the system. 

There was a small decrease in the intensltles of these reflections 

during the course of the data collectlo" and appropriate layer scale 

factors were applied. Of 3518 unique reflections scanned wlthln the 

range 0.1 < slnf3/h < 0.61 i-', 1324 [I > 2.50(I)] were consldered to 

be observed and were used in the analysis. Absorption correctlons 

were not applied. 

Crystal data. 

C~~H1,,FION~Z, M = 605.7, monoclinic, a = 17.05(l), b = 8.25(l), 

c = 15.695(10) 1, D = 99.86(5)", U = 2175 i3, 2=4,D 
C 

= 1.85 g CIII-~, 

space group P~,/c, X(MO-Ka) = 0.71069 w, u(Wo-Ka) = 1.74 mm-'. 

Structure determlnatlon. 

The posItions of the nickel atoms were determIned by direct methods, 

and these were used to phase a" electron density map from which C and F 

atoms were located. Hydrogen atoms were placed III calculated posItIons. 

The structure was refined by least-squares, coordinates and anIsotropIc 

thermal parameters being adjusted for the non-hydrogen atoms. Owing 

to the large number of parameters, the molecule was dlvlded into two 

blocks which were refined 1" alternate cycles. One block conslsted 

of the perfluorodlphenylethyne residue and the second block of the two 

cyclopentadlenyl rings with the nickel atoms common to both blocks. 

Refinement was terminated when all calculated shifts were < 0.10 and 

R 5.3% for the 1324 observed amplitudes. t The welghtlng scheme used 

t 
Lists of observed and calculated structure factors and thermal 
parameters have been deposlted (N. Goodhand, Thesis, Unlverslty 
of Birmingham, 1979). 
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in the least-squares calculations was w = l/a'(F) where o(F) is the 

estimated standard deviation in the observed amplitudes. 

Computations were carried out on the Birmingham University ICL 1906A 

computer and on the CDC 7600 at the University of Manchester Regional 

Computer Centre with SHELX [17], together with local ancillary programs. 
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