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Reaction of the metal carbonyl anion [PPN][Rh(CO),] with the cyclopropenyl cation [Cs!-
Bus][BF] affords {[Rh(?-C3'Bus)(CO)s] (5¢), completing the group 9 triad with the previously
prepared cobalt and iridium analogues 5a and 5b. The molecular structure of the iridium
complex [Ir(n%-C3'Bug)(CO)s] (5b) has been determined by a single crystal X-ray diffraction
study: CigHyOslr, monoclinic, P2;/m, a = 9.422(6) A, b = 14.267(8) A, c = 14.654(12) A, 8 =
91.80(6)°, V = 1968.8(24) A3, Z = 4. Carbonyl substitution of complexes 5 readily affords the
complexes [M(n%-C3'Bug)(CO);L] (10a, M = Co, L. = PMej; 10b, M = Rh, L. = PMeg; 10c-f, M
= Ir, L = PMes, PPh;, P(OMe);, CN*Bu). These monosubstituted complexes exhibit variable
temperature 'H NMR behavior with respect to cyclopropenyl rotation and the free energies of
activation (AG*) for Cj rotation about the metal-C; axis have been obtained. AG* increases
down the group in the order Co < Rh < Ir. Discussion of steric and electronic effects of ancillary
ligands on the relative magnitudes of AG* and a comparison of these variations with those
observed by others for [Fe(TMM)(CO).L] (TMM = pi-trimethylenemethane) complexes 11
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and 12 are presented.

Introduction

The dynamic behavior of transition metal-olefin com-
plexes! has been the subject of extensive investigation. A
large body of experimental data exists, that has been
supplemented by detailed theoretical studies, and the
factors responsible for the variations in the activation
parameters for propeller rotation of 52-olefins are now well
understood.2 The experimental database and theoretical
understanding of rotation barriers for other organic ligands
bound to transition metal centers is less comprehensive,
however.1¢

Cyclopropenyl is the simplest cyclic organic ligand
capable of metal ligation via all its ring carbon atoms, and
we have been interested in the synthesis, chemistry, and
dynamic behavior of n3-cyclopropenyl complexes for some
time. These compounds are valence isomeric relatives of
metallacyclobutadienes, which have been implicated
strongly in the mechanism of alkyne metathesis.®> The
sparse reports of their dynamic behavior with respect to
rotation about the metal-Cj3 axis fell into two categories,
involving either extremely fast (type 1) or extremely slow
(type 2) rotation on the NMR time scale. For example,
the complex 1 [a d2 W (IV) complex; treating cyclopropenyl
as a 4-electron monoanion, like allyl] contains a confor-
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mationally rigid, type 1 n3-C3'BusMe ligand at ambient
temperature,* but the d* Mo(II) complex 2 contains a
fluxional, type 2 3-C3Ph; ligand on the NMR time scale
at-80°C.6 While both compounds 1 and 2 containagroup
6 metal, they are so different in terms of oxidation state,
cyclopropenyl substituents, and ancillary ligands on the
metal that the cause of the dramatic difference in dynamic
behavior is not readily apparent. Preparation of the d4
Ru(IV) complexes 3 reduced the variables to two; 2 (type
1) and 3 (type 2) are isoelectronic and possess the same
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triphenylcyclopropenyl ligand, although the ancillary
ligands on the metal are different. Interestingly, these

(4) Churchill, M. R., Fettinger, J. C.; McCullough, L.; Pederson, S. F.;
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isoelectronic complexes display significantly different
barriers to rotation of the cyclopropenyl ligand, with a
maximum AG*(2) < 32 kJ mol-! and a minimum AG*(3)
> 62 kJ mol-1.¢ Since crystal structures of 2% and 36 show
that these complexes are virtually superimposable, a
rationale for the difference in AG* was sought on the basis
of the electronic structure of these complexes. A detailed
explanation was obtained through a theoretical analysis
conducted at the extended Hiickel molecular orbital
(EHMO) level on model complexes [RuCp(53-C3Hz)Brs)
(Cp = CsH;) and [MoCp(n3-C3H3)(CO)2].” More exper-
imental information on the factors affecting AG* was
obtained in a comparison of the #3-CsMe; complexes 4,
the first series of complexes to exhibit variable temperature
NMR behavior consistent with cyclopropenyl rotation.’
Here it was noted that AG* was virtually unaffected by
changing the cyclopentadienyl ligand from CsHs to Cs-
Me; and was also insensitive to changes in halogens from
CltoBrtol

To further the understanding of the factors influencing
the magnitudes of these rotational barriers in n3-cyclo-
propenyl complexes, we sought a series of complexes in
which the effects of changing one variable (metal or
ancillary ligand) at a time could be evaluated. This
presented a synthetic challenge, as some apparently
attractive methods to prepare n3-cyclopropenyl complexes
lead to complexes other than those desired. One logical
route might appear to be the reaction of metal carbonyl
anion with a cyclopropenyl cation. This strategy has been
applied to group 5,2 6,2 7,10 811 and 91! metal carbonyl
anions but often leads to products other than »3-cyclo-
propenyl compounds. Particularly common is formation
of n3-oxocyclobutenyl complexes, via CO insertion path-
ways which dominate the chemistry of cyclopropenyl
cations with most metal carbonyl anions.!}:12

There was evidence that this CO insertion pathway
could be suppressed by using the bulky Cs*Bu; cation as
areagent. For example, [Ni(#3-C3tBus)(CO)Br] has been
prepared from an oxidative addition reaction of nickel
carbonyl with [CstBus][BF,] in the presence of sodium
bromide.!* However, cyclopropenyl complexes are not the
inevitable result of such reactions. Addition of tri-tert-
butylcyclopropenyl tetrafluoroborate ([CstBug][BF4] to
[M(%5-CsH5)(CO)3]- anions (M = Mo, W) affords com-
plexes resulting from apparent electrophilic attack of the
cyclopropenyl cation on the cyclopentadienyl ligand, and
a similar reaction using [Fe(#5-CsHs)(CO)s]- affords an
oxocyclobutenyl complex.!* However, in contrast to
reactions of other cyclopropenyl cations with [Co(CO)4]-,
which invariably produce oxocyclobutenyl ligands,'? ad-
dition of [CstBus] [BF4] to [PPN][Co(CO)4] [PPN = bis-
(triphenylphosphiniminium)] affords both the »3-cyclo-
propenyl complex 5a and n3-oxocyclobutenyl complex 6,11
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and addition of [Cs'Bus][BF,] to [PPN][Fe(CO)3NO]
affords only the #3-cyclopropenyl complex 7.!! This latter
complex is isoelectronic with the hypothetical model
complex [Fe(n*-C3H3)(CO)3l-, for which the barrier to
cyclopropenyl rotation has been calculated by EHMO
methods to be 27.5 kJ mol-1.1%

We have described previously the synthesis of the
iridium analogue 5b via the reaction of [Ir(CO),}- with
[CstBugl™; in this case no oxocyclobutenyl complex was
formed.’® Photoelectron spectroscopy (PES) studies on
5a and 5b show that the cyclopropenyl ligand in these
complexes is best regarded as a cationic 2-electron donor
and a good w-acceptor, akin to NO*, and that these
compounds are best described as d1° complexes of the metal
in the -1 oxidation state.16

Here we report the synthesis of the rhodium relative of
these compounds, the molecular structure of the iridium
complex 5b, and ligand substitution reactions of the whole
triad to provide the first series of conformationally dynamic
cyclopropenyl complexes in which the metal and ancillary
ligands can be varied independently.

Results and Discussion

Thereaction of group 9 metal carbonyl anions [M(CO)]-
M = Co, Ir) with the tri-tert-butylcyclopropenyl cation
to prepare the cobalt and iridium complexes 5al! and 5b16
have been described previously. The rhodium analogue
5¢ was prepared in an analogous manner using the
[{Rh(CO)4]- anion. In contrast to the cobalt system, but
identical to the analogous iridium reaction, no oxocy-
clobutenyl ligand formation to give an analogue of 6 was
observed for the rhodium reaction. As expected, each of
the three compounds shows two characteristic v, bands
of intensity ratio 1:2, characteristic of a Cg, tricarbonyl-
metal complex, the expected single !H NMR resonance
for the tert-butyl groups, and four resonances in the 13C{1H}
NMR spectrum. 93Rh-13C spin—spin coupling of 68 Hz
to the carbonyl carbon and 6 Hz to the cyclopropenyl ring
carbon was observed. In contrast to the Co and Ir
complexes, which are white, air and thermally stable
crystalline solids, the Rh analogue 5b is a yellow, air and
heat sensitive solid, making it unsuitable for PES studies

(15) Albright, T. A.; Hofmann, P.; Hoffmann, R. J. Am. Chem. Soc.
1977, 99, 7546-7557.

(16) Lichtenberger, D. L.; Hoppe, M. L.; Subramanian, L.; Kober, E.
l\g.;zl-(l)tzxghes, R. P.; Hubbard, J. L.; Tucker, D. S. Organometallics 1993,
12, .
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Table I. Crystal and Refinement Data for [Ir(n3-C3'Bi|3)(CO)3] (5b)

(a) Crystal Parameters
v, A3

formula C13H2703II' f
fw 483.63 z
cryst syst monoclinic cryst dimens, mm
space group P2;/m cryst color
a, 9.422(6) D(calc), g cm™3
b A 14.267(8) #(Mo Ka), cm™!
¢, A 15.654(12) temp, K
B, deg 91.80(6) T(max)/T(min)
(b) Data Collection

diffractometer Nicolet R3 no. of reflns collcd
monochromator graphite no. of indpt rflns
radiation Mo Kea (A =0.71073 A) no. of indpt obsvd rflns F, = ne(F,) (n=15)
20 scan range, deg 4-52 std rflns
data collected (h,k,1) +12, +18, +19 var in stds

(c¢) Refinement
R(F), % 5.82 Alp), e A-3
R(wF), % 6.42 No/N,
A/o(max) 0.012 GOF

1968.8(24)
4

0.40 X 0.42 X 0.40
pale yellow

1.63

71.93

298

2.81

3922
3759
2451
3/197
<1

1.20
11.22
1.443

Figure 1. ORTEP representation of the molecular structure
of [Ir(n%-C3*Bug)(CO)s] (5b).

and précluding satisfactory microanalysis results. APMeg
derivative has been prepared (see below) which did give
good microanalysis data, and we are confident of the
formulation of this compound.

Theiridium complex 5b was subjected to a single-crystal
X-ray crystallographic analysis. The molecular structure
and atom numbering scheme are shown as an ORTEP
representation in Figure 1, crystal and refinement data
are provided in Table I, and fractional atomic coordinates
are given in Table II. The asymmetric unit contains two
chemically similar but crystallographically independent
half-molecules residing on crystallographic mirror planes.
Selected bond distances and angles for both molecules are
listed in Table III. Not unexpectedly, the structure reveals
a symmetrical n3-cyclopropenyl to iridium interaction
within experimental error, and the ring carbon atoms are
staggered relative to the carbonyl ligands, consistent with
the conformation predicted by theory on the hypothetical
anion [Fe(n3-C3H3)(CO)3]- 16 and that found experimen-
tally for the cobalt complex [Co(C3Ph3)(CO)3].l7 The
distance from the metal to the C3 centroid (2.02 A) is
consistent with distances found in a variety of other
cyclopropenyl complexes, which show a range of 1.92-
2.07 A5 As usually found for substituents bound to
cyclopropenyl ligands, the tert-butyl substituents are bent

Table II. Fractional Atomic Coordinates (X104) and
Isotropic Thermal Parameters (42 X 103) for
[Er(n3-C5'Bus)(CO);] (5b)

X y z e
Ir -598.0(9) 7500 5839.6(6) 52.1(3)
Ir 2137.4(10) 7500 9417.4(6) 5.57(3)
Oo(1) 126(16) 9103(10) 7124(10) 104(6)
0(2) 1826(25) 7500 4477(15) 172(18)
o(1") 3080(19) 9230(14) 8314(11) 136(9)
0(2) -1145(23) 7500 8988(16) 141(13)
C(1) ~-129(18) 8521(12) 6634(12) 69(6)
C(2) 744(36) 7500 4954(23) 96(13)
C(3) -2434(15) 7997(11) 5043(10) 61(5)
C(4) -2919(22) 7500 5819(13) 46(7)
C(5) -2647(18) 8852(13) 4461(11) 69(6)
C(6) -1655(22) 8821(15) 3641(14)  93(8)
C(7) -4244(17) 8843(14) 4098(13) 84(8)
C(8) -2386(24) 9742(12) 5047(15) 104(10)
C(9) -3733(37) 7500 6518(19) 95(13)
C(10) -3639(24) 8368(17) 7136(15) 113(11)

C(11)  -5435(28) 7500
c(1) 2814(20) 8580(17)
c2) 318(38) 7500
c(3) 2265(20) 7979(11)
C(4) 3589(24) 7500

6097(21) 98(13)
8701(11) 91(9)
9060(17)  103(14)
10795(9) 65(6)
10575(13) 58(8)

c(5) 1687(21) 8822(12)  11297(12) 71(7)
C(6") 128(25) 8864(17)  1123717)  128(12)
c(7) 2329(23) 8840(14)  12283(11) 94(9)

c(8) 2330(29) 9728(13)  10841(17)  134(12)
c(9) 5205(25) 7500 10654(15) 59(8)

Cc(10)  5867(31) 8278(21)  10188(16)  165(17)
C(11)  5690(32) 7500 11692(23)  157(22)

4 Equivalent isotropic U defined as one-third of the trace of the
orthogonalized Uy tensor.

out of the plane of the C; ring away from the metal. The
“bend-back angle” is defined as the angle between the
substituent to ring carbon bond and the vector from the
ring carbon to the Csring centroid. InTable IV, the bend-
back angles for 5b are compared to those of two analogues,
[Co(n®-C3Phg)(CO);3]'7 and [WCp(53-Cs'BuzMe)(PMe;)-
Clz] (1).4 A comparison of 5b to [Co(n3-C3Ph3)(CO)s)
reveals no dramatic difference in bend-back angles, but
the tert-butyl groups in 1 are bent back considerably
farther than those of 5b, possibly due to more significant
steric interactions between these substituents and the
ancillary ligands on 1 compared to those in 5b.
Precedence for carbonyl substitution in cyclopropenyl
metal carbonyl complexes is found in the known complexes
811 and 9'8 which were both prepared from the corre-

(17) Chiang, T.; Kerber, R. C.; Kimball, S. D.; Lauher, J. W. Inorg.
Chem. 1979, 18, 1687-1691.

(18) Hughes, R. P.; Lambert, J. M.; Hubbard, J. L. Organometallics
1986, 5, 797-804.
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Table III.  Selected Bond Distances and Angles for
[Ir(n3-C5'Bu3)(CO);] (5b)

Hughes et al.

Table V. Free Energies of Activation (AG*) for
Cyclopropenyl Rotation about the M-C; Axis

molecule A molecule B complex AG* (298 K), kJ mol-!
(a) Bond Distances (A) [Co(n3-C3'Bu;)(CO)2(PMe;)] (10a) 56.7x£1.0
Ir-C(1) 1.91(2) 1.98(2) [Rh(n*-C3tBu3)(CO)2(PMes)] (10b) 709+ 1.4
Ir-C(2) 1.84(3) 1.78(4) [Ir(3-C3'Bu3)(CO)2(PMe;)] (10¢) 772%1.2
Ir-C(3) 2.18(2) 2.13(1) [Ir(n*-C3'Bu3)(CO),(PPh;)] (10d) 66.1 1.0
Ir-C(4) 2.19(2) 2.15(2) [Ir(73-C;tBu3)(CO),P(OMe;)] (10e) 709 £ 1.3
0O(1)-C(1) 1.12(2) 1.12(3) [Ir(n®-C4'Bu3)(CO),(CN*Bu)] (10) 76.7%1.2
0(2)-C(2) 1.25(4) 1.38(4) [Fe(n3-C3'Bu;)(CO)(NO)(PMes)] (9) 470£1.0
C93)-C(4) 1.43(2) 1.47(3)
C93)-C(3a) 1.42(3) 1.37(3) carbonyl complexes of cobalt triad.’® Attempts to use
g(i’)‘_g(g) i'gg(i) iggg; bulky PPh; in substitution at the smaller cobalt center in
(6-CO) . df‘\ (1 )(d ) ' 5a were unsuccessful, even at elevated temperatures. In
ond Ang es \aeg addition, reaction of the iridium complex §b with tert-
Ir-C(D-O(1) 177.6(13) 173.5(19) butyl isocyanide afforded the monosubstituted complex
Ir-C(2)-0(2) 169.3(27) 167.3(21) . 1bstit
C(1)-Ir-C(2) 106.2(8) 99.7(7) 10f, which could be separated by sublimation from small
C(1)-Ir-C(3) 104.1(7) 104.0(7) amounts of a disubstituted analogue. Thelatter compound
g(z):g‘f?c) s So0000) ?5)75'71(2) was not characterized further.
ng —CE3; —CE3:; 602227)) 62:2§7)) The monosubstituted products exhibited the expected

Table IV. Substituent Bend-Back Angles for Selected
13-Cyclopropenyl Complexes

complex bend-back angle,* deg
[Ir(n3-C3tBu3)(CO)s] (5b) 19.3,19.3,15.0
[Co(n3-C3Ph3)(CO)s) 20.3,22.2,15.9
[WCp(13-C3tBu,Me) (PMes)Cl,] (1) 36.7 (*Bu), 29.5 (‘Bu),
25.3 (Me)

4 Values rounded to one decimal place.

sponding carbonyl derivatives by reaction with PMes,.

CCJ\ Fe
o® c/ PMe; MesP / \N
¢ )
o 0
8 9

Likewise treatment of the tricarbonyl complexes 5 with
avariety of tertiary phosphorus ligands led to substitution
of one CO ligand and formation of complexes 10a—e. The

10 a M= Co; L = PMe;
b. M = Rh; L = PMe;
¢. M=l L =PMe;y
d.M=Ir;L=PPhy
6. M=1r; L = P(OMe);
f. M=1Ir;L ="BUNC

11 a.M=Fg;L=FPh,
b.M=OS;L=PPh3
c.M=Feg;L="BuNC

substitution reactions required significantly different
degrees of thermal vigor; for the cobalt complex 5a,
substitution with trimethylphosphine required 2 days in
refluxing benzene, whereas the corresponding reactions
of the rhodium and iridium analogues required only 3 and
4 h, respectively, at ambient temperature. A detailed study
of the kinetics of these reactions shows them to be the
first examples of dissociative CO substitution in the

two v, bands of equal intensity in their IR spectra. For
a rigid structure, as shown for compounds 10 two tert-
butyl resonances in a ratio of 1:2 are expected, for the ring
substituent distal to ligand L and the two substituents
proximal to L, respectively; if cyclopropenyl ring rotation
is rapid on the NMR time scale, these resonances should
coalesce to a single peak. 'H NMR spectra taken at
ambient temperature exhibited a variety of behavior; the
tert-butyl resonances of 10a were coalesced at 22 °C, while
those for 12¢ were decoalesced at the same temperature.

/%

| g
_Fe

oc” / \c
¢ o
0

12 (R = COMe, CHOHMe, CHMeOAc, Et)

All compounds exhibited the expected variable temper-
ature behavior of a two resonance — one resonance
coalescence on going from lower to higher temperatures.
The question of whether phosphorus ligand dissociation
was responsible for the observed dynamic behavior was
addressed by adding excess PMe; to an NMR tube
containing 10¢ in toluene-ds. Variable temperature 'H
NMR spectra showed no difference in the coalescence
behavior of the cyclopropenyl ligand and the !H chemical
shift for free PMe; did not coalesce with the resonance for
the bound PMe;. The variable temperature 1H NMR
spectrum of the iron analogue 98 was also reexamined,
and decoalescence to the expected three tert-butyl res-
onances was observed at —80 °C.

These variable temperature spectra were simulated,2°
and values for the free energy of activation (AG*) for
cyclopropenyl rotation about the metal-C; axis were
calculated using the Eyring equation.?! Values were
obtained for complexes 9 and 10a-f and are compiled in
Table V.

(19) Shen, J.-K.; Tucker, D. 8.; Basolo, F.; Hughes, R. P.J. Am. Chem.
Soc., submitted for publication.

(20) The original version of the dynamic NMR simulation program
was written by: Kleier, D. A.; Binsch, G. J. Magn. Reson. 1970, 3, 146—
160; Program 165, Quantum Chemistry Program Exchange, Indiana
University. Modifications are described in: Bushweller, C. H.; Bhat, G.;
Lentendre, L. J.; Brunelle, J. A.; Bilofsky, H. S.; Ruben, H.; Templeton,
D. H.; Zalkin, A. J. Am. Chem. Soc. 1975, 97, 65-73.

(21) Eyring, H. Chem. Rev. 1935, 17, 65~77.
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Comparison of AG* values for complexes 10a~c dem-
onstrates that the barrier to cyclopropenyl rotation shows
asignificant increase on descending the group. While this
general observation has been made for barriers torotation
of olefin and 1,3-diene complexes of transition metals,2e
perhaps the best comparison is with n4-trimethylene-
methane complexes of group 8, in which the 3-fold nature
of the ligand rotation is closest to that operative in
compounds 10. Based on dynamic NMR studies, the value
of AG* for trimethylenemethane rotation in 11a has been
shown to be 65 + 4 kJ mol~22 whereas the corresponding
osmium analogue 11b does not show variable temperature
behavior and spin-magnetization transfer experiments
have shown that the lower limit to the rotation barrier
must be 95 kJ mol-1.22 The effects of ancillary ligands on
cyclopropenyl rotation are apparent by comparison of AG*
values for the series of iridium complexes 10c~f. Clearly,
AG* is not directly related to steric effects of tertiary
phosphorus ligands, as reflected by cone angles,? as the
barrier for the PPh; complex 10d is lower than that for
the PMes analogue 10c. However there is a correlation
between the basicity of the phosphorus ligand, with more
strongly basic ligands affording higher values of AG*. This
is in direct contrast to trimethylenemethane rotation, in
which more basic phosphorus ligands appear to lower the
rotation barrier?2significantly compared to those observed
in their tricarbonyl analogues 12.25 Curiously, in our
system, the more strongly accepting tert-BuNC ligand
gives rise to a AG* value for 10f identical to that observed
for the PMe; complex 10¢. Itis noteworthy that the value
of AG* for trimethylenemethane rotation in the tert-BuNC
substituted iron complex 1l¢ is 91 + 6 kJ mol-!, signif-
icantly higher than that for 11a and its tertiary phosphine
analogues.?? There are clearly significant effects of
electronic control in both systems that require considerable
further evaluation experimentally and theoretically.

Experimental Section

General Procedures. All reactions were performed under a
dinitrogen atmosphere using standard Schlenk techniques. The
dinitrogen was deoxygenated over BASF catalyst and dried over
Aquasorb. IR spectra were obtained on a Bio-Rad FTS 40
spectrometer. The 'H (300 MHz), 3C{'H} (75 MHz), and P{*H}
(121.4 MHz) NMR spectra were obtained on a Varian Associates
XL-300 spectrometer at 22 °C unless otherwise noted. 3'P{'H}
chemical shifts were recorded in ppm and referenced with external
85% H3sPO4 Chemical shifts for *H spectra and 3C{'H} spectra
were recorded in ppm downfield from T'MS and referenced with
internal deuteriochloroform, toluene-ds, or deuteriobenzene.
Variable temperature NMR spectra were recorded on a Varian
Associates XL-300 spectrometer. The probe was calibrated at
various temperatures by using samples of methanol (low tem-
perature)® and ethylene glycol (high temperature).2” Allsolvents
were dinitrogen saturated. Hydrocarbon and ethereal solvents
were distilled over potassium or a sodium/potassium alloy.
Methylene chloride was distilled over calcium hydride. Mi-
croanalyses were performed by Spang Microanalytical Labora-
tory, Eagle Harbor, M1

(22) Girard, L.; Baird, M. C. J. Organomet. Chem. 1993, 444, 143.
Girard, L.; MacNeil, J. H.; Mansour, A.; Chiverton, A. C.; Page, J. A.;
Fortier, A.; Baird, M. C. Organometallics 1991, 10, 3114-3119.

(23) Jones, M. D.; Kemmitt, R. D. W,; Platt, A. W. G. J. Chem. Soc.,
Dalton Trans. 1986, 1411,

(24) Tolman, C. A. Chem. Rev. 1977, 77, 313.

(25) Magyar, E. S,; Lillya, C. P. J. Organomet. Chem. 1976, 116, 99—
102.

(26) Van Geet, A. L. Anal. Chem. 1968, 40, 2227-2229,

(27) Van Geet, A. L. Anal. Chem. 1970, 42, 679-680.

Organometallics, Vol. 12, No. 8, 1993 3073

Starting Materials. Trimethylphosphine, triphenylphos-
phine, trimethyl phosphite and tert-butyl isocyanide were
purchased from Aldrich Chemical Co. Hydrated rhodium
trichloride was obtained from Johnson Matthey Aesar/Alfa. Tri-
tert-butylcyclopropenyl tetrafluoroborate,? [Co(r3-CatBug) (CO)s], 1
[Ir(n*-C3tBus)(CO)3],18 and [PPN][Rh(CO)}® (PPN = bis-
(triphenylphosphiniminium) were prepared by literature pro-
cedures.

[Rh(n*-Cy!Buy)(CO);] (5c). Toan orangesolution of [PPN]-
[Rh(CO),] (1.03 g, 1.37 mmol) in THF (12 mL) was added [Cs"-
Bu;][BF,] (0.358 g, 1.43 mmol). The white solid [CstBug] [BF ]
dissolved slowly and the slurry turned green over the first 5 min
of stirring. After more prolonged stirring the slurry then turned
red/purple during the latter part of the 4-h reaction time.
Volatiles were removed in vacuo affording an orange solid.
Extraction with petroleum ether (2 X 20 mL), followed by solvent
removal afforded a yellow solid which was recrystallized from
hexanes to give 5¢ (0.473 g, 1.20 mmol, 88%): mp 79 °C dec; IR
(hexanes) vog 2059, 2003 cm-!; 'H NMR (CgDg) 6 1.09; ¥C{H}
NMR (CeDg): 6 193.49 (d, CO, Jruc = 68 Hz), 65.80 (d, CstBus,
1Jrpe = 6 Hz), 31.39 (CHjy), 29.53 (CMes). Despite repeated
attempts analytically pure samples of ¢ could not be obtained.

[Co(n*-Cs*Buy)(CO)2(PMe;)] (10a). To a clear solution of
[Co(n®-Cs5tBug) (CO)s] (5a) (0.090 g, 0.026 mmol) in benzene (12
mL) was added PMe;g (0.022 g, 0.029 mL, 0.28 mmol). The clear
solution was heated to reflux and stirred for 2 days. At the end
of this time a pale blue solution was observed. The volatiles
were removed in vacuo, and the residue was filtered on a neutral
alumina/petroleum ether column (3 X 1.5 cm). The resulting
yellow liquid contained the product and after solvent removal
afforded yellow solid 10a which was recrystallized from hexanes
(0.094 g, 0.24 mmol, 91%): mp 147 °C dec; IR (hexanes) vco
1986, 1932 cm™!; 'H NMR (toluene-dg) 6 1.22 (s br, 27 H, tBu),
1.11 (d, 9 H, PMej,, 2Jpy = 6 Hz); *C§{*H} NMR (toluene-ds, —70
°C) § 207.9 (CO), 64.18 (2 C, C*Bu), 61.13 (d, 1 C, C*'Bu, 2Jpc =
12 Hz), 31.85 (6 C, CHy), 31.45 (d, 3 C, C(CHy)s, *Jpc = 5 Hz),
31.44 (1 C, CMejy), 31.01, (2 C, CMejy), 21.81 (d, PMes, 1Jpc = 21
Hz); *'P{'H} NMR (toluene-dg) & —10.82. Anal. Calcd for
CH3:CoO.P: C, 60.29; H, 9.11. Found: C, 60.49; H, 9.16.

[Rh(n®-Cs*Buy)(CO)2(PMes)] (10b). To an orange solution
of [Rh(#3-CstBug)(COs)] (5¢) (0.197 g, 0.500 mmol) in hexanes
(10 mL) was added PMe; (0.042 g, 0.050 mL, 0.550 mmol). The
solution became lighter in color over the first 2 min of stirring
and was allowed to stir for 3.3 h. The volatiles were removed in
vacuo, affording orange solid 10b (0.11 g, 0.26 mmol, 52%): mp
91 °C dec; IR (hexanes) vco 2002, 1958 cm-!; 'H NMR (toluene-
dg) 6 1.28 (9 H, tBu), 1.18 (18 H, ‘Bu), 1.12 (dd, 9 H, PMes, 2Jpy
= 6 Hz, 3Jrpy = 1 Hz); 13C{!H} NMR (toluene-ds) & 196.90 (dd,
CO, 2Jpc = 2 Hz, 1Jruc = 70 Hz), 60.76 (dd, 2 C, C*Bu, %Jpc = 4
Hz, 'Jrpc = 8 Hz), 57.60 (dd, 2 C, C*Bu, 2Jpc 23 Hz, lJguc = 10
Hz), 32.29 (C(CHa)s, 6 C), 31.67 (d, 3 C, C(CHy)s, 4Jpc = 6 Hz),
29.72 (3 C, CMe;s, two isochronous peaks), 22.64 (d, PMeg, 'Jpc
= 17 Hz); 'P{*H} NMR (toluene-dg) § -35.51 (d, 'J/pry = 147 Hz).
Anal. Calcd for C5Hg0.PRh: C, 54.30; H, 8.20. Found: C,
54.11; H, 8.07.

[Ir(n3-Cy*Buy)(CO)2(PMes)] (10c). To a clear solution of
[Ir(n8-C4'Bug)(CO)3] (8b) (0.096 g, 0.198 mmol) in hexanes (10
mL) was added PMe; (0.017 g, 0.022 mL, 0.218 mmol). The clear
solution was stirred for 4 h and did not change in appearance.
The volatiles were removed in vacuo, affording white solid 10c
(0.61g,0.12mmol, 58 % ). Recrystallization from hexanes afforded
white cubes: mp 137 °C dec, IR (hexanes) vco 1995, 1946 cm-1;
1H NMR (CgDe) 4 1.35 (9 H, *Bu), 1.23 (18 H, *Bu), 1.21 (d, 9 H,
PMes, 2Jpy = 8 Hz); BC{tH} NMR (C¢Dg) 6 177.65 (d, CO, 2Jpc
= 5 Hz), 41.35 (d, 2 C, CtBu, 2Jpc = 5 Hz), 37.59 (d, 1 C, C*Bu,
2Jpc = 14 Hz), 32.72 (6 C, CHj), 31.98 (d, 3 C, C(CHy)s, 4Jpc =
5 Hz), 27.75 (2 C, CMey), 27.71 (1 C, CMey), 23.77 (d, P(CHy)s,

(28) Ciabattoni, J.; Nathan, E. C.; Feiring, A. E.; Kocienski, P. J. Org.
Synth. 1974, 54, 97-102.

(29) Garlaschelli, L.; Della Pergola, R. Inorg. Synth. 1991, 28, 211-
215.
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4Jpc = 5 Hz); 3'P{!H} NMR (C¢Dg) & —76.34. Anal. Calcd for
CooH3gIrOoP: C, 45.18; H, 6.82. Found: C, 45.13; H, 6.75.

[Ir(n3-Cs'Bus)(CO)2(PPhy)] (10d). A clear solution of com-
plex 5b (0.212 g, 0.438 mmol) in benzene (15 mL) was charged
with PPh; (0.121 g, 0.460 mmol). The clear solution turned pale
yellow while refluxing for 2 days. The volatiles were removed in
vacuo, and the residue was filtered on a Florisil/petroleum ether
column (12 X 2.5 cm). The resulting clear liquid contained the
product and after solvent removal afforded white solid 10d (0.177
g, 0.247 mmol, 56%). Recrystallization from hexanes/diethyl
ether afforded white cubes: mp 174 °C dec; IR (hexanes) vco
1998, 1950 cm-!; tH NMR (CgDg) 5 7.81 (m, 6 H, Ph), 7.01 (m,
6 H, Ph), 6.92 (m, 3 H, Ph), 1.43 (br s, 9 H, tBu), 1.07 (br s, 18
H, 'Bu); BC{tH}NMR (C¢Dg) 6 178.50 (d, CO, %Jpc = 2 Hz), 138.93
(d, ipso-C PPh, 'Jpc = 38 Hz), 134.10 (d, ortho-C PPh, %Jpc =
12 Hz), 129.62 (d, para-C PPh, 4Jpc = 2 Hz), 128.19 (d, meta-C
PPh, 3Jpc = 10 Hz), 44.00 (d, 2 C, CtBu, 2Jpc = 4 Hz), 38.8 (d,
1C, C*Bu, 2Jp¢ = 22 Hz), 32.26 (6 C, CH3), 32.06 (3 C, CHjy), 28.54
(1 C, CMey), 28.08 (2 C, CMejy); 3'P{tH} NMR (CgDg) 6 —7.62.
Anal. Caled for CgsHIrO,P: C,58.56; H, 5.90. Found: C,58.64;
H, 5.99.

[Ir(n3-CstBu,)(CO),P(OMe);] (10e). A clear solution of
complex 5b (0.188g, 0.389 mmol) in hexanes (10 mL) was charged
with fresh distilled P(OMe); (0.053 g, 0.050 mL, 0.43 mmol). The
clear solution stirred for 3 h, and then the volatiles were removed
in vacuo, affording white solid 10e (0.226 g, 0.389 mmol, 100%).
Recrystallization from hexanes afforded white cubes: mp 143
°C dec; IR (hexanes) vco 2003, 1956 ecm-1; tH NMR (CgDg) 6 3.28
(d, 9 H, OMe, 8Jpc = 12 Hz), 1.36 (br s, 9 H, *Bu), 1.34 (brs, 18
H, 'Bu); B3C{*H} NMR (toluene-ds) & 176.27 (d, CO, 2Jp¢ = 5 Hz),
51.28 (d, OMe, 2Jpc = 4 Hz), 43.70 (d, 2 C, C'Bu, 2Jpc. = 4 Hz),
39.44 (d, 1 C, CtBu, 2Jpc = 35 Hz), 32.38 (CHj, 6 C), 32.03 (d, 3
C, C(CHy)3, *Jpc = 7 Hz), 28.31 (d, 1 C, CMe;3, 3Jpc = 3 Hz), 27.91
(2 C, CMey); P{'H} NMR (toluene-dg) 6 -60.75. Anal. Caled
for CyHselrOsP: C, 41.44; H, 6.26. Found: C, 41.56; H, 6.26.

[Ix(n3-Cs*Bus)(CO)2(CNtBu)] (10f). A clear solution of
complex 5b (0.183 g, 0.378 mmol) in petroleum ether (5 mL) was
charged with CN*Bu (0.0338 g, 37.8 uL, 0.400 mmol). The clear
solution stirred for 34 h, and then the volatiles were removed in
vacuo, affording white solid 10f contaminated with 5b and some
[Ir (n3-CstBug) (CO)(CN!Bu),] (IR (hexanes) vey 2100, 2068 cm-!,
veo 1946 ecm-1; TH NMR (CgDsg) & 1.49 (18 H, CstBug), 1.48 (9 H,
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CstBug), 0.95 (18 H, CNtBu)). Purification by gradient subli-
mation afforded 5b (0.083 g, 0.154 mmol), 41%) as white cubes:
mp 111-114 °C dec; IR (hexanes) voy 2139 cm, vgo 2001, 1959
cm-}; TH NMR (CsDs) 6 1.33 (27 H, C;tBug); 0.83 (9 H, CN*Bu);
13C{*H} NMR (CDCly) § 175.01 (CO), 56.33 (NC*Bu), 41.29 (2 C,
C;-tBu), 38.28 (1 C, Cg-*Bu), 32.04 (6 C, C3(CMey)s), 31.57 (3 C,
C3(CMez)s), 30.81 (NCMey), 30.53 (NCMes), 27.96 (2 C, Cs-
(CMe3)s), 27.52 (1 C, C3(CMeg)s). Anal. Caled for C3oHgglrNOo:
C, 49.05; H, 6.73. Found: C, 49.10; H, 6.47.

X-ray Crystallographic Determination of [Ir(n’-Cs*Bu,)-
(CO);] (5b). A crystalsuitableforX-raystructural determination
was mounted on a glass fiber with epoxy cement. Crystal
parameters and data collection and refinement parameters are
collected in Table I. The systematic absences in the diffraction
data established the space group as P2,/m or P2,. The E statistics
suggested the centrosymmetric alternative, and the chemically
sensible results of refinement established the space group as P2,/
m. An empirical correction for absorption was applied (T nex/
Trin) = 2.81).

The structure was solved by heavy-atom methods that located
the Ir atoms. The remaining non-hydrogen atoms were located
through subsequent difference Fourier syntheses. All hydrogen
atoms were included as idealized isotropic contributions (dex =
0.960A, U = 1.2U for attached C). Allnon-hydrogen atoms were
refined with anisotropic thermal parameters. All software and
the sources of the scattering factors are contained in the
SHELXTL(5.1) program library (Nicolet Corp., Madison, WI).

The asymmetric unit contains two chemically similar but
crystallographically independent half-molecules residing on
crystallographic mirror planes.
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coordinates and isotropic thermal parameters for 5b (4 pages).
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