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In a previous communication’ we reported that @BM)Rh(G&)1 and 

(A=4Rh(C,IJ4)? react with allene to form derivatives of rhoclium(III) in which an allene 
tetmmer is bonded to a rhodium atom by two or-allylic groups. WC have now isolated, from 
the reaction between (Aca~)Rh(Gzb)~ and allene at -78”, a new rhodium@I) compound 

in which the 3.4dimethylenerhodacyclopentane moiety, I, is present: 

Rh 

This compound is a precursor of the his-r-allylic complex already described’, since it gives 
the latter on further reaction with allene. 

When (Acac)Rh(&&h is added to liquid allene at -78O. a fast reaction takes 
place with formation, within a few minutes, of a m.icrocrystaUne yellow precipitate, II, of 
stoichiometry (Acac)Rh(C3&)3 (yield 85%)). In the solid state II is very unstable and 

decomposes violently, at temperatures above O”, giving metallic rhodium and unidentified 
tarry compounds. The IR spectrum of II (nujol mull, -203 reveals that the acetylacetonate 
group is bonded to rhodium by the two oxygen atoms [v(CM) 1585 cm-’ ; u(Ce) 

1515 cm-‘]. Moreover the presence of two bands at 1670 and 860 cm-’ indicates2* 
that at least one of the three allene molecules is coordinated to rhodium by one of its 
double bonds. 

On treating II with pyridine, a very stable yellow-green compound of formula 

(Acac)Rh(C&h(C, I& Nh, Ill., (jield 84%) is formed with evolution of allene. II and III 

%BM - 1,34iphenyl-l,Spropanedionato; Aeac = acetyketonato. 
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react with bromine in carbon tetrachloride to give inorganic compounds and tetibromo- 
methylethylene in a high yield Assuming that no coupling occurs during the reaction, this 
suggests5 that complexes II and III contain an allene dimer with the following skeletal 
S&llCtUlZ. 

C\ A 
AC-y *_ C C 

This is confirmed by X-ray examina tion of single crystals of III, whose structure has been 
determined 

ThemaincrystaldataofIII(racemicform)are:a=13.17,b=9.11,c=9.18A, 

o!107.9°,P81.10,y93.10,D, 1.4g~cn?),D, 1.41g~~u-~,Z=2,F(000)=452, 
space group Pi, Me& radiation A 0.7107 A. Diffracted intensities were measured with a 
Philips PW 1100 single-crystal diffractometer. The sticture was elucidated by the heavy 
atom method and rei%ed by the least squares method using, at present, isotropic thermal 
parameters. The actual disagreement factor is 0.068. 

The resulting molecular structure is shown in Fig 1. The allene dimer C6He has 
the structure: -CH2--fi$-CHs -, IV, and is bonded by two u bonds to the 

c CHz 
rhodium atom as a chelate zigand The compound is best described as a de oct&e&d 

complex of Rhm . The group IV exerts a considerable rmtzs influence: the Rh-0 and F&-N 
bonds tMhF to Rh-C bonds are both longer than the corresponding cis ones by 0.14 JL 

When a solution of II in n-pentsne is kept at room temperature for 120 h, a rnicro- 
crystalline orange-red product of stoichiometry (Acac)Rh(C:c, Ha)2 , V, precipitates in low 
yield The low solubility of V, which is probably polymeric, did not permit the elucidation 
of its structure by solution methods. 

On treating V with PPhs a compound, whose elemental analysis and osmometic 
molecular wei&t are in accord with the formula (Acach Rhs (CsI&)2 (PPhs)2, VI, is 

obtained in rather low yield. The molecular sticture of VI was determined by the single 
crystal X-ray diffraction method. The main crystal data are: a = 17.88, b = 15.01, c = 
10.31&& 100.1”,p91.4°, y 108.3QJm 1.3 g’cm-s.D, 1.29gTIIl-s,Z=2,F(000)= 
1032, space group Pi, Md& radiation X 0.7 107 A. 

Diffracted intensity measurements and crystal structure analysis were carried out 

as for ID. The actual disagreement factor is 0.066. 
The resulting molecular structure is shown in Fig I_ VI also contains the allene 

dimer IV. This is bonded by two u bonds to a rhodium atom, and is coordinated to a 
second rhodium atom by the two conjugated methylene double bonds. Compounds VI am 
be regarded as a two-cenire coordination compound of Rh* and Rh’. The molecule 
exhibits C’ symmetry, the mirror plane containing the two rhodium atoms and the two 
phosphorus atoms. The coordination around I&1 is best described as a tetragonal pyramid 

with Rh’ hybridized dsp3. The geome&y is very similar to that observed6 in the complex 

RhC& H& , the geomeay of the cis diene group also being similar. 
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Fig 1. Projection of the molecules of complex IU (left) and VI (righo. In complex VI. the Rh”‘-C, 
and Rh” -C, diFtancu are 296 A 

The coordination around Rhm is octahedral. The Acac group bonded to Rh’ via 
the two oxygen atoms is also bonded to RhW via the central carbon atom, the Rhm 
distance being 2.42 11 This can be interpreted as an interaction of Rhm with the electron 
pair on the central carbon atom of the Acac group, similar to that observed in other 

Bdiketonato derivatives of transition metals’ BE _ 
Finally it should be noted that complexes containing the stnmtural arrangement I 

have been postulated9 ml’ as intermediate species in some catalytic reactions of allene with 
transition metal compounds but have not previously been isolated_ The tiding that allene 
can enter into an “oxidative coupling” reaction illustrates the analogy between allenes and 

alkynes” , conjugated dienes12 =13, and olefir# as regards the primary step of some 
reactions of these compounds with transition metals. 

ACXNOWLEDGEMENT 

This work was supported by the “Consiglio Nazionale delle Ricerche”. 

REFERENCES 

1 G. Pantini, P. RacaneUi, A. Immih and L. Poni. L Orgatwmeral. Chzm., 33 (1971) Cl?. 

2 J.A Osbom, them Commun.. (1968) 1231. 
3 S. Otsuka, k Nakamura and K Tani, J. OrgnnometaL Gem.. 14 (1968) P30. 

4 G. Nagendrappa, G.C Joshi and D. Devaprabhakara. J OrgunomeroL Gem., 27 (197 1) 421. 
5 k Nakamrua, Bull Chem Sot Japan, 39 (1966) 543. 
6 L Porri, k Lionetti, G. Auegra and A. Immirzi, C%on Commun., (1965) 336. 
7 W-H. Watson, Jr. and C & fnorg. C71em.. 5 (1966) 1074. 
8 D. Gibson, Coordin C%zm Revs, 4 (1969) 225. 
9 RJ. De Pasqusk. J. Ogwnomeral. them.. 32 (1971) 381. 

IO D-R Coulson, Amer. C%em Sot Boston Meeting, April 9-14.1972, Peptints, p.Bl35. 
11 P.M. RGtlis, 5th Intern Conjl Organometnl C71em. Moscow 16-22 August. 1971, Plenary and 

Section Lectures, p. 427. 



_y& j _. .. ._. --I ,, : 
P-Y t&@&lICA~ON : 

_.:- _-. 
-_ 

12‘ P.W. Joi& i -natchalk ant$G. Wllh,Angnv. 0nem htaMr Edit., 10 (1971) 329. ’ 
13 ~~'@@bb~ Py Heimhnch, HJ_ Hay, H. salbe& W. Mess ad G. WUke; Amer. chpn Sot Barton 

-%xrin& Apd9-14,1972, Reprints, p BaO. 
14. AR Fiax~, P.K Bird, SA Beman, J-R Shaplcy; R Whiter and L/L Chbom. II -Ame_ C&L ihc.. 

95 (1973) 597. 


