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Complexes of rhodium and iridium derived
from 2,5-bis(pyrazol-1'-yl)-1,4-dihydroxybenzene
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Abstract

The behaviour of the ligand 2,5-bis(pyrazol-1'-yl)-1,4-dihydroxybenzene (H,LL) towards Rh?, Ir!, Rh™ and Ir'™ complexes is
reported. This compound with two OH groups might act as a neutral ligand (H,LL), as a monoanionic ligand (HLL ") or as a
dianionic ligand (LL?~). Complexes of all the three kinds have been isolated. In the case of H,LL, the compounds are not
organometallic complexes but clathrates. The crystal and molecular structure of the host—guest complex [{(n>-CsMe)RhCl,-(u-
CD,]-H,LL (6a) is reported. Both the host and the guest have crystallographic C; symmetry. No metal-H,LL chemical bonds are
present, and van der Waals interactions between host and guest molecules govern the crystal packing. An heterobimetallic
derivative [IrRh(73-CsMe)CI,(LL)] (7¢) has been isolated.
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1. Introduction oH

The interest in polypyrazole ligands in coordination |

chemistry has been growing rapidly in recent years [1]. Cz
We report here the behaviour of 2,5-bis(pyrazol-1'-yl)- = oH
1,4-dihydroxybenzene (H,LL) towards the complexes (H,LL)

of rhodium(I) and iridium(I) [{Rh(u-CIXCOD)},] and
[(Ir(1-CIXCOD)},] (COD = 1,5-cyclooctadiene) and 2. Experimental details
the complexes of rhodium(I1I) and iridium(IID) [{(n>-

CsMes)RhCI},(1-CD,] and [{(‘flS-QsMes)IfCl}z(l#'Cl)z] IR spectra were obtained with a Perkin—Elmer 1330
(C;Me; = pentamethylcyclopentadienyl). The 'H and spectrometer. 'H and >C NMR spectra were recorded
*C NMR properties of the different species are dis- at 298 K on a Bruker AC-200 spectrometer at 200.13

cussed and also the crystal and molecular structure of a MHZz for 'H and at 50.32 MHz for 3C. Chemical shifts
(1:1) host-guest complex [{(n°-CsMes)RhCI},(u- are in ppm relative to tetramethylsilane, and coupling
CD,}-H,LL (6a). constants in hertz. The spectra were recorded with

digital resolutions of 0.3 and 0.6 Hz per point respec-

tively.
The 3C solid state spectra were obtained on the
Correspondence to: Professor R.M. Claramunt. same spectrometer working under conditions of cross-
0022-328X /94 /$7.00 © 1994 — Elsevier Sequoia. All rights reserved
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polarization (CP) and magic angle spinning (MAS),
using a 7 mm Bruker DAB 7 probe head with rotation
frequencies of about 3.5-4.5 kHz. The standard CP-
MAS pulse sequence was applied with a 7 ms 'H 90°
pulse width, 3—5 ms contact pulses and 5 s repetition
time, the spectral width being 20000 Hz. All chemical
shifts are given with respect to the spectrometer refer-
ence frequency which was calibrated with the glycine
signal at 176.1 ppm.

H,LL was prepared as described previously [2]
starting from pyrazole and p-benzoquinone.

2.1. Preparation of Rh'! and Ir' complexes

2.1.1. [Rh,CI,(COD),(H,LL)] (1a)

The addition of 41.9 mg (0.173 mmol) of H,LL to a
suspension of 84.6 mg (0.174 mmol) of [{Rh(u-
CIXCOD)},] [3] in 5 cm? of dichloromethane gave a
yellow solution. After stirring under dinitrogen for 1 h,
the solution was vacuum concentrated to about 1 cm?®.
The addition of 2 cm® of hexane completed the precip-
itation of a yellow solid, which was filtered off and air
dried.

2.1.2. [Rh,CL,(CO),(H,LL)] (2a)

The addition of 42.4 mg (0.175 mmol) of H,LL to a
suspension of 69.1 mg (0.178 mmol) of [{Rh(u-
CIXCO),},]1[4] in 5 cm? of acetone gave a greenish-yel-
low solution. After stirring under dinitrogen for 2 h,
the solution was vacuum concentrated to about 1 cm3.
The addition of 5 cm> of hexane completed the precip-
itation of a yellow solid, which was filtered off and air
dried.

2.1.3. [Rh(COD)(HLL)] (3a)

To a solution of 1175 mg (0.384 mmol) of
[Rh(acacXCOD)] [5] in 10 cm® of acetone, 93.0 mg
(0.384 mmol) of H,LL were added. The resulting yel-
low suspension was stirred for 6 h and then vacuum
concentrated to half-volume. The addition of 5 cm? of
hexane completed the precipitation of a yellow solid
which was filtered off and air dried.

2.1.4. [Ir,(COD),(LL)] (4b)

To a solution of 85.0 mg (0.215 mmol) of
[Ir{acacXCOD)] [6] in 5 cm? of acetone, 26.8 mg (0.111
mmol) of H,LL were added. After stirring for 5 min a
yellow solid began to precipitate. The resulting suspen-
‘sion was stirred for 2 h under dinitrogen and the solid
was then filtered off, washed with acetone and air
dried.

2.1.5. [Rh,(CO) (LL)] (5a)
To a 'solution of 646 mg (0.250 mmol) of
[Rh(acacXCO),] [7] in 5 cm® of dichloromethane, 31.1

mg (0.128 mmol) of H,LL were added. Instantaneously
a yellow solid precipitated. The suspension was stirred
for 1 h under dinitrogen and the precipitation was
completed by slow addition of hexane. The solid was
filtered off, washed with hexane and air dried.

Alternatively, 5a can be prepared by bubbling car-
bon monoxide (atmospheric pressure; room tempera-
ture) for 1 h through a suspension of the diolefin
complex 3a in dichloromethane.

2.2, Preparation of Rh'"" and Ir™™ complexes

2.2.1. [Rh,(n’-CsMe,),Cl (H,LL)] (6a)

To a red solution of 109.6 mg (0.177 mmol) of
[{(n3-CsMes)RhCI},(u-C1),] [8] in 10 cm® of chloro-
form or acetone, 46.0 mg (0.190 mmol) of H,LL were
added. The colour of the solution remained un-
changed. After stirring for 4 h, the solution was vac-
uum concentrated until 1 cm® and slow addition of
hexane completed the precipitation of an orange solid,
which was filtered off and air dried.

2.2.2. [Ir,(n’-CsMes),Cl (H,LL)] (6b)

To a solution of 111.0 mg (0.139 mmol) of [{(n>-
CsMeIrCl},(u-CD,] [8] in 20 cm? of chloroform, 36.3
mg (0.150 mmol) of H,LL were added. The resulting
red solution was stirred under reflux for 3 h. After
vacuum concentration to half-volume, slow addition of
hexane completed precipitation of an orange solid,
which was filtered off, washed with hexane and air
dried.

2.2.3. [Rh,(n’-CsMes),Cl,(LL)] (7a)

To a solution of 129.0 mg (0.150 mmol) of complex
6a in 10 cm? of dichloromethane, 3 cm? of a methano-
lic solution of KOH (0.132 N) were added. The result-
ing dark-red solution was stirred for 4 h. After removal
of KCl and extraction with 5 cm® twice of
dichloromethane, the red solution was vacuum concen-
trated to half-volume and slow addition of hexane
completed the precipitation of a red solid, which was
filtered off, washed with hexane and air dried.

2.2.4. [Ir,(n>-C;Mes),Cl,(LL)] (7b)

The addition of 38.6 mg (0.159 mmol) of H,LL to a
solution of 1504 mg (0.326 mmol) of [Ir(n°-
CsMe,)Cl(acac)] [9] in 10 cm® of acetone gave a yellow
precipitate after stirring for 5 h under dinitrogen. The
solid was filtered off, washed with hexane and air
dried.

2.2.5. [IrRh(n>-CsMes),Cl,(LL)] (7c)
To a suspension of the complex [Ir(n°-
CsMe,)CI(HLL)] (8b) (43.5 mg, 0.072 mmol) in 10 cm’
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of acetone, a solution of [Rh(7>-CsMes)Cl(acac)] [9]
(28.0 mg, 0.075 mmol) in the same amount of solvent
was added. The slow precipitation of an orange solid
was observed. This was filtered off, washed with hex-
ane and air dried.

2.2.6. [Rh(n’-CsMe;)CI(HLL)] (8a)

To a solution of 178.5 mg (0.480 mmol) of [Rh(%>-
CsMe,)Cl(acac)] in 10 cm?® of dichloromethane, 116.3
mg (0.479 mmol) of H,LL were added. The slow
precipitation of an orange solid was observed. After
stirring for 48 h, the solid was filtered off, washed with
hexane and air dried.

2.2.7. [Ir(n’-CsMes)CI(HLL)] (8b)

To a solution of 71.0 mg (0.154 mmol) of [Ir(xn>-
CsMe;)Cl(acac)] in 5 cm® of acetone, 37.3 mg (0.154
mmol) of H,LL were added. The resulting yellow
suspension was stirred for 5 h, and then the solid was
filtered off, washed with hexane and air dried.

The microanalytical data, yields and selected IR
frequencies are gathered in Table 1.

2.3. X-Ray analysis

Table 2 summarizes the crystal data and selected
parameters of the X-ray analysis. The structure was
solved by the Patterson and Fourier methods. Both
2,5-bis(pyrazol-1'-yl)-1,4-dihydroxybenzene and [{(%°-
CsMe)RhCl},(u-Cl),] were located in two crystallo-
graphic symmetry centres at (0, 0, 0) and (3, 1, 1) re-
spectively. The hydrogen atom positions were obtained
from difference synthesis. All non-hydrogen atoms were
refined anisotropically while the hydrogen atoms of
H,LL were refined isotropically and those of CsMe;
were kept fixed during refinement. The highest ther-

TABLE 1. Microanalytical data, yields and selected IR frequencies
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mal displacement parameters are those displayed by
the methyl groups in a similar way to those shown by
the complex [{(1°-CsMe)RhX},(u-X),] (X = Cl or Br)
[10, 11]. The final atomic coordinates are given in
Table 3. The atomic scattering factors were taken from
ref. 12. All calculations, including the numerical ab-
sorption correction, were carried out on a Vax 6410
computer using the xravso system [13], and the parsT
{14] and pesos [15] programs.

3. Results and discussion

3.1. Syntheses

2,5-Bis(pyrazol-1"-yl)-1,4-dihydroxybenzene (H,LL)
was formed by the nucleophilic addition of pyrazole to
1,4-benzoquinone in dioxane together with 2-(pyrazol-
1'-y1)-1,4-dihydroxybenzene and 2,3-bis(pyrazol-1'-yl)-
1,4-dihydroxybenzene in the relative proportions indi-
cated in Scheme 1. The separation of these derivatives
yielded pure H,LL [2].

The reaction of [{Rh(u-CIXCOD)},] or [{Rh(w-
CIXCO),},] with H,LL in a 1:2 or 1:1 molar ratio
gave yellow air-stable solid complexes [Rh,Cl,(COD),-
(H,LL)] (1a) and [Rh,Cl,(CO),(H,LL)] (2a) (Scheme
2). When the same reaction was attempted with [{Ir(u-
CIXCOD)},], no definite product could be identified.
Using [Rh(acacXCOD)] (acac = acetyl acetonate) and
H,LL in 1:1, 1:2 or 2:1 molar ratios, only
[Rh(CODXHLL)] (3a) was isolated. However, 1 mol of
H,LL reacted with 2 mol of [Ir(acacXCOD)] to yield
[Ir,(COD),(LL)] (4b). The compound [Rh,(CO),(LL)]
(5a) was also prepared from H,LL and
[Rh(acacXCO),] in dichloromethane at room tempera-
ture. Reaction of 3a with carbon monoxide at room
temperature and atmospheric pressure afforded Sa.

Compound Molecular formulae

Analyses, found (%) (calc. (%))

Yield IR (NujoD

(molecular weight) C H N %) (em™Y)
1a C,3sH34N,O,C1,Rh, (7353)  46.0(45.74) 4.8 (4.66) 78(7.62) 78 3100-2500 (»(OH)), 250 (»(RhCI))
2a C16H19N4O4Cl,Rh, (631.0) 31.1(30.45) 1.5(1.6) 92(888) 7 3280 (»(OH)), 2080, 2010 (:{(CO)), 310 (#(RhCD)
3a CpoHyN,O,Rh (452.3) 536(53.11) 49(4.68) 129(1239) 66  3000-2500 (w(OH))
b CsH1,N,O,1r, (841.0) 40.6(400) 40384  67(6.66) T2  —
Sa C,cHN,OgRh,, (558.1) 35.4(3443) 1.6(144)  107(1004) 50 2060, 1990 (:(CO))
6a CiHgN,O,Cl,Rh, (860.3)  44.5(44.67) 49(469)  66(651) 79  3200-3000 (»(OH)), 280, 245w (»(RhCD)
6b C3,H4N,0,Cl,Ir, (1038.9) 37.0(37.00) (3.85)(3.88) 53(539) 84 3200--3000 (»(OH)), 290, 245w (v(IrC1)
7a Ci,HgN,0,C1,Rh, (787.4) ® 48.0(48.81) 4.9(486)  7.0(7.12) 87  1700-1670, 265w (»(RhCD)
b CyHagN,O,ClLIr, (966.0)  409(39.79) 4.1(397)  63(580) 69  1700-1670, 270w (»(IrCD)
7e C3HagN,O,CL,RhIr (876.71) 42.6 (43.84) 4.5(437)  64(639) 47  1700-1670, 265w (»(MCD)
8a C;HN,O,CIRh (5148)  500(5132) 4.9(470) 10.7(10.88) 76 3500 (»(OH))
8b C,,H 4N, 0,ClIr (604.1) 429(4374) 404000  92(928) 69 3500 (W(OH)), 285w ((IrCD)

2 Mass spectra, M™*, 786 (100%), 788 (64%), 790 (10%); w, weak.
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When 2,5-bis(pyrazol-1"-yl)-1,4-dihydroxybenzene
reacted with di-u-chloro-dichlorobis(pentamethyl-
cyclopentadienyl)dirhodium(III) and di-p-chloro-di-
chlorobis(pentamethylcyclopentadienyldiiridium(III),
complexes of the general formulae [M(7°-CsMe;),-
Cl,(H,LL)] (6a) and (6b) were obtained (Scheme 3).
Treatment of 6a with 2 mol of potassium hydroxide

TABLE 2. Crystal data and refinement parameters at room temperature

afforded [Rh,(n°-CsMe,),Cl,(LL)] (7a). With [M(n°-
CsMe;)Cl(acac)l, H,LL vyielded complexes [M(n’-
CsMe3)CI(HLL)] (8a, 8b) or [Ir,(n°-CMe),Cl,(LL)]
(7b), depending on the reaction conditions.

The reaction of 8b with [Rh(7’-CsMes)Cl(acac)]
yielded heterometallic derivatives such as [RhIr(7n°-
CsMe;),ClL,(LL)] (7¢).

Crystal data

Chemical formula

M, 860.3
Crystal system

space group Triclinic P1
a(A) 12.3313(10)
b (A) 8.7128(6)

c (A) 8.7797(6)
a(®) 104.800(6)
B () 104.873(5)
v 89.778(T)
VA 1

V(A) 879.5(1)
D.(Mgm™?) 1.624
Radiation CuKa
Wavelength (A) 1.5418
Absorption coefficient (mm~1) 109.18
Number of reflections for

lattice parameters: 81

0 range for lattice parameters (°) 2-45
Temperature (K) 295

Crystal description Prism
Crystal colour Dark red
Crystal size (mm X mm X mm) 0.13 X 0.18 x 0.45

Data collection

Diffractometer type

Collection method w-20 scans
Scan width 1.6°
Absorption correction type analytical
Absorption correction T, ; Tinax 0.088; 0.363

0nax © 65
Number of standard reflections (interval)

Variation in standards No variation

Number of independent reflections 2997
Number of observed reflections 2952
Criterion for observed I1>30(I)
Refinement

Treatment of hydrogen atoms Isotropic
Refinement

Number of parameters refined 219
Number of reflections used in refinement 2952

R 0.049
wR 0.057
Weighting scheme:

Maximum thermal factor (A2)
(4p) ..y (electrons A~3)

2 (90 minimum)

CaoH3Cl4Rh; - C1,H(yN,O,

Four-circle Philips PW1100, bisecting geometry, graphite monochromator

Least squares on F,; full matrix

Empirical as to give no trends in (wA?F) vs. (| F,|) and {(sin 8)/A)
U,[C(18)]) = 0.28(2)
1.5 near Rh atom

8 See Section 2.
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TABLE 3. Final atomic coordinates

Atom x y z Atom x y z
Rh(1) 0.13922(3) 0.06529%(4) 0.13693(4) 0(9) 0.5255(5) 0.3994(7) 0.6887(5)
CK2) 0.0528(1) —0.0288(2) ~0.1586(1) c(10) 0.2007(5) 0.2878(7) 0.1147(8)
Cl(3) 0.1711(1) —0.2030(1) 0.1495(2) c11) 0.2904(5) 0.1832(8) 0.1426(12)
N(1) 0.358%(4) 0.6206(5) 0.7567(5) c(12) 0.2990(6) 0.1574(9) 0.2970(14)
N(2) 0.3819%(4) 0.6022(7) 0.6088(6) cQ3) 0.2130(8) 0.2340(9) 0.3603(8)
a3) 0.3039%(6) 0.6746(9) 0.5274(8) c(14) 0.1524(5) 0.3174(6) 0.2452(7)
3 0.2321(6) 0.7427(9) 0.6192(8) Cc(15) 0.1641(11) 0.3501(10) —0.0327(12)
a5) 0.2680(5) 0.7062(8) 0.7649%(7) (16) 0.3631(10) 0.1237(14) 0.0336(22)
6) 0.4304(4) 0.558%(6) 0.8780(6) a1 0.3835(11) 0.0662(14) 0.3850(25)
(6¢)) 0.5792(5) 0.3955(7) 0.9618(6) a(18) 0.1874(17) 0.2386(15) 0.5193(10)
«8) 0.5109%(5) 0.4514(7) 0.8407(6) c(19) 0.0546(7) 0.4193(9) 0.2581(13)
o] OH N OH N OH N OH N
¢ . DN Dioxens ¢ ,N:> . : N? . : »:) 'I‘\} cn\"\
N’ -
o l!I OH OH 33 Cz OH N i 33
AT T )
Scheme 1. ~o C N
= N\ (e}
S cl
3.2. NMR analysis 8 3 M = Ry
M=Ir

All foregoing complexes are insoluble in the usual
NMR solvents such as deuteriochloroform or hexadeu-
teriodimethylsulphoxide (cf. 5a, 7b and 7¢) which made
the determination of the NMR spectra very difficult.

However, we obtained some chemical shifts and
coupling constants in solution and in the solid state,
and these data are gathered in Tables 4 and 5. (Note
that the numbering used in the NMR discussion is

[Rh{acac)(COD)]

¢:M=RhT or o

different from systematic IUPAC numbering.) To as-
sign the NMR resonances, the criteria established in
refs. 2 and 16 were used.

[{Rh(u-CICOD)} jor — 1aor2a

(11, 1:20r2:1)

{RN(1-CI)(CO) ] (1)

3a - -
> HoLL [
4b < ir(acac)(COD)] [Rh(@cac)(CO)l _  sa

(2:1)

The molar ratios M/ H,LL are indicated in brackets

@1

[{(n >CsMes)RhCl}z (-Cll] g

Scheme 2.
8a [Rh(n 3-CsMes)Cl(acac)]
(1:10r2:1) o
7b or 8b

HoLL acetone or chloroform, .t~ (1:1 or 2:1)
[irtn *-CsMes)Cl(acac)] [{(n °-CsMes)ICllp (1-Clla) _ o

@1 (1)

The molar ratios M/ HpLL are indicated in brackets

Scheme 3.

chloroform, reflux

(1:1)
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It is convenient to discuss the NMR data of the
compounds in three groups: (i) derivatives of H,LL
(1a, 2a, 6a and 6b); (ii) derivatives of HLL~ (3a, 8a and
8b) and (iii) derivatives of LL2~ (4b, 5a, 7a, 7b and 7¢).
a corresponds to Rh derivatives, b to Ir derivatives, and
¢ to mixed Rh-Ir derivatives.

Compounds of series a behave in solution (Tables 4
and 5) as equimolar mixtures of H,LL and the corre-
sponding cyclooctadiene or cyclopentadienyl metal
complexes (for instance 1a [Rh(u-CIXCOD),], 6a [{n°-
C;Mey)RhCI}L ). In the solid state (Table 5), the reso-
nances of 6a are shifted to higher frequency compared
with those of H,LL (pyrazole carbon atoms, +3.9
ppm; hydroquinone carbon atoms, +1.9 ppm) which
may be related to the conformation of H,LL in
clathrate 6a, less planar than in the free H,LL (see
crystallographic discussion).

Compounds of series ¢ are also symmetrical (the
only exception, 7¢, was too insoluble in CDCl, to be
studied). The effects of coordination on the 'H NMR
spectra are weak and dependent on the metal. The OH
resonances disappear and >J(H(3)-H(4)) and “J(H(3)-
H(5)) increase from 1.8 to 2.2 Hz and from less than
0.5 to 0.7 Hz. In the 3C NMR spectra in solution

(Table 5), the effects on the pyrazole carbon atoms are
also very weak (only C(5) changes from 126.8 ppm in
1a to 128.9 ppm in 4b). The hydroquinone carbon
resonances are much more shifted on complexation by
4-5 ppm to higher frequencies.

The most interesting series is the HLL ™ derivatives
(series (ii)), which behave as an interacting mixture of
the other two series (for instance, in the 'H NMR
spectra, H(1)-H(2) appear at 7.14 ppm in H,LL
derivatives and at 6.99 ppm in HLL ~ derivatives). The
OH signals, which consistently appear at 11.15 ppm in
series (i) are shifted to 10.7 ppm (3a) or to 10.9 ppm
(8a, 8b). Since this chemical shift is a measure of the
hydrogen bond strength, it appears that the complexa-
tion involving one OH group of H,LL weakens the
hydrogen bonding of the other half. Compound 3a
behaves in the 3C NMR spectrum (Table 5) as inter-
mediate between 1a and 4b; the pyrazole carbon atoms
have almost identical chemical shifts (Iess than 0.5 ppm
change) whereas the hydroquinone carbon atoms C(1)
and C(2) of 3a appear closer (in 3a, 110.4 ppm; 111.0
ppm; in 1a, 107.6 ppm; in 4b, 113.1 ppm).

In summary, the NMR results are consistent with
the proposed structures.

TABLE 4. 'H NMR chemical shifts 8 and coupling constants J in CDCl, at room temperature

Compound 'H NMR, & (ppm)
HQB)-HQG)’ H@4)-H@4)' H(5)-HEG) H(1) orH2) OH Others
H,LL?® 7.74 (37 = 1.8 Hz) 6.53 7.98 GJ =2.6 Hz) 7.14 11.14 -
1a 7.74 (37 = 1.8 Ho) 6.53 7.98 CJ = 2.5 Hz) 7.14 11.15  1.75; 2.50; 4.23
3a 7.74 (3] = 1.8 Hz) 6.53 7.98 (3] = 2.6 Hz) 6.97 10.74
7.70 GJ = 2.1 Hz) 6.47 791 (3J=2.5Hz) 6.88 - 4.35; 3.53; 2.50; 1.88
4b ® 752(J=23Hz) 6.55 8.09 ?J=2.7Hz) 6.91 - 4.12; 3.53; 2.31; 1.70
6a° 7.74 (7 =18 Hz) 6.53 7.98 (’J=2.6H2) 7.14 11.14 162
7a 7857 =22Hz,*J=07Hz) 6.62 794(3J=25Hz,*7=07Hz) 7.13 - 1.50
8a 7.74 3] = 1.9 H2) 6.53 7.94 (3] = 2.6 Hz) 7.00 10.87
784(1=23Hz,"J=07Hz) 661 802(J=28Hz,*J=07Hz) 713 - 1.52
8b 7.74 (3] = 1.9 Ha) 6.52 7.99 (3] = 2.7 Hz) 7.00 10.91
776 CJ=22Hz,*/=08Hz) 659 759(J=29Hz,*/=08Hz) 7.18 - 1.49

2 The spectrum of compound 2a shows only signals belonging to H,LL.

b Compound 5a is insoluble in CDCl,.
¢ The spectrum of compound 6b is identical with that of 6a.

3
OH r;]/
; Nt
5
5
.CN 2
4 1
== OH
5

N
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Fig. 1. An orTEP [17] view of the molecular structure. Ellipsoids are
drawn at a 30% probability level.

3.3. Crystal structure of [{(n>-C;MesRhCI}, (u-Cl), ]~
H,LL (6a)

The atom labelling and two views of the crystal
packing are shown in Figs. 1 and 2, and Table 6 lists
selected bond lengths and angles.

If C(10-14) (the centroid of the CsMes ring) is
considered to occupy the central position of three fac
octahedral sites, then the angles around the Rh atom
are consistent with a slightly distorted octahedral coor-

dination, the so-called “three-legged piano stool”. The
angles C(10-14)-Rh-Cl and CI-Rh-Cl are in the
ranges 124.7(1)-128.3(1)° and 84.2(1)-90.1(1)° (ideal
values are 125.3° and 90.0°). The intermetallic
Rh -+ Rh distance of 3.6412(5) A excludes any
metal-metal interaction. Each Rh atom is »° bonded
to a pentamethylpentadienyl, the longer C-C bonds in
the ring corresponding to the shorter Rh—C coordina-
tion distance (Table 3). No significant differences have
been found between the CI-Rh distances and those
previously reported for [{(n3-CsMes)RhCl}(u-Cl),]
[10]. As far as the H,LL molecule is concerned, the
OH group is involved in an intramolecular hydrogen
bond with the pyrazole ring; the phenyl ring is approxi-
mately — 13.2(8)° out of the plane of the pyrazole ring.
In free H,LL this angle was —6.8(3)° [2]. So H,LL
shows a lesser degree of delocalization in the host-
guest complex compared with the free H,LL [2]. These
differences in delocalization are apparent in the short-
ening of the N(2)-C(3) and C(8)-0O(9) distances result-
ing from the greater twist about the N(1)-C(6) bond
(1.306(9) A, 1.354(7) A and —13.2(8) ws. 1.332(4) A,
1.383(3) A and —6.8(3)° respectively). The molecules
in the crystal are only stabilized by van der Waals

TABLE 5. 13C nuclear magnetic resonance chemical shifts 8 and coupling constants J

Compound 13C NMR & (ppm)
C(3)-C3)Y C@)-C4)y C(5)-C(5Y C(1) or CQ2) Cc-0 C-Pz  Others Conditions
H,LL 139.1 107.0 126.8 107.6 142.1 1233 - CDCl,
(1J = 188.5 Hz, (1 =179.5 Hz, (17 =189.1 Hz, (17 =158.8 Hz,
3J = 8.2 Hz, 2] =9.8 Hz, 2] =9.3 Hz, 3y=73Hz)
2] =6.0 Hz) 2J=8.0 Hz) 3/=46Hz)
H,LL 139.1 106.3 127.2 108.4 140.7 121.6 - Solid CP-MAS
la® 139.1 107.0 126.8 107.6 142.1 123.3 30.9; CDCl,
78.7 ®
3a 138.9 106.6 127.0 110.4 142.1 1233 84.1; CDCl,
745
139.7 107.5 129.0 111.0 151.1 127.0 30.9;
299
4b 140.2 107.7 128.9 113.1 146.9 126.8 68.7; CDCl,
56.2
32.1;
30.5
Sa 140.0 108.3 130.7 114.0 147.9 126.8 192.0 Solid CP-MAS
144.5
6a 143.2 - 109.9 131.2 109.9 143.2 1234 10.0; Solid CP-MAS
95.1
7a 143.4 110.1 130.2 115.1 151.3 129.8 10.5; Solid CP-MAS
95.1

2 Compound 2a is insoluble in CDCl;.
b 1J(1%Rh) = 14.0 Hz.
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TABLE 6. Selected geometrical parameters (;\, )

Rh(1)-CI(2) 2.458(1)
Rh(1)-CI(2) 2.451(1)
Rh(1)-C(10) 2.157(7)
Rh(1)-C(11) 2.115(8)
Rh(1)-C(12) 2.125(7)
Rh(1)-((13) 2.111(6)
Rh(1)-C(14) 2.147(5)
N(1)-N(2) 1.370(7)
N(2)-C(3) 1.306(9)
a(3)-C4) 1.380(11)
C-C(5) 1.360(10)
C(5)-N(D 1.350(8)
CI(2)-Rh(1)-CK(3) 90.1(1)
CI(2)-Rh(1)-((10-14) 124.7(1)
Cl(2)-Rh(1)~-CI(2)’ 84.2(1)
CI(3)-Rh(1)-C(10-14) 128.3(1)
CI(3)-Rh(D)-CI(2)’ 89.8(1)
C(10-14)-Rh(1)-CI(2Y 126.6(1)
N(2)-N(1)-C(6) 119.8(4)
C(5)-N(1)-C(6) 129.3(5)
N(2)-N(1)-C(6)-C(8) —13.2(8)
Intramolecular contact

O(9)-H(9) - - - N(2) 0.97(9)

Rh(1)-CI(3) 2.395(1)
Rh(1)-C(10-14) 1.756(3)
c(10)-cab 1.443(9)
Cn-C(12) 1.408(16)
a12)-0(13) 1.409(13)
(13)-C(14) 1.446(10)
C(10)-Cc14) 1.390(10)
N(1)-C(6) 1.417(7)
Cl6)-C(7y 1.397%(8)
A6)-C(8) 1.405(8)
a®-A7) 1.371(8)
C(8)-0(9) 1.354(7)
N(2)-N(1)-C(5) 110.8(5)
N(D-N2)-C(3) 105.1(5)
N(2)-C(3)-C(4) 111.6(6)
C(3)-C4)-C(5) 106.1(6)
C(4)-C(5)-N(1) 106.4(6)
C(6)-C(8)-0(9) 123.(5)
N(1)-C(6)-C(7y 119.7(5)
N(D-C(6)-C(8) 121.44)
C(6)-C(8)-O(9)-H(9) 12(6)
2.593(8) 1.81(9) 135(8)

(a)

Fig. 2. Crystal packing (a) along the b axis and (b) along the ¢ axis.
The hydrogen atoms have been omitted for clarity.

forces, a phenomenon which has been described as a
lattice clathrate [18]. Thus 6a is a new example of a
molecular solid [18], a family of not very common but
interesting structures. A search in the CSD [19] reveals
compound bis{dichloro-[(n°-pentamethylcyclopenta-
dienylXneopentylamino( p-tolyl)methylenerhodium-
(IIDPbis( u2-chloro)chloro( n°-pentamethylcyclopenta-
dienyDrhodium [20] as the only other co-crystallization
derivative containing [{(n3-CsMes)RhCl},-(u-Cl), .

The only noticeable difference in IR spectra (Nujol)
between 6a and an equimolar physical mixture of its
two components is found in the Rh—Cl region (280-310
cm™!).

4. Conclusion

H,LL is not a good ligand, most probably because
of strong intramolecular hydrogen bonding between
the phenolic groups and the lone electron pairs of the
ring nitrogen atoms [2a]. However, its monoanion
HLL™ and its dianion LL?>~ show versatile coordina-
tion properties towards rhodium and iridium in oxida-
tion states I and III. The absence of lone pairs in
H,LL makes this compound, like tetraarylporphyns
[18], suitable for the preparation of solid solutions.



P. Cornago et al. / H,LL—Rh and H,LL~Ir complexes 301

5. Supplementary material available

Tables giving additional crystallographic anisotropic
thermal parameters, hydrogen parameters and struc-
ture factors for the lattice clathrate 6a (9 pages) can be
obtained from the authors or, other than structure
factors, from the Cambridge Crystallographic Data
Centre.
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