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Summary

Halogens react with ruthenium acetylide complexes to give dark green
halovinylidene derivatives. In one case, bromination of the phenyl ring of
the parent phenylacetylide complex occurs, as shown by the X-ray structure
of [Ru{C=CBr(C¢H,;Br-4)} (PPh;), (n-CsHs)] [Br; ] - CHCl; . The Ru—C and
C=C distances are 1.85(1) and 1.31(2) A, respectively.

Both experimental [1] and theoretical studies [2] have shown that in
transition metal acetylide complexes, the 3-carbon is electron-rich, and behaves
as a nucleophile towards reagents such as H', Me' and Et” (as the trialkyl-
oxonium salts), alkyl halides [3], C,H," and arenediazonium salts [4]. The
resulting complexes contain vinylidene ligands, and there is considerable cur-
rent interest in the chemistry of these metallocumulene complexes [5].

We have found that this characteristic reactivity extends to the halogens
Cl,, Br, and I, . For example, excess liquid bromine reacted with
Ru(C,Ph)(PPh;),(n-CsH;) (1) in tetrahydrofuran solution to give an essen-
tially quantitative yield of a dark green crystalline complex 2. Its relative
insolubility, and salt-like nature, precluded full characterisation by conven-
tional spectroscopic methods; a single crystal X-ray study was therefore car-
ried out.

*For Part 3, see ref. 4.
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A suitable crystal was obtained from a chloroform,light petrolewm mix-
ture, and was mounted on an Enraf—Nonius CAD4 four-cirele diffractomeier.
equipped with a graphite monochromator. The lattice ;'m‘rmm’i@rs were deter-
mined and refined from 23 high-angle reflections by a TRE ol

Crystal data. C,oH4oBr,P.Ru »Br_@ SCHCH , MWL
space group P2, /o, a 19.380(7), & 11472044, ¢ 19, %M{ N 12,”;‘" 20347,
74987 A, D, (7= 4) 1. 74 g o™, FLO00Y 2660 electvons. A{Mo-K, 171
u(Mo-K 1y 4456 em™' . Cry 0,20 % I A3

A total of 6021 data i =.he:= range 1 33 <21
4391 were unique; the 24717 data with /> 2.50(0) were used in the sfy
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solution {G]. A combination of «imlm methods and Patterson maps re vealed
fhe Ru and Br atoms; all nther non-hydrogen atoms - foca
n subeequem difference maps {”af the final ¢
e Ru, Brand (1 atoms, and ‘a,hé: U of CHCL , were a
perature factors; all other atoms were ireated ]\()I]s)ph al
dienyl and phenyl rings were included as ngm groups (i
1.395 A , respe ctively} with all hydrogens in caloulated wwithz
1.0&} AL The C.H,, C.H: and C UH BV hydrogens hs
parameter. Final convergence at § = 0.0047, R, = {
the weightinh scheme w = 1 e 1F, 1+ 0.00
residual in the final difference map was 0.6 ¢
won,
The crystal sfructure determination revealed that the reaction product iz
the tribromide salt of a bromovinylideneruthenium catt A ;i';k)‘i of the
cation is given in Fig. 1, which alsc includes selected bond distances and
angles. [n addition, a {ifth bremine atom s substituted iv the para position
of the vinylidene phenyl group. The ruthenium stereochemistry is nearly
octahedral, with the PPh; ligands and a €. H. group completing the coordi-
nation. The Ru~—C bond 7.35{1} A ) indicates a considerable degree of back-
bonding from the metal 1o the a-carbon, while the O T 1312y A0
is rather shorter than those found in earlier examples of vinviidene complexes
{7} the Ru—C(1)-C{2) moiety is slightly hent {189 4(14) 1 The {-bromo-
rhenyl ring is twisted out of conjugation with the vinylidene group.
Br,  anion is linear {angle Br(3y—BRridBridi 173.2¢1;
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"Atomic coordinates for this work can be abtained from the Direcior of the Cambridge Crystalio-
graphic Data Centre, University Chemical Laborstorv, Lensfield Rouad, Cambridge CB2 LEW
(England)y. The full Hterature o 1o
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Fig. 1. PLUTO plot of cation in [Ru {C=CBr(06H4Br-4)}(PPh3),(n-C5H, JI[Br;1+CHCI, (2), showing
atom numbering system. Bond lengths: Ru—C(cp) (av.) 2.26, Ru—P(1) 2.366(5), Ru—P(2) 2.366(5),
Ru—C(1) 1.85(1), C(1)—C(2) 1.31(2), C(2)—Br(1) 1.98(2), C(2)—C(3) 1.49(2) A. Bond angles: P(1)—
Ru—P(2) 103.3(2), P(1)—Ru—C(1) 88.2(5), P(2)—Ru—C(1) 93.6(5), Ru—C(1)—/C(2) 169.4(14), C(1)—
C(2)—Br(1) 116.8(13), C(1)—C(2)—C(3) 126.8(15)".

There are two points of interest in this reaction. One is the remarkable
resistance of the Ru—C bond in the parent acetylide to cleavage by the
halogen, a reaction commonly found in alkylmetal chemistry [8]. The reac-
tion is consistent, however, with previous experience of the highly nucleo-
philic character of the g-carbon atom. Secondly, the facile bromination of the
phenyl ring is consistent with the highly electron-releasing substituent para
to the substitution position. Whether addition to the §-carbon or ring sub-
stitution occurs first has not been determined; even with a deficiency of
bromine, the characteristic dark green colour of 2 is observed.

Full details of the chemistry of this and related complexes obtained in sim-
ilar reactions with other halogens will be described elsewhere.
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