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Summary

The complexes [Rh(7*-C;H;R)(7°-CsR'5)L1"BF,;” (R = 1-Me, R’ = H, Me;
R = 2-Me, R’ = H) (L = CsH N, Ph,P, Ph;As) have been prepared from Rh(n3-
C;H,R )}(n®-CsR'5)Cl and AgBF; in acetone, followed by reaction with the
stoicheiometric quantity of L. The 'H and '*C NMR spectra of the salts are
reported and discussed.

Introduction

7°-Allyl-n®-cyclopentadienylchlororhodium complexes RhCl(n*-C;HaR)(n*-
CsR'5) (1) (R’ = H or Me) were first prepared several years ago and are well
characterised [1—3). The related salts [Rh(n*-C;H,R)(1°-CsR's)L]* X~ how-
ever, have been mentioned only cursorily in the literature. Powell and Shaw
[1] obtained allylcyclopentadienylpyridinerhodium tetraphenylborate by addi-
tion of NaBPh, to a solution of (I) (R = R’ = H) and pyridine in aqueous
methanol. Hart-Davis and Graham [4] found that the ionic complexes {Rh(n*-
C3H;)(°-CsH;5)PPh;]* X~ are formed in 2—5% yield as by-products in the reac-
tions of Rh(1°-CsHs)(CO)PPh; with allyl halides. In a reference to unpublished
work these authors state that the complexes may be better prepared by treating
Rh(C,H,;)}(CsH;)PPh; with allyl halides. Some analogous cobalt complexes have
been reported {5,61.

Results and discussion

When complexes of type I are treated with alkali metal or silver salts MX in
methanol, the chlorine atom is readily exchanged for other groups X (e.g. X =
Br, I, NO;) [7]. We have found that I reacts with silver tetrafluoroborate in
acetone to give silver chloride and an orange solution, which probably contains
the acetone complex [Rh(73-C;H;R)(7°CsR’5)L]1"BF 4 (L = (CH;),CO). Tetra-
fluoroborate salts (II—X) can be isolated in 70—75% yield by addition of this
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solution to a solution of the appropriate ligand L (L = pyridine, Ph;P, Ph;As),
concentration, and precipitation with diethyl ether. The salts are yellow crystal-
line materials, soluble in polar organic solvents, and stable to air and moisture.
The conductivities of their solutions in methanol are consistent with their for-
mulation as 1 : 1 electrolytes [8] (Table 1).

The '"H NMR spectra of the ionic complexes 1I—X are summarised in Table 2.
The spectra are consistent with the proposed structures. The equivalence of H'
and H? in the spectra of the 2-methylallyl complexes (VIII, IX and X) indicates
that the allyl group is bonded symmetrically to the metal. Other authors have
observed small (ca. 0.9 Hz) couplings from '°*Rh to the protons of the cyclo-
pentadienyl group in similar complexes [1,9]. We did not observe these cou-
plings, although the cyclopentadieny! resonances are somewhat broadened. The
shifts of the protons of the allyl groups are virtually identical in analogous
Ph;P and Ph;As complexes, whereas when pyridine is the ligand, all the allyl
resonances are shifted to low field.

The '*C NMR spectra (broad band proton decoupled) are quoted in Table 3.
Conversion of the neutral chlorocomplexes Ia—Ic into the cationic species II—X
has little effect on the chemical shifts of the allyl or cyclopentadienyl carbon
atoms. Previous work has indicated that the '’C chemical shifts of organic ligands
coordinated to transition elements is rather insensitive to the formal charge on
the complex [10,11]. The shifts observed in the spectra of our compounds fall
in the region typical for 7*-allyl complexes, with the resonance from the central
carbon atom C, lying to low field of those from C, and C; [12—15].

For each set of compounds the resonances for all three allylic carbon atoms
in the pyridine complexes II, V and VIII lie to low field of those in the corre-

(continued on p. 419)

TABLE 1
ANALYTICAL DATA FOR THE RHODIUM COMPLEXES [Rh(CsR5}(C3H3R)LY'BF 4~

Complex . No. M.p. Found (caled.) (%) AS

co)

C H

{Rh(1-methylallyl)(CsMes)}CsHsN)1*BF g 41 152—4 49.64 - 5.86 97

dec. {49.70) (5.93)
{Rh(1-methylallyl)(C5Mes)(PPh3) )" BF 3~ 1311 146—8 59.63 6.02

dec. (59.84) 5.81)
{Rh(1-methylallyl)(CsMeg){AsPh3)I*"BF 3~ v 160—2 5598 5.54 90

dec. (56.01) (5.43)
{Rh(1-methylallyI(CsHs)CsHsN)I*BF 3™ v 146—6 43.47 4.30

dec. (43.23) (4.40)
[Rh(I-methylally])(CsHs)}(PPh3)]*"BF4~ Vi 140—2 58.12 4.71

dec. (56.68) (4.76)
[Rh(1-methylally])(CsH5)AsPh3) I*BF 3~ v 168—70 52.10 4.40

dec. (52.63) (4.42)
[Rh(2-methylallyI}(CsHsMCsHsN)P'BF g~ vl 148—50 43.17 4.48 99

dec. (43.23) (4.40) .
{Rh(2-methylalivl)}(CsHs)(PPh3)*BF 3~ X 152—4 = 54.33 4.70 90

. . . :  dec. (56.68) “4.76) -

[Rh(z-meLhylallyl)(Csﬂs)(AsPh3)]’BF4‘ ’ X 150-—-2 52.32 4.19 . 91

“dec. . (52.63) . (4.42)

@ Equivalent conductivity (obm") in methanol at 26°C (1073 & complex). Calc. for KClat 10-3 M. 97
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sponding triphenylphosphine and triphenylarsine compounds. Substitution of
CsH; by CsMes in 1-methylallyl complexes leads to downfield shifts of C- and
C,, but upfield shifts of C, and the methyl group.

103Rh—!3C couplings were observed in all the spectra (Table 3). The '>Rh—CRs
coupling constants are in the range 4—6 Hz, as observed by Lewis and coworkers
for compound XI [16]. The coupling constants between '*Rh and the carbon
atoms of the n*-allyl group are 9—12 Hz to C, and C; and 4—6 Hz to C,. These
values are close to those found in the spectrum of compound XI, where the
couplings are 9 and 10 Hz respectively to the two outer, and 7 Hz to the
central carbon atom of the n*-allyl group [16]. These couplings are similar to
those observed in the spectra of 1,5-CODRK(C;sH;) and (C.H;),Rh(CsHj) viz.
14 and 10 Hz respectively to the metal-bonded carbon atoms of the olefinic
ligands {17].

~—~Rh(CgHg)
Rh(CH, )
(X1)

The resonances of the pyridine ligand are assigned following Bancroft et al.
[18] and of the Ph;P and Ph;As ligands after Gansow and Kimura [19]. .

The undecoupled spectrum of compound VII was also run to obtain values
for the '3C—'H coupling constants. These are shown below. They are typical of
n3-allyl and n®-cyclopentadienyl complexes [12].

126 Hz. H 181 Hz
CHy la
l 161 Hz H
1s6Hz C—H

H—c (——rn"™" H

—H
C AsPh,

H
156 Hz

Experimental section

All reactions were carried out in an atmosphere of dry oxygen-free nitrogen.
The chlorocomplexes Ia, Ib and Ic were prepared by literature methods {1—3].

General method for preparation of the salts II—-X .

: Silver tetrafluoroborate (1 mmol) was added to a solution of the chloro
complex (1 mmol) in acetone (20 cm?) with stirring. After 10 min the precipitat-
ed silver chloride was filtered off and a solution of the ligand (1 mmol) in acetone
(10 cm?) added to the filtrate. After 30 min stirring the solution was concentrat-

ed by evaporation under reduced pressure and the complex precipitated by
- addition of. diethyl ether (ca. 50 cm?). The samples were recrystallised by dissolv-
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ing in acetone, filtering if necessary and precipitating with diethyl ether. Yields
were of the order of 70—75%. )

'H NMR spectra were measured in CD,Cl, solution at 100 MHz on a Varian
HA 100 spectrometer. '3C NMR spectra were obtained at P.C.M.U., Harwell.
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