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Summary 

The fluoroolefin complexes Rh(dpm)(C,H,)(CF,=CFX), (dpm = dipivaloyl- 
methanato, X = F, CF3, Cl or Br) have been prepared. ‘I’riphenyl-phosphine, 
-arsine and -stibine displace ethylene from these complexes to give complexes of 
the type Rh(dpm)(CF?=CFX)( L). 19J? NMR studies zre consistent vvith a structure 
in which the substituent X is in an outside position with respect to the ethylene 
or ligand L. 

Lntroduction 

A number of donor tigands L have been shown to displace ethylene from 
the complex, Rh(acac)(C2H4)(C2F4), (acac = CH3COCHCOCH3) to give complexes 
of stoichiometry Rh(acac)(C,F4)L2, (L = PPh3, PBu,, MeTSO, C,H,N; L2 = 
Me2NCH2CH2NTkYe2 and Ph2PCH2CH2PPh2) [ 11. We now find that although ethylene 
issimilarly displaced from the dipivaloyimethanato complexes Rh(dpm)(C,H,)- 
(fluoroolefin), (dpm = MeJCOCHCOCMe,; fluoroolefin = CF2=CF2, CF2=CFCF3, 
CF?=CFCl or CF2=CFBr) by triphenyl-phosphine, -a.rsine or -stibine, only com- 
plexes of stoichiometry Rh(dpm)( fluoroolefin)( L), (L = PPh?, AsPh3 or SbPh3) 
are formed. 

Herein the preparation and lQF NMR spectra of these complexes is now 
described. The reactions of some of these complexes with electrophilic acetylenes 
have been reported [Z]. 

Results and discussion 

Treatment of Rh(dpm)(C1H4)2 with tetrafluoroethylene in diethyl ether 
as solvent at room temperature gives a high yield of Rh(dpm)(C,H4)(C,F,) in a 
similar manner to that reported for the analogous acetylacetonato compound [ 11. 
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TABLE 1 

“F NhIR CHEMICAL SHfFTS @DrnP FOR THE COMPLEXES Rh(dpm)(L)(CF?=CFX) 

Compound 

Rh(dpm)(CZ~~)(CFZ=CF;?) 34 8 

Uh(d~,m,(PPh,,(CF,=CF=)b 11.0 49.8 

Rh(dPm)(.~ShB)(CF*=CF~)b 37.0 51 0 
Rh(dpm)(SbPh3)(CF2=CF2)5 27.5 51.2 

Rh(dpm)(C2~4)(CF2=CFCF3) 36.2 23.0 113.2 2.98 

Rh(dpm)(PPb3)(CF?=CFCF3) 32.2 18.5 113.3 1.79 

Rb(dpm)(AsPh#CF~=CFCF3) 33.6 13.9 107.2 2.24 

Rh(dpm)(SbPb3)(CF2=CFCF3) 34.8 5.08 95.5 2.36 

Rh(dpm)(C?H4)(CFz=CFCI) 39.9 34.6 60.5 

Rh(dPm)(PPbJ)<CFI=CFCl) 37 7 28 12 44.1 

Rh(dpm)(.+.Pb3)(CF2=CFCl)b 39 4 23.4 39.4 

Rb(dpm)(SbPb3)(CF~=CFCI) 41.7 18.2 31.1 

Rh(dpm)(C2H4)(CF?=CFi3r) 37.8 33.2 61.2 

Rb(dpm)(PPb3)(CF~=CFBr) 39.9 26.7 35.0 

Rh(dpm)(AsPb.l)(CF?=CFBr)b 36.-l 21.8 36.1 

Rh(dpm)(SbPb3)(CF2=CFBr) 37.2 13.1 26.6 

c1 Measured tn CH?Cl? soluuon reltibe io mcecnal u,u.a-rt-ifluororol~ene. b These complexes all give seeood 

order spectra. 

The reactions of hexafluoropropene, chlorotrifiuoroethylene and bromotri- 
fluoroethylene with Rh(dpm)(C,&), similarly give the corresponding fluoro- 
oleful complexes as pale yellow crystalline materials which are very soluble in 
common organic solvents and are most easily purified by vacuum sublrmation. 
The reaction of ~pheny~phosph~ne w&h Rh(dpm)(C~~~)(C~~~~ in methanol 
solution at room temperature effects displacement of ethylene from the rhodium 
to produce the yellow crystalline complex Rh(dpm)(C,F,)(PPh,). Analogous 
products are formed with triphenylarsine and triphenylstibine. The complexes 
Rh(dpm)(~uoroo~e~~)( L), ffluoroolefin = CF2=CFCF3, CF?=CFCI, CF,=CFBr; 

TABLE 2 

19F NMR= COUPLING COXSTAWI’S (Hz) FOR COORDINATED AND FREE FLUOROOLEFINS 

Compound =‘(Fz~?) J(FI-F~) J(Ft-F$ J(Rh-F,) 

Rh(aprn)(CZ~)(CF~=cFcFg) 12.5 62.6 77.5 

Rh(dpm)(PPb3)(CF2=CFCF3) 64.9 94.6 

Rh(dpm)(AsPb3)(CF,=CFCF$ 25.6 59.9 89.8 

Rh(dpm)(SbPb3)(CFz=CFCF3) 30.6 61.2 92.7 

Rh(dpm)(C2Hs)(CFz=CFCI) 85 62.5 77.0 3.1 

Rh(dpm)(AsPh3)(CF2=CFCl) 17.1 59.9 87.5 4.0 

ah(dpm)(SbPh3)(CFz=CFCI) 22.0 63.7 85.9 2.5 

Rh<dpm)(C=&)(CF2=CFBr) 9.2 64.9 75.3 2.7 

Rb(dpm,(AsPb,)(CF,=CF~) 19.9 63.6 87.0 4.2 

CF~=CFCFJ~ R.!Ndpm)(SbPh3)(CF~=CFBr) 

24.0 64.2 89.7 3.1 

40.0 120.0 57.0 

CFz=CF& 57.0 124.0 75.0 

CFz=CF& 58.0 115.0 78.0 

a M-d Ln CH@Z roIution. ’ Rei. 12. ’ Ref. 11. 
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L = PPh3, AsPh3, SbPh3) may be similarly prepared. The formation of complexes 
of the type Rh(dpm)(CzF4)(PPhJ) shouid be contrasted with the reaction of the 
corresponding acetylacetonato comples Rh(acac)(C2H4)(C2F4), whic’n yields 
Gis-tertiary phosphine complexes Rh(acac)(C,F,)(PR,),, (R = Pb or Bu) [ 11. 
It WOUki appear that the presence of the bulky tertizuy butyl groups present in 

Rh(dpm)(C,F,)(PPh,) prevents the coordination of a second molecule of 
triphenylphosphine to the rhodium, since one of the triphenylphosphine Iigands 
present in the his-phosphine comp!ex would be cis to the P-ketoenolate system. 

The complexes Rh(dpm)(fluoroolefin)( L) presumably have analogous 
structures to that of Rh(acac)(C,H4)(C,F4) which has been the subject of a 
single crystal X-ray structure determination [ 31. The “F NMR spectra of the 
complexes (Tabies 1 and 2) indicate that the fluoroolefin ‘IS rigidly bound to 
the rhodium and that there is no rotation or oscillation of the fluoroolefin 
ligand. The compiexes can therefore exist in two forms, la and Ib, depending 
on whether the X substituent lies in an “inside” or “outside” position with 
respect to the ligand L. Further, since the carbon atom attached to the substii 
tuent X in the free fluoroolefin becomes asymmetric upon formation of the 
rhodium complexes there will be optical isomers of the two forms, Ia and lb. 

19F NMR studies on the complex Rh(n-C5H5)(C2H4)(CH2=CHF) [4] have 
shown that this complex also exists ;~1 two geometric forms depending on the 

J(Rh-Fz) J(Rh-Fg) JU’-Fi) J(P-Fz) J<P--F3) 4CI=3-F,) J(CFrFz) J~CFS-FB) 

12.8 7.1 97 

14.9 
1.4 14.3 8.6 14.1 
1.4 14.3 9.7 
8.6 8.6 

11.4 11.6 6.1 39.3 42.7 
11.3 10.0 
9.2 10.6 

11.2 11.4 5.7 35.7 44.2 
11.4 9.7 
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relative orientation of the fluorine atom to the CzH4 tigand. These can be 
distinguished by the relative magnittide of the rhodium-fluorine coupling 
constants which is larger for the “inside” fluorine [4]. The “F NMR spectrum 
of the complex Rh(dbm)(C?H,)(CF;=CFCI) exhibits three fluorine resonances. 
One of the fluorine resonances has a rhodium-fluorine coupling constant of 3.1 
Hz whilst the other two each have J(Rh-F) values of 8.6 Hz. On the basis of 
previous studies [4] the fluorine with the lower value of J(Rh-F) can therefore 
be placed in an “outside” position as shown in Ia. Similarly, the “F NMR spectr$ 
of the complexes Rh(dpm)(CF,=CF_X)( L) may also be interpreted in terms of 
structure Ia or its mirror image. It is apparent from these studies that the 
displacement of ethylene from Rh(dpm)(C,H,)2 by the fluoroolefins occurs by 
a mechanism which places the X substituent in an “outside” position. Further- 
more in the displacement of ethylene from Rh(dpm)(C,H,)(CF,=CFX) by tri- 
pheny!-phosphine, -arsine or -stihine there appears to be no change in the 
orientation of the fluoroolefin with respect to the incoming and outgoing 
ligands. if the alkene tigands in these complexes are assumed to occupy only 
one coordinating position, these substitution reactions may proceed via tri- 
gonad bipyramidal transition states in which the entering and leaving groups 
occupy similar positions, as has been proposed in amine substitution reactions 
of square planar platinum(II) complexes [5]. The complexes studied in our 
work do not exhibit optical activity. However, since there is no reason to 
assume preference for one optical isomer over that of the other, the isolation 
of the complexes as racemic miYtures is to be expected. The preference for the 
“outside” isomer may be a consequence of steric effects. 

While the “F NhfR spectra of the compleses Rh(dpm)(C,H,)(CF,=CFXj 
clearly indicate that the fluoroolefin is rigid on the NMR time scale the “F NhIR 
spectra of the tetraflu~roethylene compies, Rh(dpm)(C,H,)(C?F,) exhibits I 

only one fluorine resonance with rhodium coupling, which is temperature in- 
dependent from 25 to -90”. Ln the comples Rh(acac)(CzH,)(CzF,) the Cuorine 
atoms have also been observed to absorb in one region of the “F NMR spectrum. 
Whilst this result has been interpreted [ 6] in terms of rotation of the tetrafluoro- 
ethylene about the metai-tetrafluoroethylene band the observation that the 
!gF NMR spectra of Rh(dpm)(C,H,)(C2F4) does not change from 25 to -90” 
E more in agreement with a rigid structure. This comples is under further in- 
vestigation. The 19F NMR spectra of the tetrafluoroethylene complexes, 
Rh(dpm)(&F,)(L), (L = AsPh3 or SbPh3) are all complex and similar in appear- 
ance to Rh(r-CSHs)(CzHJ)(CzF4) which is of the Arl’BB’X type [7]. 

A comparison of the F-F coupling constants of free and coordinated 
fluoro-olefins shows a decrease in the size of the vicinal J( F,F,) and J( F, F3) 
coupling and a corresponding increase in the magnitude of the geminal coupling 
J(F,F.,) [7-111. These changes have been interpreted in terms of a change of 
hybridisation of the olefinic carbon atoms from sp’ to sp3 hybridisation. Similar 
trends are observed in the present rhodium(I) compleses although the changes 
are not as iarge as have previously been observed in formally zerovalent complexe:r 
involving the iron and nickel triads, in which presumably there would be more 
back-bonding. Replacement of ethylene by tiphenyl-phosphine, -arsine, or 
-stibine iigands in the compleses Rh(dpm)(L)(C,F,X) has little effect on the 
geminal coupling constant but significantly increases the vicinal coupling, 

J(FzFx)- 
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Experimental 

Analytical data, yields and melting points for all new complexes are given 
in Table 3. Proton NMR spectra (Table 4) were recorded at 60 MHz on a Varian 
Associates T60 spectrometer. IR spectra (Table 5) were recorded on a Perkin- 
Elmer model 225 spectrophotometer. Fluorine NMR spectra were recorded at 
94.1 MHz on a JEOL JNM-PS-100 spectrometer. 

Rh(dpm)(C2He);z was prepared in diethyl ether solution by reaction of 
[RhCWGH )_I_ -1 , , with (CH3)&XOCHI_COC(CH3)3 in the presence of aqueous 
KOH 121. 

A solution of Rh(dpm)(C,H,)2 in diethyl ether was introduced into a Carius 
tube (150 ml). An excess of the appropriate fluoroolefin was condensed onto 
the solution at -196”, and the tube seated under vacuum. After shaking at room 
temperature for 30 min, the tube was opened and the solution evaporated to 
dryness under reduced pressure. Sub~at~on of the residue gave the appropriate 
fluoroolefin complex 8s pale yellow crystals. 

Preparation of the cortzplexes Rh(dpm)(L)(CF?=CFX) 
Triphenyl-phosphine, -amine or -stibine (ca. 1.0 mmol) was added to a 

solution of the appropriate fluoroolefin complex (1.0 mmoi) in methanol 
solution (10 ml). After vigorous stirring for 20 min, the precipitated comples 
was filtered off and recrystallised from CH~Cl~/meth~oI solution. 

TABLE 4 

‘H NMR” SPECTFLA FOR THE COMPLEXES Rh(dpm)(L)(CF?=CFX) 

COrnPk?X PhtX3YI 3CH 

(15H) (lH> 

t-butyl 

(SH) 

t-butyi Olefinic 

(SH) (4I-f) 

2.66m 
2.52m 
2.55m 

2.60m 
2.54m 
2.55m 

2.53m 
2.5lm 
2.54m 

2.44m 
2.68m 
2.85m 

4.17s 
?.34s 

4.20s 

4.57s 

4.10s 

4.28s 
4.17s 
4.12s 
4.17s 
3.89s 
4.25s 
4.18s 
4.38s 
4.26s 
4.45s 
4.40s 

8.88s 

8.84s 

8.885 

8.88s 

8.895 Ibr)= 

8.89s 
8.88s 
8.84s 
8.87s 
8.849 
8.84s 
8.88s 
8.87s 
8.84s 
8.85s 
8.85s 

8.909 
9.53s 

9.40s 

9.23s 

9.53s 
9.43s 
9.319 
8.91s 
9.50s 
9.40s 
9.38s 
8.92s 
9.50s 
9.46s 
9.28s 

5.88(br) 

5.69(br) 

4.82(br) 

5.95(br) 

a Mewed in CI&Cl3 solution at room temperature; chemical abUts (I) are relative to internal TMS. b Spec- 
tra obtained at 0 _ = Integrates ES 18H. 
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