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Abstract

Reactions of [Rh(COD)CI], with unsymmetric aliphatic diamines (LL') have been studied. The¢ 1:1
ligand:dimer reactions yield ionic products [Rh(CgH;;)(LL')][RhCl,(CegH,,)] that in solution are in
equilibrium with the respective binuclear compounds {{RhCl;(CgH,;)]:(u-LL')}. The X-ray structure
of [Rh(CgH;;)(C,N,H,4)][RhCL,(CgH,5)] is presented. When the reactions are performed in media
saturated with CO, carbonylated ion-pair complexes are obtained. The 2:1 ligand:dimer reactions afford
neutral tetracoordinated [Rh(COD)(LL’)Cl] compounds bonded through the primary amino group,
and show rapid interchange of olefinic protons at room temperature. The synthesis and properties of
cationic complexes of general formulae [Rh(COD)(LL")]CIO, and [Rh(CO)(PPh,;)}(LL")JClO, are also
discussed. Cyclooctadiene compounds show association processes in acetone solution, though they are
monomeric in the solid state. The X-ray structure of [Rh(CgH,,}(C;N,H,4)]ClO, indicates the existence
of hydrogen bonding between the oxygens in the perchlorate anion and the primary amino group in

the cation.

Introduction

It is well known that potentially bidentate N-donor
ligands cleave easily the chlorine bridges in
[Rh(COD)Cl], complexes to give different types of
products, depending on the ligands and/or the stoi-
chiometric  ratios employed. Thus, some
bis(pyrazolyl)methane derivatives may give dinuclear
[Rh,Cly(diolefin),(u-LL)] [1, 2] compounds irre-
spective of the stoichiometric ratios used, while others
give mononuclear cationic tetracoordinated [1] or
neutral pentacoordinated complexes [2] when
Rh:LL=1:1. o-Diimines may give dinuclear com-
pounds [3] or ion-pair [Rh(diolefin)(LL)]*-
[Rh(diolefin)Cl,]~ complexes [4], nevertheless, it has
been suggested that in solution both forms exist in
equilibrium. Substituted phenanthrolines [5, 6] and
aliphatic diamines [7] (Rh:LL=2:1) may give ion-
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pair complexes or neutral pentacoordinated species.
When Rh:LL =1:1, a-diimines [4], substituted phen-
anthrolines [5, 8] and chelating aminomethylpyridines
[9] give tetracoordinated cationic species. Non-che-
lating ligands such as some aminomethylpyridines
[9], pyrazyne [10], pyrimidine [11] and 4,4'-bipyrazole
type ligands [12] afford dinuclear neutral complexes
with bridging LL groups (Rh:LL=2:1), while tetra-
coordinated monomeric neutral compounds are
formed when Rh:LL=1:1 and LL =aminopyridines
[9], pyridazine [10], benzotriazole derivatives [13] or
imidazole type ligands [8, 14], where LL act as
monodentate. Some of the aforementioned ligands
may give carbonylated neutral species similar to the
analogous diolefinic compounds [10, 12-14], but in
other cases only cation-anion [Rh(CO),(LL)]*-
[Rh(CO),Cl,]~ species are obtained [1, 2, 6, 7, 15],
probably due to high stability of the carbonylated
anion.

© 1991 — Elsevier Sequoia, Lausanne
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We report now the reaction between
[Rh(COD)CI], and unsymmetric aliphatic diamines
containing one primary and one cyclic tertiary amino
group, LL’, using different stoichiometric ratios. The
behaviour of solutions of the obtained compounds,
their reactions with carbon monoxide and the study
of cationic complexes containing these ligands are
described. Crystal structures of representative com-
pounds are also reported.

Experimental

The preparation of the metal complexes was carried
out at room temperature under nitrogen by standard
Schlenk techniques. [Rh(COD)CIl]; [16] and
[Rh(COD),]CIO, [17] were prepared as previously
reported.

Microanalyses were carried out with a Perkin-
Elmer 240C microanalyzer. Conductivities were mea-
sured in acetone solution with a Metrohm E 518
conductimeter. IR spectra were recorded with a
Perkin-Elmer 598 spectrophotometer in the range
4000-200 cm ™! using nujol mulls between polyeth-
ylene sheets. NMR spectra were recorded with an
XL-300 Varian spectrometer, 'H (TMS internal stan-
dard) and *'P (H,;PO, external standard) spectra
were measured from CDCl; solutions at variable
temperature in 5 mm tubes. Molecular weights were
measured with a Knauer cryoscopic unit using ben-
zene as solvent.

Preparation of [Rh(COD)(LL')][Rh(COD)CL,]
complexes

To a CHCl, solution of [Rh(COD)Cl], (0.06
mmol), was added an equimolar amount (0.06 mmol)
of the corresponding ligand. The addition of hexane
or diethyl ether, gave yellow complexes that were
filtered off, washed with hexane and vacuum dried.
Yields 46-60%.

Preparation of [RR{(CO),(LL’)] [Rh(CO),Cl,]
complexes

Carbon monoxide at room temperature was bub-
bled for 30 min through dichloromethane solutions
prepared as indicated previously, whereupon their
colour darkened. Subsequent addition of hexane or
diethyl ether, gave the corresponding reddish com-
plexes that were filtered off, washed with hexane
and vacuum dried. Yields 30-76%.

Preparation of Rh(COD)(LL')Cl complexes

To a CH,Cl, solution of [Rh(COD)CI], (0.06
mmol), was added a double amount (0.12 mmol) of
the corresponding ligand. The addition of hexane
or diethyl ether, gave yellow complexes that were

filtered off. The products were washed with hexane,
recrystallized from dichloromethane/diethyl ether
and vacuum dried. Yields 56%.

Preparation of [Rh(COD)(LL')]CIO, compounds

These complexes were prepared by adding an slight
excess of ligand (0.15 mmol) to a dichloromethane
solution of [Rh(COD),;]CIO, (0.12 mmol). The yellow
products which were formed immediately, were pre-
cipitated by addition of diethyl ether, filtered off,
washed with diethyl ether and vacuum dried. Yields
62-75%.

Preparation of [Rh(CO)(PPh;)(LL')]CIO,
compounds

Carbon monoxide at room temperature was bub-
bled for 5 min through a dichloromethane solution
of the corresponding [Rh(COD)(LL')]CIO4 com-
pound (0.09 mmol), during which the colour of the
solution darkened. Addition of triphenylphosphine
(0.09 mmol) gave yellow solutions. Subsequent ad-
dition of diethyl ether precipitated the complexes
which were filtered off, washed with diethy! ether
and vacuum dried. Yields 66-90%.

X-ray structure determinations

Crystals of both compounds were mounted in a
kappa diffractometer. The cell dimensions refined
by least-squares fitting the values of 25 reflections.
The intensities were corrected for Lorentz and po-
larization effects. Scattering factors for neutral atoms
and anomalous dispersion corrections for Rh and
Cl were taken from the International Tables for X-
Ray Crystallography [18].

[Rh(CsH12)(C7N:H;s)][RRCL (CsHy2)]

A summary of the fundamental crystal data is
given in Table 1. The crystals were yellow, fibrous
and polysynthetically twinned. The structure was
solved by Patterson and Fourier methods. An em-
pirical absorption correction {19] was applied at the
end of isotropic refinement. The maximum and min-
imum absorption correction factors were 1.012 and
0.941, respectively.

We have observed a very important non-resolvable
positional disorder in the cyclooctadiene bonded to
Rhl and the structure was refined within space groups
P1 and P1. In PI1 all the anisotropic thermal pa-
rameters determinants were positive, in P1 some of
them became negative, the standard deviations were
larger and the disorder remained. Hence, the space
group P1 was retained.

Final refinement employed fixed isotropic factors
and coordinates for H atoms. In order to prevent
bias on (F) versus (F,) or (sin 8/A), the last steps



TABLE 1. Crystal and refinement data for
[Rh(CsH2)(C7N2H,6) | [RhCly(CsHyz)]
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TABLE 3. Crystal and refinement data for

[Rh(CsH12)(GNzH,6)ICIO,

Formula RhCy;ClINHy
M, 621.30
Crystal system triclinic
Space group Pi
a (A) 8.954(2)
b (A) 10.842(2)
c (A) 13.745(4)
a (%) 83.13(2)
B (") 76.73(2)
v (° 70.18(2)
vV (A% 1220.5(5)
zZ 2
F(000) 632
Peaic (g Cm—a) 1.69
Temperature (°C) 22
o (cm™1) 15.66
Crystal dimensions 0.2x0.2x0.3
(mm)
Diffractometer Enraf-Nonius CAD4
Radiation graphite-monochromated Mo Ka

(A=0.71069 A)
Scan technique w/20
Data collected (—10, —12, 0) to (10, 12, 16)
Reflections collected 4672

Unique data 4288
Unique data (J)>3o(/) 2885
Rine (%) 1.3
Standard reflections 3/186
RF (%) 10.4
R.F (%) 14.6

Average shift/error 0.03

TABLE 2. Coefficients for the weighting scheme in
[Rh(CgH 12 }(CiNH, ) |[RhCl(CgHyp)]

a b c d
|Fo| <33 491  —0.04
33 <|F,| <231 3.01 0.02
(sin6)/A <0.60 A™? 250 —331

of the refinement were calculated by Pesos [20] with
weights w=w;w, where w, = 1/(a +b|F,|)* and w,=1/
(c +d (sin 8)/A) and the coefficients shown in Table
2.

[Rh(CsH2)(C7NzH )] ClO,

A summary of the fundamental crystal data is
given in Table 3. The crystals are yellow and prismatic.
The structure was solved by Multan [21] and Fourier
methods. An empirical absorption correction [19]
was applied at the end of the isotropic refinement.
The oxygen atoms of the perchlorate anions were
refined isotropically because of some non-resolvable
disorder from thermal motion.

Formula RhC,5sCIN,O,Hy
Crystal system monoclinic
Space group C2/c
a (A) 20.356(6)
b (A) 19.437(6)
c (A) 11.035(7)
B 122.50(3)
vV (A% 3682(3)
V4 8
F(000) 1808
Pcatc (g Cm—l) 1.58
Temperature (°C) 22
u (cm™h) 10.78
Crystal dimensions 0.4x0.2x0.2
(mm)
Diffractometer Enraf-Nonius CAD4
Radiation graphite-monochromated Mo Ko

(A=0.71069 A)
Scan technique /20
Data collected (—24, 0, 0) to 24, 23, 13)
Reflections collected 7286

Unique data 6683
Unique data (1) >20(I) 2849
Rinl (%) 0.7
Standard reflections 3/233
RF (%) 5.4
RF (%) 5.7

Average shift/error 0.02

Final refinement employed fixed isotropic factors
and coordinates for H atoms, except H21 and H22,
that have been located in a final difference synthesis
and refined. No trend in F versus F, or (sin8)/A was
observed.

Most of the calculations were carried out with the
XRAY80 system [22].

Results and discussion

[Rh(COD)CI], reacts with unsymmetric aliphatic
diamines (LL'), such as N-(2-aminoethyl)piperidine
(am-pip), N-(2-aminoethyl)pyrrolidine (am-pyrr) or
2-(aminomethyl)-1-ethylpyrrolidine (amme-etpyrr) in
1:1 molar ratio (Rh:LL’'=2:1) to give yellow com-
plexes of formula Rh;Cl,COD,(LL’). Their analyt-
ical, IR and conductivity data are listed in Table 4.
These complexes show two bands due to the »(N-H)
vibrations displaced towards lower frequencies as
expected for coordinated primary amino groups and
these displacements are similar to those observed
for cation-anion compounds containing other dia-
mines as ligands [7]. The bands due to »(Rh-Cl)
are also present. Surprisingly, these complexes show
very low conductivity values in acetone suggesting
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TABLE 4. Analytical results, IR and conductivity data for chiorine complexes

Complex Analysis: found (calc.) {(N-H) Ayx(N-H) /(Rh-Cl) HC=0) *Ao
(%) (em™?) (em™)  (em™h (em™) (ohm ™!
O cm?
C H N mol 1)

[Rh(COD)(am-pip)][Rh(COD)Cl,] 4330 6.22 4.41 3210(m), 3170(m) 130, 90  260(m) 22
(44.45) (6.44) (4.50)

[Rh(COD)(am-pyrr)][Rh(COD)Cl,] 4288 633 4.62 3220(s), 3170(s) 130, 100 275(m), 260(s) 37
(43.49) (6.26) (4.61)

[Rh(COD)(amme-ctpyrr)|[Rh(COD)Cl;]  43.96 6.50 4.39 3175(s), 3095(s) 175, 175 260(m) 58
(44.45) (6.44) (4.50)

[Rh(CO),(am-pip)][Rh(CO),Cl,] 2509 335 546 3220(m), 3100(m) 120, 160 290(m), 270(m) 2080(s), 85
(25.53) (3.09) (5.41) 2000(s, broad)

[Rh(CO),(am-pyrr)}[Rh(CO),Cl;] 23,55 3.01  5.17 3230(m), 3200(m) 120, 70  310(m), 290(m) 2070(s), 2055(s) 68
(23.86) (2.78) (5.56) 2010(s), 1985(s)

[Rh(COD)(am-pip)C1]° 48.02 738 7.24 3290(m), 3210(m) 50, 50 250(w) 9
(48.07) (7.47) (747)

[Rh(COD)(am-pyrr)Cl] 4641 722 7.54 3240(m), 3210(m) 110, 60  270(m) 18

(46.60) (7.21) (7.76)

*Measured in acetone solution ¢. 2.5x107* M.

strong association in solution, specially for the com-
plex containing am-pip.

To confirm the ionic nature of the solid complexes,
the crystal structure of the compound containing
am-pip was resolved. Atomic parameters are listed
in Table 5. The crystal consists of
[Rh(CgH;,)(C7N,H 6)]* mononuclear cations and
[RhCl,(CgH,,)] ™ mononuclear anions. Figure 1 shows
the geometry of the cation and the anion [23]. The
bond lengths and angles, with their standard devia-
tions are given in Table 6, while the system of
numbering of the atoms in the molecule is shown
in Fig. 1. The calculation of the best plane [24]
through Rh1IN1IN2S1S2 (S1 and S2 are the centres
of the C9=C10 and C13=C14 bonds, respectively)
showed that the coordination polyhedron around
Rh1 is square-planar with a deviation of 0.039(2) A
for the rhodium atom. The C=C double bonds of
CgH,, are nearly perpendicular to the coordination
polyhedron, they form angles of 8(2) and 3(1)(°)
with the normal of the Rh1N1N2S1S2 plane, re-
spectively. The Rh2 atom shows a deviation of
0.005(3) A of the plane Rh2CL1CL2S3S4 and the
C1=C2 and C5=C6 double bonds form angles of
4(2) and 3(2)°, respectively with the coordination
polyhedron.

The low conductivities values in acetone solution
prompted us to study the solution behaviour of these
complexes. The corresponding *H NMR spectra, in
chloroform solution, show the expected signals due
to the coordinated LL', nearly identical to those of
the free ligands. In the complexes containing
LL’=am-pip or am-pyrr, at room temperature, all
the olefinic protons appear equivalent and show one
signal around 4.2 ppm (Table 7). On lowering the

SMW (calc.): 418 (375). Measured in benzene solution by cryoscopy.

TABLE 5. Atomic parameters for [Rh(CgH;,)-
(GN;H,6)][RhCly(CgH )]

Atom x/a yib z/c U
Rh1 0.1748(2) 0.1968(2)  0.1695(1) 28(1)
Rh2 0.6156(2) -0.2656(2)  0.2941(1) 34(1)
CI2 0.6515(9) —0.1097(7)  0.1600(6) 48(3)
Cl1 0.6318(10) —0.4196(8)  0.1796(6) 52(3)
N1 0.219(2) 0.3828(17) 0.1665(12) 25(6)
N2 0.400(2) 0.1556(19) 0.0655(17) 37(7)
C1 0.525(4) —0.114(3) 0.398(2)  52(12)
c2 0.691(4) —0.163(3) 0.383(3) 57(14)
C3 0.790(6) —0.261(6) 0.457(4)  94(28)
C4 0.738(5) —0.379(4) 0.489(2)  68(16)
Cs 0.658(5) ~0.414(3) 0.408(2)  55(14)
Cé 0.501(4) -0.361(3) 0.413(2) 54(12)
C7 0.371(4) —0.267(3) 0.486(3)  71(14)
C8 0.412(5) —0.149(4) 0.492(4)  86(20)
C9 0.180(6) —0.001(4) 0.198(4)  87(0)
C10 0.115(3) 0.047(2) 0.109(2) 37(9)
C11 - 0.069(3) 0.092(3) 0.119(2)  46(11)
C12 ~0.172(4) 0.180(4) 0.211(3)  71(16)
C13 —0.072(4) 0.255(2) 0.241(3)  52(12)
Cl4 0.026(3) 0.207(2) 0.313(2)  36(8)
C15 0.043(5) 0.085(4) 0.366(2)  64(14)
Cl6 0.099(4) —0.033(4) 0.293(3)  64(14)
C17 0.403(3) 0.338(3) 0.144(3)  55(12)
C18 0.470(3) 0.260(3) 0.060(3)  47(12)
C19 0.147(4) 0.459(3) 0.075(3)  52(12)
C20 0.174(6) 0.592(4) 0.057(4)  74(20)
Cc21 0.109(5) 0.673(3) 0.155(3)  64(15)
Cc22 0.179(5) 0.601(3) 0.234(2)  52(14)
C23 0.138(4) 0.468(3) 0.251(2) 49(12)

Weq=(}) 2(Uya™a*,a;a; cos(a;a;)) X 10°.

temperature, the olefinic protons show four of five
signals, one of them, at 4.25 ppm, corresponds to
the [Rh(COD)Cl;] ™ anion. Therefore an interchange



Fig. 1. View of the cation [Rh(CsH,;)(C;N,H,6)]* and the
anion [RhCL(GgH,,)]™, depicting the atom-numbering
scheme.

TABLE 6. Bond distances (A) and angles (°) for
[Rh(CsH 3 )(CN,H 6)][RhCl(CsH;)] with e.s.ds. in pa-
rentheses

Rh1-N1 217(2)  C3-C4 1.49(8)
Rh1-N2 2.13(2)  C4-Cs 1.56(5)
Rh1-C9 2.12(5)  C5-C6 1.31(5)
Rh1-C10 2.17(3)  C6-C7 1.53(4)
Rh1-C13 211(3) C7-C8 1.46(6)
Rh1-C14 2.10(2)  C9-C10 1.44(6)
Rh2-Cl2 2.389(8) C9-Cl16 1.41(6)
Rh2-Cl1 2.376(9) C10-Cl1 1.53(4)
Rh2-C1 2.13(3)  Cli-C12 1.58(5)
Rh2-C2 2.10(4)  C12-C13 1.54(6)
Rh2-C5 2.10(3)  Cl13-Cl4 1.40(5)
Rh2-C6 2.08(3) Cl4-Cl15 1.42(4)
N1-C17 1.52(3)  Cl15-C16 1.59(5)
N1-C19 1.56(4)  Cl17-C18 1.41(5)
N1-C23 1.46(3)  C19-C20 1.52(6)
N2-C18 1.45(3)  C20-C21 1.58(6)
C1-C2 1.38(5)  C21-C22 1.40(5)
C1-C8 1.55(5)  C22-C23 1.58(5)
C2-C3 1.57(6)

C13-Rh1-C14 39(1)  C5-Rh2-C6 36(1)
C10-Rh1-C14  100(1)  C2-Rh2-C6 96(1)
C10-Rh1-C13 84(1)  C2-Rh2-CS 84(1)
C9-Rh1-C14 791)  C1-Rh2-C6 81(1)
C9-Rh1-C13 88(1)  C1-Rh2-CS 92(1)
C9-Rh1-C10 39(1)  C1-Rh2-C2 38(1)
N2-Rh1-C14 155.1(9)  Cl1-Rh2-C6 92(1)
N2-Rh1-C13 166(1)  Cl1-Rh2-CS 91(1)
N2-Rh1-Cl1 91(1)  Cl1-Rh2-C2 159(1)
N2-Rh1-C9 96(1)  Cl1-Rh2-C1 163(1)
N1-Rh1-C14 98(1)  CI2-Rh2-C6 160(1)
N1-Rh1-C13 99(1)  CI2-Rh2-CS 163(1)
N1-Rh1-C10 155(1)  Cl2-Rh2-C2 88(1)
N1-Rh1-C9 164(1)  CI2-Rh2-Cl 90(1)
N1-Rh1-N2 80(1)  CI2-Rh2-CIl 91.0(3)
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process between anion and cation cyclooctadiene
groups in solution seems likely, and this could occur
via an associative process, similar to those suggested
for complexes containing a-diimines [3, 4], such as

[Rh(COD)(LL")][Rh(COD)CL] ==

Cl ;\
I L'=Rh—u

7

u—Rh—L
\: Cl

that could account for the low conductivity values
in acetone solution. On the other hand, the complex
containing amme-etpyrr, that shows the highest con-
ductivity in acetone solution, shows a broad band
at 4.22 ppm, due to the [Rh(COD)CI,]™ anion, at
room temperature.

When these reactions were performed under car-
bon monoxide, carbonylated ion-pair [Rh(CO),-
(LL")][Rh(CO),Cl,] complexes were obtained that
behave as 1:1 electrolytes in acetone solution. Their
IR spectra show the expected bands due to »(N-H),
W Rh-Cl) or »(C=0) (Table 4).

Reaction between [Rh(COD)CI], and am-pip or
am-pyrr (Rh:LL'=1:1) gives neutral [Rh(COD)-
(LL")Cl] complexes (Table 4). Their IR spectra,
show, along with the band due to »{Rh-Cl), two
bands due to the »(N-H) vibrations displaced towards
lower frequencies, that indicate coordination of the
primary amino group. These displacements are mark-
edly lower than those observed for pentacoordinated
compounds containing other diamines as ligands [7]
and suggest tetracoordination for the rhodium atom.
The  molecular  weight measurement  of
Rh(COD)(am-pip)Cl in benzene solution indicates
a monomeric nature in solution. 'H NMR spectra
at room temperature show only one signal due to
olefinic protons but four signals at —50 °C (Table
7). This indicates interchange of olefinic protons that
can occur via pentacoordinated species in those
compounds with low conductivity values (i.e.
LL'=am-pip). Complexes with higher conductivity
values (i.e. LL' = am-pyrr) may interchange the ole-
finic protons via ionic intermediates.

Perchlorate complexes

The addition to dichloromethane solutions of
[Rh(COD),]ClIO, of a stoichiometric amount of LL'
(Rh:LL’' =1:1) gives [Rh(COD)(LL")]CIO, deriva-
tives whose analytical results, along with IR and
conductivity data are collected in Table 8. These
complexes are yellow and moderately air-stable solids.
Their IR spectra show the »{N-H) stretching fre-
quencies to have decreased on coordination similarly



216

TABLE 7. NMR data

Complex 5(=CH) 8p J(*®Rh, ¥'P)
T=16 °C T=~-50"°C

[Rh(COD)(am-pip)|[Rh(COD)Cl,] 4.17 4.52; 4.26" 4.07; 3.77; 3.20(d, broad)

[Rh(COD)(am-pyrr)][Rh(COD)Cl;] 4.19 4.58; 4.25"; 4.14; 3.62

[Rh(COD)(amme-etpyrr)|[Rh(COD)CL]  4.22% 3.94 4.56; 4.20% 4.47; 3.98; 3.81; 3.63

[Rh(COD)(am-pip)Cl] 4.09 4.65; 4.40; 3.77; 3.20(d)

[Rh(COD)(am-pyrr)Cl] 4.10 4.70; 4.49; 4.26; 3.57

Et,N[Rh(COD)Cl;] 4.22* 4.20"

[Rh(COD)(am-pip)]ClO, 4.18; 3.83; 3.35; 3.10(br.)  4.12; 3.77; 3.31; 3.20(m)

[Rh(COD)(am-pyrr)]Cl1O, 4.22; 3.73; 3.38; 296 4.18; 3.67; 3.37; 3.1(m)

[Rh(COD)(amme-etpyrr)]CIO,4 4.26(d); 3.90; 3.74; 3.38 4.32(d); 4.04; 3.81; 3.46

[Rh(COD)(amet-mepyrr)]CIO, 4.1-3.8(c.m.); 3.2(c.m.) 4.13; 3.8(m); 3.23

[Rh(CO)(PPh;)(am-pip)]ClO, 45.47 152

[Rh(CO)(PPh3)(am-pyrr)]ClO, 45.40 150

[Rh(CO)(PPh,)(amme-etpyrr)}Cl1O, 44.23 152

*[Rh(COD)CIl,]~ signal

TABLE 8. Analytical results, IR and conductivity data for perchlorate complexes

Complex Analysis: found (calc.) »#N-H) A(N-H) (C=0) Conductivity data
(%) (em™) (em™)  (em™)
C H N *Ao Ay "Auneor  Arheor
(ohm™* (1:1) (21
cm?
eq™")
[Rh(COD)(am-pip)]CIO, 4051 6.8 642 3280(m), 3240(m) 60, 20 167 1524 616 1450
(41.03) (6.38) (6.38)
[Rh(COD)(am-pyrr)]ClO, 3863 629 6.42 3300(m), 3255(m) 50, 10 155 1141 596 1383
(39.56) (6.12) (6.59)
[Rh(COD)(amet-mepyrr)]CIO, 40.85 629 6.43 3270(m), 3230(m) 80, 40 170 1468 622 1468
(41.03) (6.38) (6.38)
[Rh(COD)(amme-etpyrr)]CIO, 40.26 6.85 6.47 3290(m), 3245(m) 60, 25 152 587 592 1370
(41.03) (6.38) (6.38)
[RE(CO)(PPh;)(am-pip)]CIO, 4988 496 434 3310(w), 3220(w) 30, 40 1980(s) 128 806 556 1250
(49.29) (4.90) (4.42)
[Rh(CO)(PPh;)(am-pyrr)]CIO, 4931 478 433 3290(w), 3230(w) 60, 40  1980(s) 139 867 577 1302
(48.46) (4.68) (4.52)
[Rh(CO)(PPhy)(amme-etpyrr)|CIO,  49.66  4.87  4.42  3290(w), 3225(w) 60, 45 1965(m) 135 713 565 1283
(49.29) (4.90) (4.42)
"Measured in acetone solution. From Onsager’s equation A.=A,—A4/c. plot. ®Calculated according to ref. 27.
to other cationic rhodium(I) complexes containing also been observed for complexes with

aliphatic diamines [25]. The expected bands due to
the coordinated olefin and the uncoordinated per-
chlorate anion (1100(s) and 620(s) cm™?') are also
present [26]. Although the X-ray structure of
[Rh(COD)(am-pip)ICIO, (vide infra) indicates its
monomeric structure in the solid state, measurements
of the equivalent conductivities of the obtained com-
plexes at different concentrations in acetone solutions
gave plots of the Onsager equation A, = A, —~Ayc for
which A values agree with those calculated for 2:1
electrolytes [27] for all cases except for et-pyrr. This
suggests the formation of dinuclear cationic com-
plexes with bridging LL’ ligands in solution and has

bis(pyrazolyl)methane ligands [2].

The 'H NMR spectra in CDCl, solution show the
resonances due to coordinated COD and the LL’
ligands. The corresponding data for the olefinic
protons are listed in Table 7. At room temperature,
the complexes containing am-pip, am-pyrr or amme-
etpyrr, show four groups of signals due to the four
non-equivalent olefinic protons. The complex con-
taining amet-mepyrr, where ligand chelation affords
a six-membered ring, shows a complex pattern in
the 4.1-3.2 region and could be related to ligand
dissociation processes. At low temperatures the spec-
tra remain unchanged.



In order to obtain further information about the
nature of these complexes, the crystal structure of
[Rh(COD)(am-pip)]ClO, was determined. Atomic
parameters are listed in Table 9. The crystal consists
of [Rh(CsH;5)(CsN,H;6)]" mononuclear cations and
perchlorate anions. A view of the cell down the ¢
axis is depicted in Fig. 2. Figure 3 [23] shows the
geometry of the cation and the perchlorate anion.
The bond lengths and angles, with their standard
deviations are given in Table 10, while the system

TABLE 9. Atomic parameters for [Rh(CgH;,)-
(C;N,H,()]CIO,

Atom x/a y/b z/c Uy

Rh 0.24515(3) 0.09428(3) 0.68342(6) 510(3)
Cl 0.85118(13)  0.12070(11) 0.3096(3) 748(12)
N1 0.1587(3) 0.1571(3)  0.6904(6) 531(29)
N2 0.1443(4) 0.0477(3)  0.5120(7) 683(36)
o1 0.8875(6) 0.1064(5)  0.4633(11) 1537(34)
02 0.9022(6) 0.1629(5)  0.3017(10) 1439(32)
03 0.7808(6) 0.1459(6)  0.2618(11) 1652(38)
04 0.8500(4) 0.0540(4)  0.2545(8)  1003(21)
C1 0.3394(5) 0.1640(4)  0.8038(9) 673(43)
Cc2 0.3435(5) 0.1124(5)  0.8936(9)  781(46)
C3 0.4009(6) 0.0519(6)  0.9444(11) 1021(58)
C4 0.3747(8) —0.0080(7) 0.8432(14) 1189(84)
cs 0.3126(5) 0.0089(5)  0.6936(10)  715(48)
C6 0.3172(4) 0.0594(4)  0.6124(9) 640(41)
C7 0.3853(6) 0.1058(6)  0.6594(12)  958(66)
C8 0.3871(6) 0.1676(5) 0.7376(12)  911(66)
c9 0.1781(5) 0.1789(5)  0.8364(9) 742(47)
C10 0.1175(6) 0.2266(5)  0.8350(10)  856(58)
C11 0.1039(6) 0.2882(5)  0.7427(12)  947(69)
C12 0.0830(6) 0.2671(S)  0.5972(11)  868(59)
C13  0.1450(5) 0.2197(4)  0.6041(9)  674(46)
C14 0.0884(5) 0.1108(4)  0.6247(10)  724(50)
C15 0.0729(5) 0.0806(4)  0.4865(10)  736(45)

U= R)Z(U;a*a*,a;a; cos(a;a;) X 10*,
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Fig. 3. View of [Rh(CsH;;)(C;N,;H()]ClO, showing the
numbering schemes.

of numbering of the atoms in the molecule is shown
in Fig. 3.

The calculation of the best plane [24] through
RhNIN25152 (S1 and S2 are the centres of the
C1=C2 and CS=C6 bonds, respectively) showed that
the coordination polyhedron is planar within the
experimental error. The Rh-81 and Rh-S2 distances
2.013(7) and 2.001(6) A, respectively, are similar to
other rhodium complexes [28-30]. The two coor-
dinated C=C double-bond lengths are 1.37(1) and
1.37(1) A. These values determined in this structure
are comparable to the range of distances and angles
observed for cyclooctadiene in other structures [30].
The carbon atoms participating in the bonding are
virtually in a plane. The least-squares plane through
the atoms C1C2C5C6 makes an angle of 90.9(3)°
with the plane of the coordination polyhedron
RhN1N2S1S2. The C=C double bonds are nearly
perpendicular to the coordination polyhedron, they
form angles of 6.4(5) and 5.7(4)° with the normal
of the RhN1N2S1S2 plane, respectively.

The N2 of the C;N,H 4 ligand is hydrogen-bonded
to the O4 of the perchlorate anion of the same
unsymmetric unit and to the Ol of the nearest
neighbour one. This fact could explain the longer
bond distances of these two oxygen atoms (O1, O4)
to the chlorine atom [30].
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TABLE 10. Bond distances (A) and angles (°) for
[Rh(CgH 2 )(CN,H4)]CIO, with e.s.d.s. in parentheses

Rh-N1 2.176(7) C4-C5 1.48(1)
Rh-N2 2.107(6) Cs5-C6 1.37(1)
Rh-C1 2.132(8) Cc6-C7 1.50(1)
Rh~-C2 2.126(7) C7-C8 1.47(2)
Rh-C5 2.12(1) C9-C10 1.54(2)
Rh-C6 2.11(1) C10-C11 1.50(2)
N1-C9 1.50(1) C11-C12 1.49(2)
N1-C13 1.48(1) C12-C13 1.53(2)
N1-C14 1.51(1) C14-C15 1.50(2)
N2-C15 1.47(1) Cl-0O1 1.47(1)
C1-C2 1.38(1) Cl-02 1.36(1)
C1-C8 1.50(2) Cl-03 1.33(1)
C2-C3 1.53(2) Cl-04 1.427(8)
C3-C4 1.50(2)

C5-Rh-C6 37.7(4) Rh-C2-C1 71.3(5)
C2-Rh-C6 91.4(4) C1-C2-C3 123.9(9)
C2-Rh~C5 82.5(4) Rh-C2-C3 111.0(6)
C1-Rh-C6 82.2(4) C2-C3-C4 115.2(9)
C1-Rh-C5 97.2(4) C3-C4-C5 114(1)
C1-Rh-C2 37.9(3) Rh-C5-C4 112.0(7)
N2-Rh-C6 93.7(3) C4-C5-C6 125(1)
N2-Rh-C5 90.0(3) Rh-C5-C6 71.0(6)
N2-Rh-C2 160.4(4) Rh-C6-C5 71.3(6)
N2-Rh-C1 161.7(3) C5-C6-C7 125.8(8)
N1-Rh-C6 158.3(3) Rh-C6-C7 112.2(7)
N1-Rh-C5 162.0(3) C6—C7-C8 115(1)
N1-Rh-C2 100.0(1) C1-C8-C7 116(1)
N1-Rh-C1 95.4(3) N1-C9-C10 114.3(7)
N1-Rh-N2 81.8(3) C9-C10-C11 110(1)
Rh-N1-Cl6 103.0(5) C10-C11-C12 111.0(9)
Rh-N1-Ci3 108.4(6) C11-C12-C13 111.2(9)
Rh-N1-C9 116.5(5) N1-Ci3-Cl2 113.1(8)
C13-N1-C14 112.5(6) N1-C14-C15 110.5(8)
C9-N1-C14 108.7(7) N2-C15-C14 109.2(8)
C9-N1-C13 108.0(6) 03-Cl-04 113.4(6)
Rh-N2-C15 111.8(6) 02-CI-04 111.1(6)
Rh-C1-C8 109.2(6) 02-CI-03 116.9(7)
Rh-C1-C2 70.8(6) 01-Cl-04 101.8(5)
C2-C1-C8 125.2(9) 01-C1-03 107.1(8)
H21-N2-H22 109(9) 01-C1-02 104.9(7)
Hydrogen bond geometry

X-H---Y X---Y X-H H---Y X-H---Y
N2-H21---O1 3.107(13) 0.867(87) 2.300(90)  154.5(6.5)

N2-H22---O4 3.010(13) 0.684(119) 2.326(118) 172.4(9.9)

The bubbling of carbon monoxide at room tem-
perature through dichloromethane solutions of
[Rh(COD)(LL")]CIO, complexes, brings about the
formation of carbonylated species. Two CO bands
characteristic of cis-dicarbonyl rhodium(I) complexes
[25] are detected in the 2100-2000 cm ™! region of
the spectra of the solutions. However attempts to
isolate the solid dicarbonyl complexes have been
unsuccessful because of the tendency of such com-
plexes to form oils.

Treatment of dichloromethane solutions of the
[Rh(COD)(LL")]CIO, complexes with carbon mon-
oxide and subsequent addition of the stoichiometric
amount of triphenylphosphine, leads to monocar-
bonylated complexes (eqn. (1)) that behave as 1:1
electrolytes in acetone solution and show the expected
IR frequencies due to PPh; and LL' ligands and
only one signal due to »(C=0) below 2000 cm™!
(see Table 8)

[Rh(COD)(LL)]CIO; + PPh, —>
[Rh(CO)(PPh,)(LL)]CIO,+COD (1)

3P NMR spectra of CDCl; solutions of the isolated
complexes show only one doublet due to PPh; bonded
to rhodium and the coupling constants and chemical
shift values are collected in Table 7.

Supplementary material

Thermal parameters, hydrogen parameters and
structural factors can be obtained from the authors
on request.
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