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Summary 

Rh(n-C,H,)(PF,), (I), reacts unth tnfluoroacetx acid to form propene and 
[Rh(CF,COO)(PF,)z], (II) I reacts wth t-butyl bromide to gwe [ RhBr(PF3)z]2 
and a mature of propene and 2-methyl 1-propene and with n propyl bromide 
to g-we propene and [RhBr(PF,)2], Rh(n-C3Hs)(PPh3)z (III), and t-butyl bro- 
mlde yield propene and 2 methyl-l propene In these reactions a mechanism 
InvolwngP-hydrogen abstraction and hydrogen mlg-ratlon via the metal to car- 
bon IS proposed When 111 reacts wth Me3SnCl the Me,Sn-morety rmgrates mtact 
to the x-ally1 group I reacts W&I acetyl chlonde to g-we propene, [ RhCl(PFs)2]z and 
the carbonyl rhodium complex Rh2CIz(PF3)3(CO) II does not apparently under 
go phosphlne llgand exchange unlthe the analogous halogen0 bndged dlmers 

introduction 

We have recently dlscussed the factors affecting olefin formahon m reac- 
bans of hydrogen hdldes wth vanous x-allyl~c complexes of cobalt(I) and 
rhtium(I) t WI, e g , 

(L = PFJ) 
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In one case an mtermedlate T allyl~c rhodlum( III) hydnde [ formed by an 
mihal ovldahve addition of the HCI to the rhodium(1) complex] was character 
used at 10-v temperature by luhlR spectroscopy [l] 

We have now extended this work to the study of reachons of some 7~ allyI- 
rho&urn(l) complexes tilth tnfluoroacetlc acid and some alkyl , acyl and tn 
methyl-tm hahdes 

Results and dscusslon 

Rh(x CSH,)(PF3), (I) readily reacts with tnfluoroacehc acid at 60 “C pto- 
ducmg propene, tnfluorophosphme and the new dlmenc complex, dl p-( tn- 
fluoroacetato)tetrab~s(tnfluorophosph~ne)d~rhodlum, [ Rh(CF,COO)(PF,)7]2 
(II) This magenta crystallIne sublunnble complex was also made from the 
chloro-dlmer [RhCl(PF,)2]2 [3,4], by treatment \~th salver tnfluotoacetate 

CF. 

I reacts ~th t-butyl bromide at room temperature to gve 
[ RhBt(PF,)2]z, tnfluorophosphlne and roughly equlmolar amounts of propene 
and 2 methyl I-propene As the reactlon proceeds (CH,),CHBr E formed by 
addltlon of HBr to oropene 4 slmkr mixture of propene and 2 methyl 1 
propene 1s also obtruned when Rh(n C,H,)(PPh,), (III), and t-butyl bromide 
are heated at 110 “C Although I does not react bvvlth n propyl bromide at room 
temperature, the reaction at 120 “C gives propene as the only olefinlc product, 
together with [ RhBt(PFJ)z)2 and free PF3 

In the above reactions the first step probably mvolves an oxldatlve addl- 
bon reaction analogous to that suggested previously for the hydrogen halide 
teactlons to eve an alkyl i;-allylhalogenorhodlum(Il1) mtermehate (A) whuzh 
then could undergoj3-hydrogen elunmatlon to form B and an olefin Subsequent 
proton mlgratlon from the metal atom of the n-allylhydndorhodlum complex 
(B) to the coordinated z-rulyl~c group would then lead to the fortnatlon of the 
second olefin molecule These steps are summans& In Scheme 1 for the reac- 
bon of 1 with t BuBr 

I also reacts with acetyl chlonde to @ve propene and a ml?\ture of [ RhCI 
(PF,),], and [ Rh2ClI(PF~)~(CO)] [3) Acyl halldes are hnown to add oxldatlvely 
to ds transition metal compleves and the products are suscephble to decarbonyl- 
atlon [ 51, [e g , IrCI(PPhl), has been shown to react with acyl chlorides to eve 
products conmnmg alkyl and carbon monoklde hgands] [6] It would appear 
that the observahon of propene m the reachon of I with CH,COCl might possl- 
bly anse by hydrogen mlgratlon from some intermedIate methyl-rhodium spe- 
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cles formed from the mtermedlate acylrhodmm complex Ellmmatlon of cr-hy- 
drogen IS not as yet a well established process In transltlon metal-alhyl systems, 
but recently Green et al [7] have presented evidence for the reversible LY elunl- 
nation of hydrogen from a tungsten-methyl compound So far we have not 
been able to Identify the other hydrocarbon products resulting from the POSSI 
ble Q ellmlnahon process and further studies are In progress 

It IC interesting to note in connectIon wvlth these results that the thermal 
decomposition of the methyl iodide adduct of an alkenylrhodlum(1) complex 
has been reported to lead to a specific methyl group mlgratlon from the metal 
to the organic moiety affording an lsomenc mLxture of oleflns [S[ 

Complek III only reacts slowly with i’vIe,SnCI, but In th!s case the trunethyl 
stannyl group mqrates mtact from the metal to the alkyl group, the presenee 
of the tin atom as expected suppressmg o-h5 drogen elunmatlon 

Rh(n C,H,)(PPh,)- + Me,SnCI --L 4 [RhCI(PPh,)2], t Me,SnC,H, 

Interesbngly Abel et al [9] have used the reverse of the above type of re 
actIon to synrhesfie R allyldwxrbon~lrhodlum(I) complexes from tnmethyl 
allyltm and [ RhCI(CO)2]2 

Fmally we note an mterestmg difference m the mtermolecular tnfluoro- 
phosphlne llgand exchange behawour for both the acetate-bndged dlmers 
[ Rh( RCOO)(PF3)2]2 (Li) (R = CH3, CFs)*, compared to that previously re 

l The acetalo-compler ws made from [ RhCl(PF3)2] 2 and sher acelate (see ErpenmenW) 
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Reactron between Rh(r-C,H, )(PF,), (I) and trlfluoroacetlc actd 
A mature of Rh(5r-C,H,)(PF,), (0 38-l g, 0 941 mmol) and tnfluoroacehc 

acld(0 108 g,O 938 mmol)m hexane(4 ml) was heated m vncuo at60 “C for 
2 h Fractionation of the volatde products In the vacuum line afforded PF, and 
propene The dark red solid residue was extracted under dlnltrogen with n-pen- 
tane (4 X 10 ml) and after cancentrntlon cooilng the solution to -78 “C gave 
magenta crystals of dl I_’ (mEluoroacetato)tetrakls(tnfluorophosphme)dlrhodl 
um( I), [ Rh(CF&OO)( PF,): ]:, (0 180 g, 0 228 mmol, 4Q%) which was Idenhcai 
to a sample made from [ RhCI( PF,)?] - \\ith sllber tnfluoroncetate (see below) 

A large excess of silver acetate was added to a solution of [ RhCI( PF,)?]: 
(0 110 g. 0 175 mmol) In ether (5 ml) under nitrogen gas and the mL\rture stir 
red at room temperature for 1 h After removal of the ether under reduced 
pressure sublimation of the brown solid residue In vacua at 80 “C gave red- 
brown cost& of [Rh(CH,COOl(PF,) I2 (0 098 g, 0 115 mmol) 52 976, m p 
126 128 “C (Found C, 7 1, H, 0 9. F, 33 5, P, 1s 1 CzHJF,O.PzRh calcd C, 
7 11, H, 0 89, F, 33 73, P, 18 33% ) Inh-ared spectrum 2950(sh), 2920rr, 285oVw, 
17lOw. 1550s. 1125m, 1351m, 1050~ 1030~. 948s. 925(sh), 915s. 910(sh). 
890(sh). 875vs, 67&v, 555% 545% 530s cm-’ (hexachlorobutadlene and NUJO~ 
mulls and pentane solution) The maSs spectrum showed peaLs assignable to 
both the parent dlmenc Ion Rh.(CH,COO).(PF,), and to the ions Rh (CH-COO) 
(PF,),’ (r = 0, 1, 2, 3) Indlcatrng a stepwlse loss of tnfluorophosphlne 

Preparation of dr p (tr~fluoroacetato)tetrahrs(tnfluorophosph~ne)d~rhodru,n(l) 
In a similar way to the above a large excess of sdver tnfluoroacetate react- 

ed wth [ RhCI(PFJ)2]Z (0 100 g, 0 159 mmol) In ether to gwe alter subllmztlon 
magenta crystals of [ Rh(CF,COO)(PFJ)z]V (0 097 g, 0 123 mmol), 77 4%, m p 
123 125 “C (Found C, 6 2, H, 0 0, F, -13 3, P, 16 0 CzFuO,P?Rh calcd C, 
6 09, H, 0 00, F, J3 11, P, 15 72% ) infrared spectrum 167Os, 164Os, 1200s. 
1175(sh), 1135s, 9-10s. 920(sh), 912vs, 905(sh), S7Ovs. 803w, 730m, 720m, 
555m, 548s, 530(sh), 522 cm-’ (Nu~ol mull) The parent ion for the drmer was 
observed in the mass spectrum 

Reaction between I and t butyl bromide 
A mL--.ture of complex I(0 075 g, 0 183 mmol) and t-butyl bromide (0 033 

g, 0 241 mmol) In CCI,F were sealed off In vacua and the reaction which was 
monltored by 19F and ‘H Z\rhlR spectroscopy was complete after 7 days The ‘H 
NMR spectrum showed resonances assignable to roughly equlmolar amounts of 
propene and 2-methyl-1-propene while the 19F NMR spectrum consisted of a 
wdely spaced sharp doublet (OF = 17 0 ppm, ‘J(PF) = 1367 Hz) charactenstlc 
of [ RhBr( PF,), ] 7 undergolng Intermolecular exchange wth tnfluorophosphme 

In a separate ekpenment a mature of I (0 150 g, 0 368 mmol) and an 
excess of t butyl bromide kept at room temperature for 13 days gave the vola 
tile, red-brown solId [RhBr(PF,)z]2 (0 090 g, 0 125 mmol), 68% m p 60 62 OC, 
whose mfrared spectrum was ldentlcal ~11th that previously reported [3] 



Reaction between I and n propyl bromrde 
Complex I(0 069 g, 0 169 mmol) and n propyl bromtde (0 018 g, 0 146 

mmol) were sealed wth CCI,F m vacua In an NhlR tube On heahng the mw- 
ture at 120 “C a slow reachon tool, place as evidenced by the appearance of 
propene (IdentGed by its ‘H KMR spectrum) and CRhBr(PF,)2]a (“F NhlR 
spectrum oF = 18 8 ppm. ‘J(PF) = 1357 Hz expected for the bromo-duner un 
dergomg intermolecular Ilgand exchange with PF,) 

Reactton between I and acetyl chlortde 
A mtxture of complex I(0 122 g, 0 399 mmol) and acetyl chlonde (care 

Holly fractionated to remove traces of HCI) (0 023 g, 0 293 mmol) m CCI,F was 
heated at 100 “C The reachon was complete after 25 h and the 19F N?lR spec- 
hum of the products conslstcd of a sharp doublet (QF = 19 3 ppm, ‘J(PF) = 
1347 Hz) The ‘H h3ilR spectrum showed resonances assignable to propene to 
gether wth a broad unassrgned resonance at 7 = 7 7 ppm Removal of the vola 
hles under reduced pressure gave a red cnstallme solid, m p 60 “C, whose mfra 
red spectrum showed bands at 206Os, 935(sh), 91S(sh). 902(sh), 870s. S30m 
cm-’ \\hlch are slmtlar to those reported for a mlvture of [RhCI(PF,):]- and 

Rh,W(CWPF,), 131 

Reactions of II with t-BuBr and hle,SnCi 
These reachons were cmed out on samples In sealed NUR tubes and the 

course of the reactlon monltored bs ‘H NblR spertroscopy 
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