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Summary 

Observations concerning the (C=C) isomerization of several vinylic Rhm 
complexes suggest an intramolecular pathway; isomerization occurs at a rate 
which is affected by the backbonding ability of the metal and the n-acidity of the 
vinylic @and in the complex. 

Transition metal hydrides in general react with non-terminal acetylenes to 
give (C=C) cis viny& metal complexes; however, the reaction of certain hydrides 
with some acetylenes has been noted to produce only (C=C) tram products [l-4]. 
A reasonable suggestion to account for the (C=C) Crans products observed involves 
(C=C) c&-M--H P-addition to coordinated acetylene followed by (C=C) isomeriza- 
tion. Accordingly, we prepared a series of (C=C) cis-vinylic rhodium(II1) com- 
plexes and found that several of them do isomerize to their (C=C) trans counter- 
parts. These compounds represent the first examples wherein isolable (C=C) cis- 
vinyiic complexes have been shown to be the precursors of (C=C) trans products. 

We noted [5] that rapid pyrolysis of crystalline ta-cis at 110” gave 98% cis 
organic product II. We now find that if Ia-cis is stirred in benzene at room tempera- 
ture for several (up to 24) hours and the Rhm material is isolated, dried and 
rapidly pyrolyzed, substantial amounts of tram compound HI are also formed. 
The ratio of II to III depends on the length of time that Ia was stirred in solution. 
Since Ia-cis gives cis organic product only, ‘this result implies that Ia-cis must 
isomerize slowly, in solution, to a (C=C) tmns vinylic species. The rate of this 
(C=C) isomerization is independent of the concentration of Rh* species and is 
also unaffected by added acid (dii. HCl), base (pyridine) or a free radical inhibitor 
(bydroquinone). These observations suggest that (C=C) isomerization is an intra- 
molecular process. 

(C=C) isomerixation apparently occurs via five coordinate intermediate IV 

*Author to whom correspondence should be addressed. 
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(reaction 1). Infrared analysis* shows that la is almost entirely converted to IVa 
on a time scale much shorter than that required for observation of (CCC) tram 
products from reductive elimination. Pyrolysis of freshly prepared isolable IVa-ck 

yields only the alkyl substituted olefin II**; that of IVa which has been stirred in 
solution for several hours gives a mixture of II and III. That the gross composi- 
tion of IVa does not change durin 

gm 
this time is evidenced by the superimposition 

of the IR spectra of aliquots of Rh materials obtained during the isomerization 
process. Similar observations were made in studies involving Ib and Ic. 
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The formation of (C=C) h-am product from various types of metal hydrides 
and electron-deficient acetylenes [e.g., HLr(CO)Lx and NCCSXN (L = PPhx) [2]; 
(7$-G I-I, )ZMOI& an d CFxCZ-CCFx] [3] indicates that the basic isomerization 
pathway does not dzend uniquely on a certain metal or vinylic substituent. We 
suggest that the Rh complexes discussed herein undergo ((343) isomerization 
by a dipolar mechanism, via V*** (reaction 2), similar to the one proposed [l] 
with regard to a Ru’ comples. The ease of (C=C) isomerization by this route 
would be a function of both the n-donor ability of the metal atom (in turn re- 
lated to the nature of the other ligands in the complex) and the r-acidity of the 
vinylic &and; indeed, we find that, for the series of complexes IVa-IVc, the rate 
of (C=C) isomerization (at room temperature) increases with increasing donor 

eBecause of the very low solubility of I and IV. it was impossible to obtain meaningful NMR data for 
them. For Ia-&. v(CO) 2023 an-‘. IVa-cu. u(CO) 1680 cm-‘. No v<C=C) was dixernible due to 
mterference from PPb, bands An analogous isomeruation to a five-coordinate acyl complex has 
been observed 161. 

l OReductive elimination must occur. therefore. from tbe sr-coordmate Rh”’ species I. Indeed. 
carbowlatioa of a solullon of la yuAdx the acetyl-substitited olefiu only. 

*aeThis dipohr species is iust the extreme representation for weakemng of the C-C n bond order in tbe 
vinylre substitueat bv meti to OZZAIGC kaud backbonding. This weakening should also be paraLleled 
in lowered v(CO) of cabonyl ligands ID these complexes. 

It has not been pouible to determine the rate cf KI=C) isomerization meaningfully as a hmc- 
tioo of solvent polarity. Complexes IVa-IVd are insoluble in alipbatic hydrocarbons and undergo 
rapid reductive elimination when dissolved in coordinating solven’s. 
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a-c: M = LZRh(COCH3) I : R = CO&H3 ; 
cl: L = (/J-xC~H,)~P , X = I-I ; 

b: L = (p-XC&q3P , x = I=; 

c: L = (p-XC6H413P , X = CCH3; 

d: MZ L,Rh(COCH,) i, t? = Cl=3 s L = PPhs ; 

e: M=Cp2MoH, R = CF, 

abiiity of the @XC6HJ )aP ligands (in reactions 1 and 2, X = F < H < OCHs)* 
Delocalization of electron density to the oxygen atom of the pester group in 
Va-Vc would enhance the n-acidity of this l&and relative to the non-conjugated 
vinytic ligands Vd or Ve)‘“. The greater n-donor ability of MoW in IVe com- 
pared with Rh & in IVa-IVd can be iuferred by comparison of v(C0) in analogous 
carbonyl complexes* * *. Thus, reaction of (n5 -CS HS )1 MoH2 with CFsCSCF, 
ultimately yields (C=C) tram material below room temperature l3’), but IVd 
undergoes no detectable (C=C) isomerization fi below the iemperature (120”) at 
which it reductively eliminates cis-l,l,1,4,4,4-hesafIuoro-Zmethyl-2-butene [S]. 
Consideration of these trends should prove to be of use in predicting the occur- 
rence of (C=C) bans vinylic complexes as products in new reqztions involving 
a-acidic acetylenes and transition metal hydrides with strong backbonding ability. 
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*‘his was determined by measuring imt1a.l rates of appeamnce lot III produced by pyrolyns of RbtU 
containing materti RelaLive rates for (C=C) isomeruaton, wbete. for 1. X = F. H. OCHS ate 
0.51/1.00/1.30 and paraiM u(tY.0) for lb. Ia and Ic (2050. 2023 and 2020 cm”. respectively). These 
relative rates ate comparable to those observed for oridatlve sdbclon to Rhx complexes ca~,~ 
these bgands 161. 

**Enixtncemet~t of n-acidity by coruugation can also be enwooed where R = CN. a substitueat wtuch 
leads to (C==C) tmru product (21. 

‘*‘One such comparison involves [<rlSG,Hs)2MoH(CO)3+PF~- ~vKZ0~ 2030 cm-l) I73 and 
[t,Rh(CO)(CHJ)C13+~C~- (uK0) 2225 cm-’ 3. 

*it is interesting to no& fiat insertion of RCSR lnlo a PC1s-CH, bond produces tmns-vinytic 
product when R= COICB, but cis product when R= CF, I93 - Mechanistic considerations UY t&is 
work may indeed parallel those desenbed hetem. 
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