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Horno-Diels-Alder Addition of Hexafluorobut-2-yne to a Norbornadiene Rhodium( I) 

Complex : The Crystal Structure of the Adduct [RhCl(norbornadiene)(C,F,)], 
By J. A. EVANS, R. D. W. KEMMITT, B. Y .  KIMURA, and D. R. RUSSELL* 

(Chemistry Department, The University, Leicester LE 1 7RH) 

Suvnmary Acetylacetonato (norbornadiene) rhodium(1) re- 
acts with 2 mol. equiv. of hexafluorobut-2-yne to give a 
complex in which one molecule of the acetylene links the 
diene to the rhodium via a rhodiacyclopentene ring; 
however, hexafluorobut-2-yne and chloro (norbornadiene) - 
rhodium(1) dimer give a tetramer, [RhCl(norbornadiene)- 
(C,F,)],, which is shown by X-ray studies to contain a 
novel homo-Diels-Alder adduct of the diene and the 
acetylene. 

WE have shown1 that hexafluorobut-2-yne undergoes 1 : 4 
addition to the rhodium acetylacetonate ring in acetyl- 

'CH, 

G 
(4 

acetonato(cyc10-octa-1, &diene)rhodiurn(~). In the reaction 
the co-ordinated cyclo-octadiene is replaced by hexakistri- 
fluoromethylbenzene. However, in a corresponding re- 
action of hexafluorobut-2-yne with acetylacetonato(nor- 
bornadiene)rhodium(I) diene displacement does not occur, 
and yellow crystals of (I), m.p. 1'77-179" (decornp.), are 

produced. In this adduct one molecule of hexafluorobut- 
2-yne has undergone the 1:4  addition [to the Rh(acac) 
system] as before,l deduced from i.r. and lH and 19F n.m.r. 
spectroscopic evidence. Additional 19F n.m.r. absorptions 
a t  -8.0 (9, 3F, JF--F 17 Hz) and -5.8 p.p.m. (9, 3F, 
17 Hz) (relative to benzotrifluoride) and lH absorptions a t  
T 2.8 (lH), 3.6 (1H) 6-0 ( lH),  6.4 ( lH) ,  6.6 ( lH),  6.9 ( lH) ,  
and 8.0 (2H) (all broad peaks) are consistent with the for- 
mulation of the product as (Ia) or (Ib), in which a second 
molecule of hexafluorobut-2-yne completes a five-membered 
ring with the rhodium and one olefin bond of the diene. 
The lH resonances a t  T 2.8 and 3.6 suggest that in solution 
the remaining olefinic bond is not co-ordinated. 

Reaction of hexafluorobut-2-yne with chloro(norbor- 
nadiene)rhodium(I) dimer a t  25' in benzene gives yellow 
crystals of an adduct (11) with empirical formula [RhCl- 
(C,H,)C4F6], ; the corresponding bromo-complex can also be 
obtained. Molecular weight determinations on (11) give 
values of n between 3 and 4. In contrast to (I), the 19F 
n.m.r. spectrum of (11) contains a single absorption a t  
-4-8 p.p.m. a t  35 "C which separates into two absorptions 
a t  -5-3br (3F) and -3-6br p.p.m. (3F) at  -50 "C. lH 
n.m.r. absorptions occur a t  T 6.61 (t, 2H), 6.9br (lH),  

FIGURE. A view (without hydrogen atoms) of par2 of the adduct 
[RhC1(CllH,F6)],, showing the Rh,Cl, cage and one of the homo- 
Diels-A lder adduct ligands. Partial bonds to the omitted adduct 
ligands are also shown. Average bond lengths (A) with s.d.s: 
Rh-C1 (trans to u-C) 2.650 f 0.009: mean of 8; Rh-C1 (trans to 
C=C) 2.427 f 0.009: mean of 4; Rh-C (a-bonded) 2.081 f 0.036: 
mean of 8; Rh-C (olefinic) 2.151 f 0.025: mean of 8;  C = C  
(co-ordinated) 1-398 f 0.011: mean of 4. The e.s.d.'s of individual 
bonds are Rh-Cl 0.005, Rh-C 0.02, C-C 0-035 A. 

7.3br (lH),  7.6br (2H), and 9-35br (s, 2H). An X-ray single- 
crystal structure determination has demonstrated that (11) 
has the formulation shown; in the solid state n is 4. A 
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hexafluorobut-2-yne molecule has undergone homo-Diels- 
Alder addition to the co-ordinated norbornadiene ligand in 
a similar manner to that reported for the free molecule.a 
However, the resulting polycyclic adduct remains co- 
ordinated to the metal via the C=C bond of the acetylenic 
fragment and two Rh-C a-bonds arising from carbon atoms 
which would have completed a three-membered ring in the 
unco-ordinated adduct. The Rh atom may therefore be 
considered to have undergone oxidative insertion into this 
C-C bond, although no details of the reaction mechanism 
are yet available. 

Crystal Data : C44H,,Cl,F,,Rh, ; M = 1570.2; monoclinic, 
space group, P2,/c, a = 19.48, b = 12.21, c = 24-63 %., 

= 109-6', U = 5578 %.a, 2 = 4, D, = 1.87 g ~ m - ~ ;  R for 
5614 reflections (Cu-K,) is 0.102 at  the present stage of 
refinement (block-diagonal least-squares, Rh and C1 only 
anisotropic), data collected by Stoe automatic diffracto- 
meter. 

Some details of the molecular geometry are shown in the 
Figure. The tetramer has almost perfect S, symmetry. 
Four Rh atoms define the apices of a tetrahedron and are 
bridged by four C1 atoms located over the tetrahedral faces 

in a similar manner to the Pt-Cl unit* in [PtClMe,],; no 
Rh-Rh bonding is involved. The Rh-C1 distances demon- 
strate the larger truns-influence of a-bonded carbon to that 
of a co-ordinated C=C bond;4 the latter bond is lengthened 
as usual. Other C-C bond lengths are typical of a saturated 
system. No explanation of the temperature dependence of 
the 19F n.m.r. spectrum is apparent from the crystal struc- 
ture. Possibly a slight inequivalence of the two CF, groups 
is removed by partial dissociation of the tetramer in 
solution at  room temperature. 

The readiness with which co-ordinated norbornadiene 
undergoes homo-Diels-Alder addition may be compared 
with the more extreme reaction conditions necessary in the 
absence of a metal.* Some nickel complexes have been 
shown to catalyse the addition of acetylenes to norborna- 
dienes and similar adducts to (I) or (11) may be involved. 
Preliminary studies with [RhCl(cyclo-octa-1,5-diene)], sug- 
gest that an analogous adduct to (11) is formed. 

We thank the S.R.C. for financial support and Johnson 
Matthey & Co. Ltd. for a loan of rhodium. 

(Received, 6th March 1972; Corn. 368.) 

D. 34. Barlex, J. A. Evans, R. D. W. Kemmitt, and D. R. Russell, Chem. Comm., 1971, 331. 
C .  G. Krespan, B. C. McKusick, and T. L. Cairns, J .  Amer. C h m .  Soc., 1961, 83, 3428. 
R. E. Rundle and J. H. Sturdivant, J .  Amer. Chem. Soc., 1961, 83, 3428. 
W. A. Whitla, H. M. Powell, and L. M. Venanzi, Chem. Comm., 1966, 310; A. Bright, J. F. Malone, J. K. Nicholson, J. Powell, 

G. N. Schrauzer and P. Glockner, Chem. Ber., 1964, 97, 2461. 
and B. L. Shaw, ibid., 1971, 712. 




