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Diversity in Complexation of [Rh'(cod)]* and [Ir'(cod)]™
by Pyridine-Amine-Pyrrole Ligands
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Complexation of [Rh!(cod)]* and [Ir'(cod)]* by the new
pyridine-amine-pyrrole ligands Py-CH,-N(R)-CH,-Pyr-H
(HLg; R = H, Bzl, Bu) and the corresponding pyridine-amine-
pyrrolate ligands [Py-CH,-N(R)-CH,-Pyr|~ (Lg; R = H, Bzl,
Bu, CH,Py) has been investigated. The neutral ligands HLy
(R = H, Bu, Bzl) give [(HLg)M!(cod)]* (M = Rh, Ir) in which
HLg acts as a didentate ligand via the pyridine nitrogen (Np,)
and the amine nitrogen (N®,i..). The crystal structures of
[(HLy)MY(cod)|PFg (M = Rh: [1]PFg and M = Ir: [2]PFg) have
been determined. Deprotonation of [(HLgz)M'(cod)]* (M = Rh,
Ir;, R = H, Bzl, Bu) results in the neutral complexes
[(Lr)MY(cod)] (M = Rh, Ir) of the mono-anionic ligands Ly~
(R = H, Bzl, Bu). In square-planar [(Ly)M!(cod)] (M = Rh: 3,
M = Ir: 4), Ly is didentate via NY__; . and the pyrrolate

nitrogen (Np,,). The X-ray structures of 3 and 4 reveal that
in both cases the uncoordinated Np, accepts a hydrogen
bond from NY__ . .. The X-ray structures of [(Lg,)M'(cod)]
(M =Rh: §, M =Ir: 6), show that Lg,;~ is didentate via Nynine
and Npy, for M = Rh and tridentate for M = Ir. In solution Lg,;~
is tridentate for both M = Rh and M = Ir. The neutral
complexes [{Py—-CH,-N(R)-CH,-Pyr}M!(cod)] (M = Rh, Ir)
cannot be oxidised selectively with H,O,. This is in marked
contrast to the previously observed selective oxidation of the
corresponding cationic complexes [{Py—-CH,—N(R)-CH,-
Py}Rh!(cod)]*. Rhodium complex 5 is an active catalyst for the
stereoregular polymerisation of phenylacetylene, whereas
iridium complex 6 is inactive.

Introduction

Multidentate N-donor ligands (“N,” ligands) have thus-
far found limited application in the organometallic chemis-
try of rhodium(I) and iridium(I). Interesting reactivity has,
however, been reported for triazacyclononane,!11?! trispyra-
zolylborate,?l and pyridine-2,6-diiminel®! complexes. We re-
cently described the fast and selective mono-oxygenation of
[Rhi(cod)]* to [Rh™(oxabicyclononadiyl)]" with aqueous
hydrogen peroxide.[ In this reaction [Rh'(cod)]* is stabi-
lised by the neutral tridentate pyridine-amine-pyridine li-
gands Py—CH,—N(R)-CH,—Py (R = H, Bu, Bzl). As
part of our investigation into the tolerance of the observed
oxygenation to changes in the nitrogen donor ligands, we
have prepared and characterised a series of neutral com-
plexes [{Py—CH,—N(R)—CH,—Pyr}M!(cod)] (M = Rh,
Ir). In these, [M'(cod)]" is stabilised by the potentially tri-
dentate pyridine-amine-pyrrolate ligands [Py—CH,—
N(R)—CH,—Pyr]” ([Lg]"; R = H, Bzl, Bu). The com-
plexes were obtained by deprotonation of the cationic com-
plexes [{Py—CH,—N(R)—CH,—Pyr—H}M'(cod)]* which
result from reaction of [{(cod)M!(u-Cl)},] (M = Rh, Ir)
with the neutral didentate ligands Py—CH,—N(R)—CH,—
Pyr—H (HLy:;R = H, Bu, Bzl).
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Results and Discussion
Synthesis of the Ligands HLg

The neutral ligands HLi (R = H, Bzl, Bu; see Figure 1)
were prepared via the synthesis routes shown in Scheme 1.
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Figure 1. Pyridine-amine-pyrrole ligands HLy, HLg,, and HLg,

N-(2-pyridylmethyl)- N-(1 H-2-pyrrolylmethyl)amine (HLyy)
was prepared in two steps: condensation of 2-pyridylmeth-
ylamine and pyrrole-2-carboxaldehyde to the corresponding
imine and subsequent reduction of the imine with NaBH,.
N-benzyl-N-(2-pyridylmethyl)- N-(1 H-2-pyrrolylmethyl)-
amine (HLg,) and N-butyl-N-(2-pyridylmethyl)-N-(1H-2-
pyrrolylmethyl)amine (HLp,) were prepared in three steps:
N-benzyl-N-(1 H-2-pyrrolylmethylidene)amine and N-butyl-
N-(2-pyrrolylmethylidene)amine were obtained by conden-
sation of pyrrole-2-carboxaldehyde with benzylamine and
n-butylamine, respectively. The imines were reduced to the
corresponding amines with NaBH,. Alkylation of the am-
ines with 2-picolyl chloride in a suspension of Na,COs in
CH;CN gave HLg, and HLg,, respectively.
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Scheme 1. Synthesis of the ligands HLy, HLg,, and HLg,

Structure of HLy

Colourless crystals of compound HLy; were obtained by
crystallisation from a hot saturated toluene solution. The
structure of HLy was determined by single-crystal X-ray
diffraction (Figure 2).

In the crystal, the enantiomers (R) and (S) of HLy occur
as hydrogen-bridged dimers (R,R) and (S,S) in which the
pyrrole N—H (Np,,—H) acts as a hydrogen bond donor,
and the amine nitrogen (N,mine) as a hydrogen bond ac-
ceptor [Npy,—Namine distance: 3.02(1) ./o\, H—N_mine dis-
tance: 2.09(6) A, Npyr—H—Nymine angle: 169(4)°]. Selected
bond lengths and angles are given in Tables 1 and 2. Crys-
tallographic data are given in Table 4.

Figure 2. X-ray structure of ligand HLy [the crystal contains the
dimers (R, R) and (S,S) of the enantiomers (R) and (S); only (R, R)
is shown]

Complexation of [Rh'(cod)]* and [Ir'(cod)]* by HLy

Reaction of HLy with [{(cod)Rh(u-Cl)},] in methanol,
followed by addition of an excess of NH4PF, resulted in
precipitation of [(HLy)Rh'(cod)]PFs [1]PFs. Crystals of
[1]PF¢ were obtained by cooling of a hot saturated solution
of [1]PFg in methanol. The analogous reaction of HLy with
[{(cod)Ir(pn-Cl)},] in MeOH/CH,Cl,, followed by addition
of excess KPFg, led to precipitation of [2]JPF4. Crystals of
[2]PF§, were obtained by cooling of a saturated solution of
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[2]PFs in MeOH/H,O to 5 °C. The structures of [1]PFs and
[2]PF¢ were determined by X-ray diffraction. The X-ray
structure of 1* is shown in Figure 3. 2* was found to be
isostructural. Selected bond lengths and angles for 1* and
2% are given in Tables 1 and 2.

Complexes 1" and 2" have the expected square-planar
geometry. The ligand HLy is didentate via the pyridine
(Npy) and amine (Nypine) nitrogens. No interaction is ob-
served between the metal centre and the pyrrole N—H bond
(Npy,—H). In both structures, the Np,—H and N", ;..
protons are hydrogen bonded to two different PF¢~ coun-
terions (17: N,mine—F6 distance: 3.165(6) A, H30—-F6 dis-
tance: 2.33(7) /D\, Namine—H30—F6 angle: 173(6)°, Npy,—F3
distance: 3.118(6) A, H20-F3 distance: 2.57(6) A,
Np,,—H20—F3 angle: 141(6)°; 2" Numine ™
F6 distance: 3.098(7) A, H30—F6 distance: 2.33(7) A,
Numine—H30—F6 angle:  159(6)°, Np,,—F3 distance:
3.133(7) A, H20—F3 distance: 2.54(7) A, Npy,,—H20—F3
angle: 152(8)°). In [1]" the Rh—Np, distance [Rh1—NI:
2.101(4) A] and the Rh—N,.. distance [Rh1—N3:
2.144(4) /GX] fall within the ranges of Rh—Nj; (2.007-2.140
A)Bland Rh—Ngp; (2.111-2.178 A5 distances observed
for other square planar “N,”Rh'(cod) complexes. The ob-
served Rh—C and cod double bond lengths are also normal
for “N,”Rh!(cod) complexes (Table 1).

The NMR data for [1]PF¢ and [2]PFg in [Dglacetone are
very similar, and are in accordance with their X-ray struc-
ture. The largest shift difference between 1* and 2% is ob-
served for the olefinic cod fragment (—CH=CH—).q (see
Table 3). In the 'H-NMR spectrum of [1]PF, the pyrrole
signals appear at almost the same position as for the free
HL;;, whereas the NH, ... proton has shifted 2.75 ppm
downfield (HLy: 6 = 2.24, [1]PFq. 6 = 4.99). The pyridine-
H¢ signal has shifted 0.53 ppm upfield (HLy: & = 8.49,
[1]PF4: 8 = 7.96) as a result of anisotropic shielding by n*-
cod. The N—CH,—Pyr— and N—CH,—Py signals appear
as singlets at room temp. due to rapid dissociation, pyrami-
dal inversion, and recoordination of NH, . . Combination
of this inversion with rapid rotation of the n*-cod fragment
results in only one signal each for the vinylic, the allylic exo
and the allyllic endo protons of cod. At —80 °C the pyrami-
dal inversion at N, ;.. and rotation of cod are both frozen
out. This results in two AB-type doublets for both
N—CH,—Pyr and N—CH,—Py, each with an additional
coupling to the NH, . . proton. At this temperature each
cod proton appears as a separate signal, with the exception
of two overlapping allylic exo protons and two sets of two
overlapping allylic endo protons.

Complexation of [Rh'(cod)]* and [Ir'(cod)]* by L;;~

Reaction of HLy with [{(cod)M'(u-Cl)},] (M = Rh, Ir)
in methanol resulted in a solution of [(HLy)M'(cod)]Cl
M = Rh, Ir). The neutral complexes [(Ly)M(cod)] (M =
Rh: 3; M = Ir: 4) precipitated upon deprotonation of the
uncoordinated pyrrole nitrogen (Np,,—H) by excess aque-
ous Na,COj;. Cooling of a saturated solution of rhodium
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Table 1. Selected bond lengths [A] for HLyy, [1]PFg, [2]PF, 3, 44/4B, 5, and 6

HLH [1]PF¢ [2]PF4 3 4 48 5 6

(M1 = Rhl) (M1 =1Irl) (M1 = Rhl) (M1 =1Irl) M1 = Irl) (M1 =Rh) (Ml =1Ir)
N1-Ml 2.101(4) 2.083(4) n. b. n. b. n. b n. b. 2.235(7)
N2—-M1 n. b. n. b. 2.034(3) 2.020(5) 2.023(5) 2.039(3) 2.066(7)
N3-Ml1 2.144(4) 2.130(4) 2.164(3) 2.147(5) 2.150(5) 2.231(2) 2.397(7)
Cl12—-Ml1 2.133(4) 2.117(5) 2.117(3) 2.120(6) 2.113(7) 2.106(3) 2.068(8)
Cl13—M1 2.143(4) 2.127(5) 2.126(3) 2.115(6) 2.098(6) 2.119(3) 2.055(8)
Cl6—M1 2.154(4) 2.136(5) 2.121(3) 2.125(6) 2.113(7) 2.156(3) 2.136(11)
Cl17-M1 2.146(4) 2.138(5) 2.145(8) 2.123(6) 2.132(6) 2.146(3) 2.129(10)
C12—Cl13 1.398(7) 1.403(8) 1.398(5) 1.406(10) 1.429(11) 1.393(5) 1.476(14)
Cl16—C17 1.392(7) 1.403(8) 1.398(5) 1.411(10) 1.417(10) 1.395(5) 1.414(16)
C6—C7 1.505(7) 1.506(6) 1.492(7) 1.521(5) 1.512(8) 1.519(09) 1.498(4) 1.488(11)
N3-C6 1.454(7) 1.494(6) 1.486(6) 1.458(5) 1.475(8) 1.476(8) 1.507(4) 1.499(11)
C1-C5 1.485(7) 1.479(7) 1.480(8) 1.484(5) 1.484(9) 1.487(9) 1.490(5) 1.493(13)
N3-C5 1.478(7) 1.498(6) 1.520(7) 1.498(4) 1.505(8) 1.506(8) 1.506(5) 1.477(11)
N3-C20 - - - - - - 1.497(4) 1.474(12)
Pyridine
N1-C7 1.331(6) 1.342(6) 1.366(7) 1.334(5) 1.352(9) 1.332(9) 1.356(5) 1.342(11)
C7-C8 1.384(7) 1.386(7) 1.387(7) 1.389(5) 1.377(10) 1.398(10) 1.389(5) 1.407(13)
C8—-C9 1.372(8) 1.387(8) 1.386(9) 1.377(5) 1.384(11) 1.361(12) 1.390(7) 1.383(14)
C9—C10 1.369(8) 1.385(8) 1.381(9) 1.361(6) 1.370(12) 1.398(13) 1.373(9) 1.400(15)
C10—-Cl11 1.365(8) 1.375(7) 1.392(8) 1.377(6) 1.385(11) 1.375(12) 1.361(7) 1.366(14)
CI1—NI 1.330(7) 1.352(6) 1.336(7) 1.332(5) 1.343(9) 1.346(9) 1.354(5) 1.357(12)
Pyrrole
N2—-Cl1 1.371(7) 1.361(5) 1.350(8) 1.377(4) 1.384(8) 1.358(8) 1.364(4) 1.354(12)
Cl-C2 1.362(7) 1.371(7) 1.371(8) 1.375(5) 1.380(9) 1.387(9) 1.379(4) 1.368(14)
C2-C3 1.408(7) 1.411(8) 1.399(10) 1.419(5) 1.411(10) 1.394(11) 1.403(6) 1.419(16)
C3-C4 1.354(9) 1.350(9) 1.344(11) 1.372(5) 1.382(10) 1.364(10) 1.371(5) 1.361(16)
C4—N2 1.375(6) 1.362(5) 1.360(8) 1.370(4) 1.379(8) 1.380(8) 1.368(4) 1.390(12)

[al For atom labelling see Figure 2—6. Superscripts * and B refer to crystallographically independent molecules.

complex 3 in toluene resulted in crystals suitable for single-
crystal X-ray diffraction. The analogous procedure for iri-
dium complex 4 gave micro-crystalline material with a
PXRD-pattern different from that of crystalline 3. Single
crystals of 4, suitable for X-ray diffraction, could not be
obtained from toluene. However X-ray quality crystals of
4 - 1/2 CH,Cl, were obtained by cooling a saturated solu-
tion in CH,Cl,. In the crystal of 4 - 1/2 CH,Cl,, two inde-
pendent iridium complexes 4* and 4%, with geometries
slightly different from rhodium complex 3 and from each
other, are found in the asymmetric unit. The X-ray struc-
ture of 3 is given in Figure 4. Selected bond lengths and
angles of 3 and 4 are given in Tables 1 and 2.

Both 3 and 4 have a square planar coordination geometry
in which [Ly] ™ is didentate via N,mine and Npy,. Thus, de-
protonation of Np,,—H in [1]" and [2]* to a pyrrolate ni-
trogen (Np,,) results in a shift of [M(cod)]* (M = Rh, Ir)
from the Nymine—Npy compartment to the Nymine—Npyr
compartment (Scheme 2).

In both 3 and 4 - 1/2 CH,Cl,, Np, accepts an intramol-
ecular hydrogen bond from Nmine=H (3: Naming—Npy dis-
tance: 2.833(4) A, H—Np, distance: 2.48(4) A Numine~
H—Bp, angle 105(3)°; 4*: N,pine— Np, distance: 2.815(7) A,
H—Np, distance: 2.43 10\, Namine=H—Np, angle:
104°, 4% Nypine—Npy distance: 2.824(8) A, H—Np, dis-
tance: 2.46 A, Nymine—H—Npy angle: 104°). Whereas in 3
the (R) and (S) enantiomers occur as monomers, in 4 they
dimerise to (R,R) and (S,S) via additional intermolecular
hydrogen-bonding interactions between N, min.—H and Npy
(see 4* and 4B in Figure 5). [Intermolecular Nypine—Npy
distances: 3.269(8) A, 3.216(7) A; intermolecular H—Np,
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distances: 2.47 A, 2.41 A intermolecular Namine—H—Npy
angles: 145°, 145°].

The additional intermolecular hydrogen bonding on go-
ing from 3 to 4, could well reflect that the NH_ . - proton
of iridium compound 4 is slightly more acidic than the
NH hine proton of rhodium compound 3, in accordance
with its down-field 'H-NMR shift on going from 3 (§ =
4.5) to 4 (6 = 5.3). This might also explain the difference
in PXRD-pattern of crystalline 3 and 4 from toluene. .

The M—Np,, distances in 3 and 4 are approx. 0.06 A
shorter than the corresponding M —Np, distances in [1]PFg
and [2]PFy, respectively. This demonstrates the stronger in-
teraction of the anionic pyrrolate nitrogen (Npy,) with the
M! center. The observed M—N,ines M —Coefin and olefinic
C—C distances in 3 and 4 are not significantly different
from those in [1]PF4 and [2]PF, respectively. As for [1]%,
the Rh—N, Rh—C and olefinic C—C distances in 3 fall
within the normal range for square planar “N,”Rh'(cod)
complexes. P16

The NMR spectra of 3 and 4 are very similar and corre-
spond well with their solid state structure. As for [1]Tand
[2]7, the largest shift differences between 3 and 4 are ob-
served for (—CH=CH—),,q signals (Table 3). In the 'H-
NMR spectrum of rhodium complex 3 at room temp. the
pyramidal inversion at N, in 1S frozen out (AB type signals
with additional coupling to the NH_ . = proton for
N—-CH,—Py and N—CH,—Pyr). Rapid rotation of the n*
cod fragment results in one signal for the vinylic, two for
the allylic exo and two for the allylic endo protons. The
pyridine signals appear at almost the same position as in
free HLy. The N, . . proton (8yz = 4.50) has shifted
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Table 2. Selected bond angles [°] for HLy, [1]PFg, [2]PF, 3, 44/48, 5, and 612!

HLH [1]PF, [2]PF, 3 qn 48 5 6
(M1 = Rhl) (M1 =1Irl) (M1 =Rhl) (Ml=1Irl) (MI1=1Irl) (Ml =Rhl) MI = Irl)

NI-MI-N3 - 78.56(15) 78.62(17) - - - - 69.5(2)
NI-MI-N2 - - - - - - - 94.3(3)
N2-MI1-N3 - - — 79.89(11) 79.36(19) 79.3(2) 78.15(10) 76.5(3)
NI-MI-Cl2 - 93.05(17) 92.98(19) - - - - 168.1(3)
NI-M1-C13 - 99.52(16) 99.62(19) - - - - 126.3(3)
NI-M1-Cl6 - 164.81(18) 163.9(2) - - - - 83.3(4)
NI-M1-C17 - 156.40(18) 156.9(2) - - - - 99.8(4)
N2-M1-Cl12 - - - 92.68(12) 97.8(2) 93.8(3) 89.89(12) 88.4(4)
N2-M1-C13 - - - 97.32(12) 92.6(2) 98.1(2) 96.47(12) 90.9(4)
N2-M1-Cl6 - - - 160.84(13) 159.5(3) 160.4(3) 165.17(13) 165.8(4)
N2-M1-C17 - - - 160.73(12) 161.2(2) 159.9(3) 156.92(13) 154.7(4)
N3-M1-C12 - 158.58(18) 157.7(2) 159.44(13) 158.0(2) 160.8(3) 155.54(12) 122.4(3)
N3-M1-Cl13 - 162.23(18) 162.8(2) 160.95(13) 161.8(2) 158.5(2) 162.83(13) 161.1(3)
N3-M1-Cl6 - 95.66(17) 95.62(18) 94.72(12) 100.2(2) 94.3(2) 99.33(11) 115.3(3)
N3—-MI1-C17 — 98.37(17) 98.27(19) 98.88(12) 93.9(2) 98.9(2) 101.11(11) 88.8(3)
Cl12-M1-C13 — 38.15(19) 38.6(2) 38.49(13) 38.8(3) 39.7(3) 38.50(14) 41.9(4)
Cl6—MI1-C17 — 37.78(19) 38.3(2) 38.00(14) 38.8(3) 39.0(3) 37.82(14) 38.7(4)
M1-N2-C1 — - - 115.6(2) 117.0(4) 117.1(4) 114.1(2) 119.1(6)
N2—-C1-C5  120.7(4) - - 117.3(3) 116.6(5) 116.8(5) 117.4(3) 116.5(8)
CI-C5-N3  111.94) - - 109.5(3) 108.6(5) 108.6(5) 109.2(3) 111.2(7)
C5-N3-Ml - - - 108.0(2) 109.8(4) 108.8(4) 101.81(17) 104.1(5)
M1-NI-C7 — 113.7(3) 113.8(3) - - - - 119.6(6)
NI-C7-C6  116.1(5) 115.7(4) 115.2(4) 117.6(3) 116.8(6) 117.2(6) 118.2(3) 117.1(8)
C7-C6—N3  112.7(5) 108.8(4) 109.1(4) 114.5(3) 114.7(5) 113.5(5) 114.3(2) 108.1(7)
C6—N3—M1 — 104.1(3) 105.1(3) - - - - 107.8(5)
Pyrrole

N2—-C4-C3  107.8(5) 107.9(5) 107.8(6) 110.4(3) 109.2(6) 108.9(6) 109.4(3) 110.0(9)
C4-C3-C2  107.8(5) 107.6(5) 107.8(6) 106.9(3) 107.7(6) 108.5(6) 107.4(3) 107.4(10)
C3-C2-Cl1 107.8(5) 107.5(5) 107.3(6) 105.9(3) 106.2(6) 105.5(6) 106.1(3) 105.0(9)
C2—C1-N2  107.5(5) 107.0(5) 107.1(5) 110.7(3) 110.1(6) 110.4(6) 109.9(3) 112.3(9)
CI-N2-C4  109.1(4) 110.1(5) 109.9(6) 106.0(3) 106.7(5) 106.7(5) 107.1(3) 105.2(8)
Pyridine

N1-C11-C10 123.7(5) 121.9(5) 122.5(5) 124.5(4) 123.2(7) 123.2(8) 122.9(4) 123.6(9)
C11-C10—-C9 118.3(5) 119.8(5) 118.9(5) 118.2(4) 118.3(7) 118.3(8) 119.1(4) 118.9(09)
C10—-C9—-C8 119.3(5) 118.2(5) 119.1(5) 118.8(4) 119.8(7) 119.1(8) 119.7(5) 118.4(9)
C9-C8—-C7  118.7(5) 119.4(5) 119.6(5) 119.2(4) 118.6(7) 118.9(7) 118.7(5) 119.4(7)
C8—C7—N1  122.2(4) 121.9(4) 121.2(5) 122.4(3) 122.7(6) 122.8(6) 121.3(3) 121.8(8)
C7-N1-C11 117.7(4) 118.8(4) 118.8(4) 116.7(3) 117.4(6) 117.6(6) 118.5(4) 117.9(8)

[2l For atom labelling see Figure 2—6. Superscripts * and B refer to crystallographically independent molecules.

Figure 3. X-ray structure of [1]* [only the (S) enantiomer is shown]

2.09 ppm downfield from that in the free ligand (Syy =
2.41). The pyrrole signals have all shifted up-field relative
to HLy. The chemical shift difference is most pronounced
for Pyr—H> (Pyr—H> 0.42 ppm, Pyr—H#* 0.13 ppm and
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Pyr—H?3: 0.26 ppm), probably due to anisotropic shielding
by the n*-cod fragment.

Complexation of [Rh'(cod)]* and [Ir'(cod)]* by
[Lpa |~ and [Lg,|™

Reaction of HLg, with [{(cod)M!(u-Cl)},] (M = Rh, Ir)
in methanol results in a solution of [(HLg,)M'(cod)]|Cl
(M = Rh, Ir). Subsequent addition of an excess of aqueous
Na,COj; results in deprotonation of Np,,—H and precipi-
tation of the neutral complexes [(Lg,)M'(cod)] (M = Rh:
5, M = Ir: 6). [(Lg,)Rh'(cod)], 7, was obtained analogously.
Crystals of 5 and 6 were obtained by cooling of a saturated
solution in toluene. Their structures were determined by
single-crystal X-ray diffraction (Figure 6). Selected bond
lengths and angles are given in Tables 1 and 2.

In the crystal, complex 5 has a square planar geometry
with didentate Lg,~ via NB2 . . and Npy,, analogous to
Ly~ in 3. Npy in 5 is not involved in any bonding interac-
tion, whereas Np, in 3 accepts a hydrogen bond from
N, mine. The Rh—Np,, distances (N2—Rhl) in 5 and 3 are
equal within experimental error, but the Rh—NB, . dis-
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Table 3. 'H- and '3C-NMR shifts of (-HC=CH—).q

[1]PF ] [2]PF ) (3] 4] [5]1°) (6] (7]
(M = Rh) M = Tr) (M = Rh) M = Ir) (M = Rh) M = Ir) (M = Rh)
'H NMR 4.46 43 4.12 3.87 3.91 3.47 3.8
3.38 3.73 3.37 2.84 3.40
13C NMR 822 68.0 (br) 79.3 62.3 77-74 (br)  57-54 (br)  —
78.8 61.5 —

[l Acetone[Dg]. — P! CD,Cl,. — [ CDCl;.

Figure 4. X-ray structure of 3 [the (R) and (S) enantiomers are shown]

—_—

MeOH/H,0

| N ELS
QN\MI/L ,,l

/N Na,CO, H\N

AN
/N |

3: M= Rh
4: M=1Ir

Z “NH
[1]PF,: M= Rh
[2]PF,: M= Ir

Scheme 2. Dicompartimental ligand HLy: Shift of [M(cod)]" from
Namine —Npy t0 Nymine—Npy, compartment upon deprotonation of
HLy

Figure 5. Hydrogen-bonding pattern in the X-ray structure of
4 1/2 CH,Cl, [the crystal contains the dimers (R, R) and (S,S) of
the enantiomers (R) and (S); only R, R) is shown]
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tance in 5 [N3—Rhl = 2.231(2) A] is 0.07 A longer than
the Rh—NH, . . distance in 3 [N3—Rhl = 2.164(3) A]
and longer than Rh—Ng,; distances for square-planar
“N,”-ligand Rh' complexes (2.111—2.178 A) known so-
far.[ In accordance with this, the Rh—C distances trans
to NB7_. in 5 are approx. 0.04 A shorter than those trans
to Npy,, whereas the corresponding distances in 3 are not
significantly different. These effects all seem to indicate a
substantial weakening of the Rh—NR, . . interaction upon
substitution of H by Bzl.

In contrast to the four-coordinate rhodium complex 5,
iridium complex 6 is five-coordinate. Complex 6 has a
pseudo trigonal-pyramidal geometry with tridentate [Lp,]™
(Figure 6). Npy, and one double bond of cod occupy the
axial positions, whereas Np, and N,pyine together with the
other double bond of cod occupy the equatorial positions.

Complex 6 contains two chiral centres; N8, . and Ir.
Nevertheless only the enantiomeric pairs S,C and R, 4, and
not their diastereomers S,4 and R, C are observed. Because
of the short “arms” of the ligand, the chiral centre on the
amine nitrogen dictates the chirality at the iridium centre
during complexation. The S,4 and R,C forms are not ac-
cessible due to the geometrical constraints in the ligand.

For d®metals in a trigonal-bipyramidal geometry, theo-
retical and experimental results by Rossi and Hoffmann
indicate that the strongest o-donor prefers the axial posi-
tion and that olefins are more strongly bound in the equa-
torial plane.[”! The axial position of the strongest c-donor,
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Figure 6. X-ray structures of 5 (S enantiomer) and 6 (S,C enantiomer), corresponding with enantiomer (S) of 3 in Figure 4

Npy,, at the shortest Ir—N distance (Ir—N2: 2.066 A) and
the shorter Ir—C distances for the equatorial double bond
[Ir1—C12: 2.068(8) A, Ir1—C13: 2.055(8) A] relative to the
axial double bond [Ir1—Cl6: 2.136(11) A, Ir1-C17:
2.129(10) A] are in accordance with theoretical and exper-
imental results by Rossi and Hoffmann. In accordance with
its “unfavourable” equatorial position, the M—NB7 .
distance (M1—N3) in the five-coordinate iridium complex
6 exceeds the M—NBZlamimg distance in four-coordinate rho-
dium complex 5 by 0.17 A, whereas the M—Np,, distance
(M—N2) in the “favourable” axial position is not signifi-
cantly longer than in 5 (Table 1). Interestingly, 5 undergoes
k>—x> isomerisation on going from the solid state to solu-
tion (Scheme 3).

7\ N
N= |
=
N N
N gt
L T o
= 5 5
Solid Solution

Scheme 3. k>—x3 isomerism for Ly, ™ in 5

In the '"H-NMR solution spectrum of 5, Py-H® of Ly~
has shifted 0.69 ppm downfield relative to Py-H® of free
HLg, (HLg,: 6 = 8.56, HLp, ™ in 5: § = 9.25). This is in
marked contrast with the situation for 3, where we observed
no significant shifts for Py-H® of the uncoordinated pyri-
dine group of Ly~ compared to free HLy (HLy: 6 = 8.48,
Ly in 3: 8 = 8.55). Also, the Py-H® signal in 5 shows clear
NOE contacts (counter phase to diagonal) with Pyr-H?>,
and the two vinylic and the two allylic exo signals of cod.
This shows that the structure of 5 in solution is predomi-
nantly five-coordinate. As was the case for [1]* and 3, the
'H-NMR spectrum of 5 shows rapid rotation of the n*cod
fragment. Two signals are observed for the vinylic protons,
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one for the allylic exo protons, and one for the allylic endo
protons. At room temperature pyramidal inversion at N8 _
mine 18 slow on the "H-NMR time-scale (two AB-type dou-
blets for each, N-CH,—Py, N-CH,—Pyr, and
N-CH,—Ph), but fast on the NOESY/EXSY time scale
(exchange correlation peaks were observed for the two vi-
nylic proton signals and for H, and Hy, of the three AB-
patterns). On the basis of its '"H-NMR spectrum, the solu-
tion structure of butylamine derivative 7 is similar to that of
benzylamine derivative 5 (Table 3). As for 5, the significant
downfield shift of Py-H® (A8 = 0.58 ppm) indicates that
Lg,~ is tridentate in solution.

Complex 6, the iridium analogue of 5, is also five-coordi-
nate in solution. However 6 does not show NBZ, . inver-
sion on the 'H-NOESY/EXSY time-scale. This seems to
indicate the stronger preference of iridium for five-coordi-
nation.®! Apart from the chemical shift differences for
(—HC=CH—)oq (Table 3), the NMR spectra of 5 and 6
are very similar.

Thus, substitution of the NH,, ... proton in 3/4 by benzyl
in 5/6 or butyl in 7 induces Np, coordination in solution.
This appears to be triggered by a weaker N, ,;,e—Rh inter-
action resulting from steric repulsions, and by the loss of
stabilisation of the uncoordinated Np, through hydrogen
bonding with N, i,.—H.

The '3C-NMR signals for (—CH=CH—),q of the iri-
dium complexes appear at significant lower values than
their corresponding rhodium analogues (Table 3), indicat-
ing stronger m-back donation for iridium.!®! Both for rho-
dium and for iridium, significant upfield shifts are observed
for the (—CH=CH—).,q NMR signals on going from four-
coordination to five-coordination (Table 3). The average
NMR signals of (—CH=CH—),.q of four-coordinate 3 and
4 in CD,Cl, [3: 8(*H) = 4.1 and §('3C) = 79; 4: 8(‘H) =
3.8 and §('3C) = 62] appear at significantly higher values
than those of five-coordinate 5 and 6 [5: §(*H) = 3.6 and
3(13C) = 77-74 (br); 6: 3('"H) = 3.2 and §('3C) =
57—54(br)]. For 7, §(*H) = 3.7, which is close to the value
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of 5. This situation parallels that for 3,5-disubstituted tris-
(pyrazolyl)borate (TpR?) rhodium(I) cod complexes, where
in CDCl; §('H) = 4.1 and §('*C) = 80 for four-coordinate
[(k>-TpR?)Rh!(cod)] and §('"H) = 4.0 and §(}3C) = 73 for
five-coordinate [(13-Tp"?)Rh'(cod)]. 1>

Reactivity towards H,0, O,, and H,0,

Solutions of the pyridine-amine-pyrrolate complexes 3, 4,
5, 6, and 7 show no reactivity towards water, but are oxi-
dised in a nonselective way by air and aqueous H,O,. Spar-
ingly soluble precipitates result, which have complex 'H-
NMR spectra with very broad lines.

Catalytic Polymerisation of Phenylacetylene

Complexes 5 and 7 are neutral “N;”Rh'(cod) complexes
that show k>—x? isomerism, similar to tris(pyrazolyl)borate
rhodium(I) cod complexes. Isomerisation of [(i3-
TpR?)Rh'(cod)] to [(>-TpR?)Rh!(cod)] has been suggested
to be essential for its catalytic activity in the polymerisation
of phenylacetylene.”! In accordance with this we observed
that rhodium complex 5, but not iridium complex 6, is an
active catalyst for the polymerisation of phenylacetylene
(Scheme 4).

Scheme 4. Polymerisation of phenylacetylene by 5

Reaction of phenylacetylene in MeOH in the presence
of 0.1 mol-percent of 5 resulted in precipitation of yellow
poly(phenylacetylene) in 24% yield within 20 min. The mo-
lecular mass (M,,) and the high stereoregularity (head-to-
tail cis-transoidal structure) of the obtained poly(phenyl-
acetylene) are similar to those of poly(phenylacetylene) pre-
pared with (TpR*)Rh'(cod)®! and other rhodium cata-
lysts.['% The broad molecular weight distribution (M,,/
M,, = 4.7) could be the result of partial precipitation dur-
ing polymerisation.

Discussion

The pyridine-amine-pyrrolate complexes 3—7 are not oxi-
dised selectively by H,O» or O,. Oxidation of the negatively
charged pyrrolate group is probably responsible for these
aselective oxidations. The new pyridine-amine-pyrrole and
pyridine-amine-pyrrolate ligands display a diverse coordi-
nation chemistry towards [Rh'(cod)]* and [Ir'(cod)]*.

The neutral pyridine-amine-pyrrole ligand HLy in [1]*
and [2]" is didentate via NH, ;.. and Np,. Deprotonation
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of the pyrrole group results in the potentially tridentate
pyridine-amine-pyrrolate ligands Ly ~, Lp,~ and Ly, . In
both 3 (M = Rh) and 4 (M = Ir), Ly~ is didentate via
NH ine and Npy, in the solid state and in solution. The
observed difference between 3 and 4 in the solid state could
well reflect that the N, . . proton of iridium compound 4
is slightly more acidic than the N, ;. . proton of rhodium
compound 3, in accordance with the down-field shift of the
N, ine proton in the 'H-NMR spectrum on going from 3
to 4. The higher acidity is probably the result of stronger
metal—ligand interaction for iridium(I) than for rho-
dium(I). In accordance with this, the '3C-NMR olefinic cod
signals of the iridium complexes are observed at higher field
than those of their rhodium analogues (see Table 3).

Lg, in 5 (M = Rh) is predominantly tridentate via Npy,,
Namines and Np, in solution, but didentate via Np,, and
Namine in the solid state. Apparently, the free energy in-
crease on going from k3-Lg, to k?>-Lg, can easily be over-
come by packing forces. The 'H-NMR spectrum of 5 shows
the occurrence of another mode of k?>—k> isomerism in
solution, involving dissociation, pyramidal inversion and re-
coordination of NB2_ . = The activity of 5 in polymeris-
ation of phenylacetylene also reflects the occurrence of
k?>—x> isomerism. Ly, in 6, the Ir-analogue of 5, shows
no sign of pyramidal inversion of NB2, .  via x>—1 isom-
erism in solution, and is tridentate in the solid state. The
observed differences between 5 and 6 in solution and in the
solid state both appear to reflect the higher tendency of
iridium for five coordination. [®!

Previously, k>—13-isomerism has been observed for 3,5-
disubstituted tris(pyrazolyl)borate!''! (TpR?) complexes
[(TpR?)Rh!(L,)] (L, = diolefin or (olefin),)."2113 Whereas
a bulky R at the pyrazolyl-3-position in [(TpR?)Rh'(cod)]
favours four-coordination over five-coordination (x> > 173),
a bulky R at N®, . . in [(Lr ")Rh'(cod)] favours five-coor-
dination over four-coordination (x> > %?). Increased steric
repulsion at NR . . in [(Lg )Rh'(cod)] induces a weaker
Rh—NR, ... interaction. This is compensated by additional
coordination of Npy, and thus results in five coordination.

Experimental Section

General Methods: All reactions were performed under a nitrogen
atmosphere using standard schlenk techniques, unless mentioned
otherwise. Solvents (p. a.) were deoxygenated by bubbling through
a stream of N, or by the freeze-pump-thaw method. The tempera-
ture indication room temp. corresponds to ca. 20 °C. [{(cod)Rh(p-
C)},]" and [{(cod)Ir(p-Cl)},]*! were prepared according to a
literature procedure. All other chemicals are commercially available
and were used without further purification. — IR spectra were
measured on a Perkin—Elmer 1720X. — NMR experiments were
carried out on a Bruker DPX200 (200 MHz and 50 MHz for 'H
and 3C respectively), a Bruker AC300 (300 MHz and 75 MHz for
'H and '3C respectively) and a Bruker AMS500 (500 MHz and
125 MHz for 'H and '3C respectively). Solvent shift reference for
'H NMR: [DgJacetone 8y = 2.05, THF-[Dg] 8y = 1.72, CD,Cl,
8y = 5.31, CDCl; 8 = 7.28. For '*C NMR: [DgJacetone 8- =
29.50, CD,Cl, 8¢ = 54.20. Abbreviations used are s = singlet, d =
doublet, dd = doublet of doublets, ddd = doublet of doublets of
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doublets, t = triplet, m = multiplet and br = broad. — Elemental
analysis (C,H,N) were carried out on a Carlo Erba NCSO-analyser.
— Mass Spectra were recorded on a VG 7070 Mass spectrometer
(FABJ/EI) or on a JEOL JMS SX/SX102A four sector mass spec-
trometer (FD).

X-ray Diffraction: Crystals of [1]PF4 and [2]PF suitable for X-ray
diffraction studies were obtained by cooling a saturated solution of
the corresponding compound in MeOH to —20 °C. Crystals of
HLy, 3, 5, and 6 suitable for X-ray diffraction studies were ob-
tained from hot saturated toluene solutions. Crystals of 4 suitable
for X-ray diffraction studies were obtained by slow crystallisation
from a saturated CH,Cl, solution at —20°C. Single crystals were
mounted in air on glass fibres. For [1]PFg, [2]PFg, 4, 5, and 6 an
Enraf—Nonius CAD4 single-crystal diffractometer was used,
graphite monochromatised Cu-Ka radiation, 6-26 scan mode. The
X-ray diffraction data for 3 were collected on a Enraf—Nonius
CADA4T rotating anode diffractometer, graphite monochromatised
Mo-Ka radiation, w-scan mode. Semi-empirical absorption correc-
tion (w-scan) was applied. ]

For HLy an Enraf—Nonius CAD4 single-crystal diffractometer
was used, graphite monochromatised Mo-Ko radiation, 6-20 scan
mode. No absorption correction was applied. Structures [1]PFg,
[2]PFs, 3, 4, 5, and 6 were solved by the program system
DIRDIF!”! using the program PATTY!8! to locate the heavy
atoms. The structure of HLy was solved using the program
CRUNCH. ™! All structures were refined with standard methods
(refinement against /2 of all reflections with SHELXL97[?) with
anisotropic parameters for the nonhydrogen atoms. Intensity data
were corrected for Lorentz and polarisation effects. All hydrogen
atoms were placed at calculated positions and were subsequently
freely refined, however, for 4 and 6, the hydrogen atoms were placed
at calculated positions and were refined riding on the parent atoms.
Details of the crystal parameters, data collections and structure
refinements are given in Table 4. Crystallographic data (tables of
structure determinations summaries, lists of anisotropic displace-
ment parameters, lists of atom coordinates and full lists of bond
lengths and angles, excluding structure factors) have been deposited
with the Cambridge Crystallographic Data Centre as supplemen-
tary publication no. CCDC-115640 ([1]PFy), 115641 (3), 115642
(5), 115643 (HLy), 115644 ([2]PFy), 115645 (6), and 115646 (4).
Copies of the data can be obtained free of charge on application
to The Director, CCDC, 12 Union Road, Cambridge CB2 1EZ,
UK (fax: Int. Code +44 (1223) 336-033; E-mail: deposit@chemcrys.
cam.ac.uk)

Syntheses

N-(2-Pyridylmethyl)-N-(1 H-2-pyrrolylmethyl)amine (HLy): 6.8 g
(0.064 mol) of 1H-pyrrole-2-carboxaldehyde was dissolved in
60 mL of EtOH and 6.0 g (0.063 mol) of picolylamine was added
dropwise. The solution was heated to reflux for 10 min. Evapo-
ration of the solvent under vacuum results in a yellow powder, from
which N-(2-pyridylmethyl-N-(1 H-pyrrolylmethylidene)amine was
obtained as a white solid by recrystallisation from a hot saturated
Et,0 solution. Yield 11.5 g (0.062 mol, 98%). — 11.3 g (0.061 mol)
of N-(2-pyridylmethyl-N-(1 H-pyrrolylmethylidene)amine was then
dissolved in 200 mL of deoxygenated methanol. The solution was
cooled to —10°C, and 2.9 g (0.076 mol) of NaBH, was added and
some gas evolved from the solution. The solution was heated to
50°C for 3 h after which the solvent was partially evaporated. To
this solution 50 mL water was added to destroy the excess NaBHj,.
The water layer was extracted three times with 30 mL of Et,O, and
the combined Et,O-fractions were dried with 10 g of MgSO,. Fil-
tration and evaporation of the solvent results in N-(2-pyridylme-
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thyl)— N-(1 H-2-pyrrolylmethyl)amine (HLy) as a yellow powder,
and was recrystallised from a hot saturated Et,O solution. Yield
10.3 g (0.055 mol, 90%). Colourless crystals suitable for X-ray dif-
fraction were obtained by crystallisation from toluene. — Mp:
59.0°C. — '"H NMR (200 MHz, CD,Cl,, 298 K): § = 9.40 (s, b, 1
H, Pyr—H1), 8.54 [d,1 H, 3*J(H,H) = 4.1 Hz, Py—H6], 7.65 [t, 1
H, 3J(H,H) = 7.6 Hz, Py—H4], 7.26 [d, 1 H, 3J(H,H) = 7.6 Hz,
Py—H3], 7.16 [dd, 1 H, 3J(H,H) = 7.6 Hz, 3J(H,H) = 4.1 Hz,
Py—HS5], 6.67 (m, Pyr—HS5), 6.05 (m, 1 H, Pyr—H4), 598 (m, 1 H,
Pyr—H3), 3.86 (s, 2 H, N—CH,—Py), 3.78 (s, 2 H, N— CH,—Pyr),
2.41 (s, br, 1 H, NH). — 13C {'H} (75 MHz, [DgJacetone, 298 K):
§ = 1614 (Py—C2), 1499 (Py—C6), 137.2 (Py—C4), 131.6
(Pyr—C2), 122.9 (Pyr—C5), 122.2 (Py—C5), 117.8 (Py—C3), 108.7
(Pyr—C4), 1069 (Pyr—C3), 549 (N-CH,—Pyr), 46.8
(N—CH,—Py). — EI-MS (m/z): 185 [M]*, 118 [M — Pyr + H]",
107 [M — CH,Py]*, 93 [CH,Py + H]*. — C;;H5N; (187.24):
caled. C 70.56, H 7.00, N 22.44; found C 70.55, H 7.03, N 21.95.

N-Benzyl-N-(2-pyridylmethyl)-N-(1 H-2-pyrrolylmethyl)amine
(HLg,): 9.5 g (0.09 mol) of 1H-pyrrole-2-carboxaldehyde was dis-
solved in 50 mL of freshly distilled THF and cooled to 0°C. 10.7 g
(0.10 mol) of benzylamine was added drop wise. After 15 min the
solution was allowed to warm up to room temp. and was stirred
for 10 h. Evaporation of the solvent under vacuum results in a
yellow powder, from which N-benzyl-N-(1 H-pyrrolylmethylidene)-
amine was obtained as a white solid by recrystallisation from a hot
saturated Et,O solution. Yield 17.7 g (0.085 mol, 96%). 9.2 g (0.049
mol) of N-benzyl-N-(1H-pyrrolylmethylidene)amine was then dis-
solved in 60 mL of deoxygenated methanol. The solution was
cooled to 0°C, and 2.0 g (0.053 mol) of NaBH, was added and some
gas evolved from the solution. The solution was heated to 50°C for
10 h after which the solvent was partially evaporated. To this solu-
tion 50 mL of water was added to destroy the excess NaBH,. The
water layer was extracted three times with 30 mL of Et,0, and the
combined Et,O fractions were dried with 10 g of MgSQ,. Filtration
and evaporation of the solvent results in 1 H-pyrrol-2-ylmethylben-
zylamine as a yellow oil, sufficiently pure for further reaction. Yield
7.87 g (0.061 mol, 71.3%). 100 mL of methanol was cooled to 0°C
and 12 g of Na,COs;, dissolved in 20 mL of water, was added. To
the resulting suspension 6.89 g (0.042 mol) of picolyl chloride hy-
drochloride and 7.9 g (0.042 mol) of (1 H-pyrrol-2-ylmethyl)benzyl-
amine were added. The pink solution was stirred for 10 h and
gradually changed its colour to orange. The mixture was filtered
and the filtrate was evaporated yielding a crude red solid. N-benzyl-
N-(2-pyridylmethyl)-N-(1 H-2-pyrrolylmethyl)amine (HLg,) was
obtained as a white solid by recrystallisation from a saturated Et,O
solution at —20°C. Yield 4.46 g (0.016 mol, 38%). — Mp: 86.0°C.
— '"HNMR (200 MHz, CD,Cl,, 298 K): & = 9.84 (s, br, 1 H,
Pyr—HI), 8.56 (m,1 H, Py—H6), 7.70 (m, 1 H, Py—H4, Py—H3),
7.8—7.2 (m, 6 H, Ph—H, Py—H4, Py—HY), 6.79 (m, Pyr—HS),
6.08 (m, 1 H, Pyr—H4), 599 (m, 1 H, Pyr—H3), 3.65 (s, 2 H,
N-CH,—Py), 3.62 (s, 2 H, N—-CH,—Pyr), 3.52 (s, 2 H,
N—-CH,—Ph). — BC {'H} (75 MHz, [Dglacetone, 298 K): & =
161.1 (Py—C2), 149.9 (Py—C6), 141.0 (Pyr—C2), 137.6 (Py—C4),
130.0 (Ph—C2, Ph—C3), 129.4 (Ph—C4), 128.1 (Ph—Cl), 1243
(Pyr—C5), 123.2 (Py—C5), 118.5 (Py—C3), 108.8 (Pyr—C4), 108.6

(Pyr—C3), 59.9 (N—CH,—Ph), 58.9 (N—CH,—Pyr), 5l.1
(N—CH,—-Py). — EI-MS [m/z (%): 277 [M]* (0.13), 211
[M — Pyr]*  (0.10), 197 [M — CH,Pyr]* (37.10), 185

(277.37): caled. C 77.95, H 6.90, N 15.15; found C 77.81, H 6.90,
N 14.75.

N-Butyl-N-(2-pyridylmethyl)- N-(1 H-2-pyrrolylmethyl)amine
(HLg,): N-Butyl-N-(2-pyridylmethyl)-N-(1 H-2-pyrrolylmethyl)am-
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Table 4. Crystallographic data for HLy, [1]PFg, [2]PFs, 3, 4 - 1/2 CH,Cl,, 5, and 6
HLy [1]PF¢ [2]PF¢ 3 4-12CH,Cl, 5 6
Emperical formula C H;3N3 C9HysFgN3;PRh  CgHysFgIrNsP - CgHoyN3;Rh C95H,sClIrN;  CysH3oN;3;Rh Co6H3oIrN3
Crystal size [mm)] 0.37x0.33%0.29  0.37x0.33%0.17 0.25X0.22x0.12  0.22X0.22x0.12  0.48%0.16X0.06 0.46Xx0.29x0.20 0.17X0.13x0.12
Formula mass 187.24 543.30 632.59 397.32 529.08 487.44 576.73
T[K] 293(2) 208(2) 208(2) 173(2) 208(2) 293(2) 208(2)
Crystal system Monoclinic Triclinic Triclinic Monoclinic Triclinic Triclinic Monoclinic
Space group C2le P—1 P—1 P2/c P—1 P-1 P2in
alA] 15.85(4) 9.63157(17) 9.6377(3) 11.2479(5) 10.3279(3) 10.2385(3) 9.2972(6)
b[A] 10.8942(15) 9.7229(3) 9.7205(3) 14.8328(8) 13.0692(3) 10.2554(2) 16.1521(8)
c[A] 12.22(3) 13.8150(3) 13.7985(9) 10.3258(6) 15.1735(3) 11.2513(4) 14.8152(9)
al] 90 75.425(3) 75.408(6) 90 96.837(3) 79.957(3) 90
B[] 106.5(3) 69.0584(17) 68.963(3) 111.157(4) 103.634(3) 72.835(3) 102.105(5)
v[] 90 60.680(3) 60.599(5) 90 105.233(2) 77.666(2) 90
VA3 2025(6) 1048.82(4) 1046.57(8) 1606.62(15) 1884.32(8) 1094.83(6) 2175.3(2)
Pealea. [g€m 7] 1.229 1.720 2.007 1.643 1.865 1.479 1.761
VA 8 2 2 4 4 2 4
Diffractometer (scan) Enraf—Nonius  Enraf—Nonius ~ Enraf—Nonius ~ Nonius CAD4T Enraf—Nonius  Enraf—Nonius  Enraf—Nonius
CAD4(0—20) CAD4(0—20) CAD4(0—26) rotatinganode = CAD4(0—-20) CAD4(6—-260) CAD4 (6—260)
(—scan)
Radiation | Mo-K, Cu-K, Cu-K, Mo-K, Cu-K, Cu-K, Cu-K,
Wavelength [A] 0.71073 1.54184 1.54184 0.71073 1.54184 1.54184 1.54184
F(000) 800 548 612 816 1028 504 1136
0 range [°] 2.64 t0 26.26 3.44 t0 69.97 3.44 10 69.97 1.94 to0 27.46 3.05 to 69.90 4.14 t0 69.95 4.10 to 70.02
Index ranges 0=h=19 —-11=h=10 —-ll=h=10 -l4=h=14 —-12=h=12 -12=h=12 —ll=h=11
0=k=13 ~11=k=0 —ll=k=11 -7=k=19 0=k=15 0=k=12 -19=k=19
-15=I=14 -l6=I1=16 -16=1=0 -13=1=13 -18=1=18 -13=1=13 -18=71=0
Range of rel. transm. fac. - 0.784/1.655 0.827/1.515 0.964/1.049 0.724/2.183 0.790/1.373 0.816/1.227
Measured reflections 2095 4231 4145 7391 7465 4410 8395
Unique reflections 2022 3977 3970 3674 7130 4159 4120
Observed refl. [lo > 26(lo)] 1252 3936 3964 2799 6975 4145 3476
Refined parameters 180 372 372 304 443 392 271
Goodness-of-fit on F2 1.166 1.135 1.144 1.023 1.117 1.123 1.051
R [lo > 25(l0)] 0.0915 0.0403 0.0309 0.0358 0.0427 0.0335 0.0674
wR2[all data] | 0.3156 0.1331 0.0847 0.0732 0.1255 0.0934 0.1920
Pgin (Max/min) [eA 0.352/-0.314 1.764/—1.463 2.103/-2.243 0.797/-0.395 3.732/-2.130 1.627/—1.125 6.529/-5.715

ine (HLp,) was obtained as a red oil by a procedure similar to that
of  N-benzyl-N-(2-pyridylmethyl)-N-(1 H-2-pyrrolylmethyl)amine
(HLg,), starting from n-butylamine instead of benzylamine. The
compound was purified by column chromatography over silica-60H
with 10% MeOH/CHCI;. Yield 0.64 g (2.63 mmol, 15.5%). —
'HNMR (200 MHz, CDCl;, 298 K): 8§ = 9.83 (s, br, 1 H,
Pyr—H1), 8.52 [d, 1 H, 3J(H,H) = 3.2 Hz, Py—H6], 7.61 (m, 1 H,
Py—H4), 7.45 (m, 1 H, Py—H3), 7.15 (m, 1 H, Py—HS5), 6.78 (m,
1 H, Pyr—HS5), 6.11 (m, 1 H, Pyr—H4), 6.01 (m, 1 H, Pyr—H3),
3.69 (s, 2 H, N—CH,—), 3.59 (s, 2 H, N—CH,—), 2.48 [t, 2 H,
3JHH) = 74Hz, N-CH,—-C3H;, 151 (m, 2 H,
N-CH,—CH,—C;,Hs), 1.31 (m, 2 H, N-C,H,— CH,—CHy3), 0.85
[t, 3 H, 3J(H,H) = 7.1 Hz, N—C3H¢—CH;]. — EI-MS [m/z (%)]:
244 [M]* (3), 186 [M — Bu]* (4), 163 [M — Py]" (39), 151 [M —
Bu — Pyr]* (84), 107 [M — Bu — Py]*, 93 [CH,Py + H]* (100).

(n*-Cycloocta-1,5-diene)[ N-(2-pyridylmethyl)- N-(1 H-2-pyr-
rolylmethyl)amine|rhodium(I) Hexafluorophosphate ([1]PF¢):
30.0 mg (0.16 mmol) of N-(2-pyridylmethyl)-N-(1H-2-pyrrolylme-
thyl)amine (HLy) was dissolved in 5 mL of MeOH and 39.5 mg
(0.08 mmol) of [{(cod)Rh(u-Cl)},] was added, and stirred at room
temp. for 1 h. Addition of 32.6 mg of NH4PF resulted in the pre-
cipitation of [(HLy)Rh'(cod)]PF¢ ([1]PFy) as a yellow solid, which
was collected by filtration, washed with small portions of water
and MeOH and was vacuum-dried. Crystals suitable for X-ray dif-
fraction were obtained by slow crystallisation from a saturated
MeOH solution at —20°C. Yield 54 mg (62%). — 'HNMR
(500 MHz, [Dglacetone, 298 K): 10.22 (s, br, 1 H, Pyr—HI), 8.10
[ddd, 1 H, 3J(H,H) = 7.83 Hz, 3J(H,H) = 7.10 Hz, *J(H,H) =
1.46 Hz, Py—H4], 7.96 [d, 1 H, 3J(H,H) = 5.88 Hz, Py—H6], 7.76
[d, 1 H, 3J(H,H) = 7.83 Hz, Py—H3], 7.54 [dd, 1 H, 3J(H,H) =
7.10 Hz, 3J(H,H) = 5.88 Hz, Py—H3], 6.80 (m, 1 H, Pyr—H5), 6.29
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(m, 1 H, Pyr—H3), 6.06 (m, 1 H, Pyr—H4), 4.99 (s, br, 1 H, NH),
4.46 (m, br, 4 H, —-HC=CH~-), 3.98 (s, 2 H, N—CH,—), 3.95 (s, 2
H, N-CH,—), 247 (m, br, 4 H, —C=C—CH, ,,), 1.98 (m, br, 4
H, —C=C—-CH, ¢n4o)- — 'HNMR (500 MHz, [Dglacetone,
193K): & = 10.65 (s, br, 1 H, Pyr—H1), 8.12 [ddd, 3J(H,H) =
7.4 Hz, 3J(H,H) = 7.4 Hz, *J(H,H) = 1.5 Hz, Py—H4], 7.98 [d, 1
H, 3J(H,H) = 5.5 Hz, Py—H6], 7.79 [d, 1 H, 3J(H,H) = 7.4 Hz,
Py—H3], 7.56 [dd, 1 H, 3J(H,H) = 7.4 Hz, 3J(H,H) = 5.5Hz,
Py—HS35], 6.87 [d, 1 H, 3J(H,H) = 1.5 Hz, Pyr—H5], 6.25 (m, 1 H,
Pyr—H3), 6.06 (m, | H, Pyr—H4), 5.16 (s, br, 1 H, NH), 4.74 (s,
br, 1 H, —HC=CH-), 4.57 {dd[AB], 1 H, 2J(H,H) = 16.0 Hz,
3J(H,H) = 4.8 Hz, N—CH,—},4.51 (s, br, 1 H, —HC=CH-), 4.30
{dd[AB], 1 H, 2J(H,H) = 16.0 Hz, 3J(H,H) = 2.9 Hz, N—CH,—},
3.95 {dd[AB], 1 H, 2J(H,H) = 14.0 Hz, 3J(H.NH) = 6.6 Hz,
N-CH,—}, 3.86 {dd[AB], 1 H, 2J(H,H) = 14.0 Hz, 3J(H,NH) =
6.6 Hz, N—CH,—}, 3.64 (s, br, | H, —HC=CH—), 2.58 (m, br, 1
H, —C=C—CHj ¢y,), 2.46 (m, br, | H, —C=C—CH, ), 2.30 (m,
br, 2 H, —C=C—CH,; <), 2.02 (m, br, 2 H, —C=C—CH; ¢yq0),
1.85 (m, br, 2 H, =C=C—CHj, ¢pg0). — *C NMR (50 MHz, [Dg]-
acetone, 298 K): & = 161.5 (Py—C2), 147.8 (Py—C6), 139. 8
(Py—C4), 124.8 (Pyr—C2), 124.0 (Py—C3), 122.9 (Py—CY5), 118.6
(Pyr—C5), 109.6 (Pyr—C4), 108.2 (Pyr—C2), 82.2 (br., C=C), 56.5
(d, 2J(C,Rh) = 4.6 Hz, N—CH,—), 47.7 (N—CH,), 29.8 (C=
C—CH,—). — FT-IR (KBr): ¥ = 3297 (NH), 1655 (C=C), 840
[(PFg)~ 1, 558 [(PF4)~]. — FAB-MS (m/z): 941 [2 M — PF4]", 398
[M — PF¢]". — CoH,sF¢N3;PRh (543.30): caled. C 42.00, H 4.64,
N 7.73; found C 41.87, H 4.46, N 7.61.

(n*-Cycloocta-1,5-diene)-| N-(2-pyridylmethyl)- N-(1 H-2-pyr-
rolylmethyl)amineliridium(I) Hexafluorophosphate (|2]PF¢): 77 mg
(0.41 mmol) of N-(2-pyridylmethyl)-N-(1H-2-pyrrolylmethyl)amine
(HLy) was added to a solution of 136 mg (0.20 mmol) of
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[{(cod)Ir'(u-CD)},] in 15 mL of MeOH/CH,Cl, (2:1), and stirred
at room temp. for 5 min. The dichloromethane was subsequently
removed from the reaction mixture under reduced pressure. After
addition of 500 mg (2.7 mmol) of KPF¢ and vigorous stirring for
a further 5 min, 2 mL of water was added and the reaction mixture
was stored at 5°C. Yellow, X-ray quality crystals of [(HLg)Ir!-
(cod)]PFs ([2]PF¢) were formed overnight. The crystals were
washed with water, ethanol, and ether in order to remove the excess
KPFs. The mother liquor was treated with water to cause further
precipitation of [2]JPF,. — '"H NMR (300 MHz, CD,Cl,, 298 K):
9.03 (s, br.,, 1 H, Pyr—H1), 8.01 (m., 2 H, Py—H4 and Py—H6),
7.61[d, 1 H, 3J(H,H) = 7.5 Hz, Py—H3], 7.43 [dd, 1 H, 3J(H,H) =
6.3 Hz, Py—HS5], 6.77 (m., 1 H, Pyr—H5), 6.17 (m., 1 H, Pyr—H3),
6.06 (m., 1 H, Pyr—H4), 491 (s, br., 1 H, NH), 4.45-4.10 (m.,
br, 2 H, —HC=CH- and 2 H, N-CH,—Py), 3.99 (s.1 H,
N—-CH,—Pyr), 3.97 (s., | H, N—CH,—Pyr), 3.83 (br., s., 2 H,
—HC=CH- ) 2.28 (m., br., 4 H, —C=C—CH,— exo), 1.79 (s., br,,
4 H, —C=C—CH,— endo). — C{'H} NMR (75 MHz, CD,Cl,,
298 K): & = 163.6 (Py—C2), 148.4 (Py—C6), 141.4 (Py—C4), 125.6
(Pyr—C2), 123.8 (Py—C3), 123.7 (Py—C5), 121.0 (Pyr—C5), 112.2
(Pyr—C4), 109.3 (Pyr—C2), 68.0 (s., br., C=C), 58.5 (N—CH,—),
50.1 (N—CH,), 31.7 (s., br., C=C—CH,—). — FAB-MS (m/z): 488
and 486 [M — PF¢]*, 408 [M — PFs — CH, — Pyr]*, 376 [M —
PFs — (cod)]". — CioH,sF¢IrN;P (632.59): caled. C 36.07, H 3.98,
N 6.64; found C 35.96, H 4.31, N 6.50.

(n*-Cycloocta-1,5-diene)[(/V-(2-pyridylmethyl)-N-(2-pyrrolato-
methyl)amine]rhodium(I) (3): 77.6 mg (0.41 mmol) of N-(2-pyridyl-
methyl)-N-(1 H-2-pyrrolylmethyl)amine (HLy) was dissolved in
10 mL of MeOH and 100.0 mg (0.20 mmol) of [{(cod)Rh(p-Cl)},]
was added, and stirred at room temp. for 1 h. Addition of a solu-
tion of 200 mg (1.89 mmol) of Na,COj3 in S mL of water resulted
in the precipitation of [(Ly " )Rh'(cod)] (3) as a yellow solid, which
was collected by filtration, washed three times with water, once with
MeOH, and vacuum dried. Crystals suitable for X-ray diffraction
were obtained by slow crystallisation from a saturated toluene solu-
tion at —20°C. Yield 90 mg (56%). — 'H-NMR: (200 MHz,
CD,Cl,, 298 K): = 8.55 [d, 1 H, 3J(H,H) = 4.1 Hz, Py—H®],
7.67 (m, 1 H, Py—H4), 7.21 (m, 2 H, Py—H3, Py—HY), 6.23 (s, 1
H, Pyr—H35), 5.92 [dd, 1 H, 3J(H,H) = 2.4 Hz, 3J(H,H) = 2.9 Hz,
Pyr—H4], 5.72 [d, 1 H, 3J(H,H) = 2.4 Hz, Pyr—H3], 4.50 (s, br, 1
H, NH), 4.12 (m, br, 4H —CH=CH-), 3.94 {dd[AB], 1 H,
2J(HH) = 149Hz, 3JHNH) = 3.09 Hz, N—CH,—}, 3.81
{(dd[AB], 1 H, 2J(HH) = 133Hz 3J(HNH) = 5.1Hz
N—-CH,—}, 3.73 {dd[AB], 1 H, 2J(H,H) = 14.9 Hz, 3J(H,NH) =
9.9 Hz, N—CH,—}, 3.50 {dd[AB], 1 H, 2J(H,H) = 13.3 Hz,
3J(H,NH) = 7.6 Hz, N—CH,—}, 2.55 (m, 2 H, —C=C—CHj, ),
2.35 (m, 2 H, =C=C—CH,; ¢x,), 2.05 (m, 2 H, —C=C—CH, ¢pgo),
1.85 (m, 2 H, —C=C—CH,; .,4,).- — After saturation of the N—H
two AB-patterns are observed for the N—CH,— groups of the li-
gand: 3.93 {d[AB], 1 H, 2J(H,H) = 14.8 Hz, N—CH}, 3.72 {d[AB],
1 H, 2J(H,H) = 14.8 Hz, N—CH}, 3.79 {d[AB], 1 H, 2J(H,H) =
13.1 Hz, N—CH}, 3.49 {d[AB], 1 H, 2J(H,H) = 13.1 Hz, N—CH}.
— IBC NMR (50 MHz, CD,Cl,, 298 K): § = 156.5 (Py—C2). 150.5
(Py—C6), 139.6 (Pyr—C2), 137.6 (Py—C4), 123.7 (Py—C3), 123.6
(Py—C5), 123.3 [d, 2J(C,Rh) = 2.6 Hz, Pyr—C5], 108.4 (Pyr—C4),
101.7 (Pyr—C3), 79.3 [d, 'J(C,Rh) = 12.3 Hz, C=C], 78.8 [d,
IJ(CLRh) = 12.6Hz, C=C], 540 (N—CH,—Pyr), 56.1
(N—CH,—Py), 32.1 (C=C—CH,), 30.6 (C=C—CH,). — FT-IR
(KBr, cm™1): ¥ = 3236 (N—H), 1654 (C=C). — FAB-MS (m/z):
398 [M + H]*, 319 [M — CH,Pyr + H]*, 288 [M — cod — H]",
209 [M — cod — CH,Pyr]*. — FD*-MS: 397 [M] *. —
Ci9H,4N;3;Rh (397.32): caled. C 57.44, H 6.09, N 10.58; found C
57.02, H 6.05, N 10.35.
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(n*-Cycloocta-1,5-diene)[(/N-(2-pyridylmethyl)- N-(2-pyrrolato-
methyl)amineliridium(I) (4): 125 mg (0.67 mmol) of N-(2-pyridyl-
methyl)-N-(1 H-2-pyrrolylmethyl)amine (HLy) (slight xs.) was ad-
ded to a suspension of 210 mg (0.31 mmol) of [{(cod)Ir'(u-Cl)},]
in 15 mL of MeOH, and stirred at room temp. for 10 min. Addition
of a solution of 200 mg (0.70 mmol) of Na,COs - 10 H,O in 2 mL
of water resulted in the precipitation of [(Ly~)Ir'(cod)] (4) as a
yellow solid, which was collected by filtration. Crystals suitable for
X-ray diffraction were obtained by slow crystallisation from a satu-
rated CH,Cl, solution at —20°C. — '"H NMR: (300 MHz, CD,Cl,,
298 K): 6 = 8.61 [d, 1 H, 3J(H,H) = 4.8 Hz, Py—H6], 7.70 [dd, 1
H, average 3J(H,H) = 7.5Hz Py—H4 ], 7.26 [dd, 1 H, average
3J(H,H) = 6 Hz, Py-H5], 7.19 [d, 1 H, 3J(H,H) = 7.5 Hz, Py—H3],
6.47[d, 1 H, 3J(H,H) = 2.4 Hz, Pyr—H5], 6.02 [dd, 1 H, 3J(H,H) =
2.4 Hz], 5.86 [d, 1 H, 3J(H,H) = 2.4 Hz, Pyr—H3], 5.25 (s., br., 1
H, N—H), 4.18 {dd[AB], | H, 2J(H,H) = 15.2 Hz, 3J(H,NH) =
2.4Hz, N-CH}, 3.95 {dd[AB], 1 H, 2J(H,H) = 13.4Hz
3J(H,NH) = 5.3 Hz, N—CH}, 3.87 (m., 2 H —CH=CH-), 3.86
{dd[AB], 1 H, 2J(H,H) = 15 Hz, 3J(H,NH) = 10.2 Hz, N—CH},
3.73 (m., 2 H, —CH=CH-), 3.58 {dd[AB], 1 H, 2J(H,H) =
13.4Hz, 3J(HNH) = 7.0Hz, N—CH}, 2.29 (m., 2 H, —C=
C—CH,; o), 2.14 (m., 2 H, —C=C—CHj, ¢y,), 1.82 (m., 2 H, —C=
C—CHj; ¢nao)» 1.48 (m., 2 H, =C=C—CH, ¢pgo). — *C{'H} NMR
(75 MHz, CD,Cl,, 298 K): 6 = 156.2 (Py—C2). 150.6 (Py—C6),
142.0 (Pyr—C2), 137.8 (Py—C4), 123.8 (Py—C3), 123.5 (Py—C5
and Pyr—C5), 109.8 (Pyr—C4), 101.7 (Pyr—C3), 62.3 (C=C), 61.5
(C=C), 553 (N—-CH,—Pyr), 57.0 (N—CH,—Py), 33.1 (C=
C—CH,), 31.1 (C=C—CH,). — FAB-MS (m/z): 488 and 486 [M +
H]*, 407 [M — Py]*, 376 [M — cod — H]". — C;oH,4N;Ir (486.64):
caled. C 46.90, H 4.97, N 8.63; found C 47.17, H 4.72, N 8.31.

(n*-Cycloocta-1,5-diene)[ N-benzyl-N-(2-pyridylmethyl)-/N-(2-pyr-
rolatomethyl)amine]-rhodium(I) (5): To 50 mL of methanol 200 mg
Na,COs; (18 mmol) in 2 mL of water and 400 mg (1.449 mmol) of
N-benzyl-N-(2-pyridylmethyl)- N-(1 H-2-pyrrolylmethyl)amine
(HLg,;) was added. The suspension was stirred for 15 min and sub-
sequently 350 mg (0.71 mmol) of [{(cod)Rh(p-Cl)},] was added.
The mixture was stirred for 2 h at room temp. and placed at —20°C
for 10 h. The resulting precipitate was collected by filtration and
the yellow residue was washed three times with 5 mL of a mixture
of water and MeOH (1:1), subsequently dissolved in 10 mL of
CH,Cl, and filtered. The yellow filtrate was evaporated under vac-
uum to yield [(Lg, )Rh'(cod)] (5) as a yellow powder. Crystals
suitable for X-ray diffraction were obtained by crystallisation from
a hot saturated solution of 5 in toluene. Yield 388 mg (55%). —
'H NMR (200 MHz, CD,Cl,, 298 K): § = 9.25 [d, 1 H, Py—HG6,
3J(H,H) = 4.7 Hz], 7.72—7.35 (m, 6 H, Ph—H, Py—H4), 7.25 (m,
1 H, Py—H5), 7.13 [d, 1 H, 3J(H,H) = 7.6 Hz, Py—H3], 6.34 (s,
br, 1 H, Pyr—HS5), 5.76 [t, 1 H, 3J(H,H) = 2.49 Hz, Pyr—H4], 5.64
(s, br, 1 H, Pyr—H3), 4.84 {d[AB], 1 H, 2J(H,H) = 13.7Hz,

N-CH,-Ph}, 4.66 {d[AB, | H, 2JHH) = 13.7Hz,
N-CH,-Ph}, 4.0l {d[AB], | H, 2J(HH) 14.1 Hz,
N-CH,-Py}, 4.00 {d[AB], 1 H, 2JHH) 15.0 Hz,

N-CH,—Pyr}, 3.91 (m, 2 H, —-CH=CH-), 3.54 {d[AB], | H,
2J(H,H) = 14.1 Hz, N—CH,—Py}, 3.37 (m, 2 H, —CH=CH-),
3.16 {d[AB], 1 H, 2J(H,H) = 15.0 Hz, N—CH,—Pyr}, 2.42 (m, 4
H, C=C—CH, o), 1.73 (m, 4 H, C=C—CH, enao). — '*C{'H}
NMR (75 MHz, CD,Cl,, 298 K): & = 159.0 (Py—C2), 151.7
(Py—C6), 138.3 (Pyr—C2), 137.4 (Py—C4), 135.0 (Ph—Cl), 132.21
(Ph—C2), 129.1 (Ph—C3), 128.7 (Ph—C4), 125.3 (Pyr—C5), 124.1
(Py—C5), 123.8 (Py—C3), 107.3 (Pyr—C4), 103.3 (Pyr—C3), 76.0
(br, C=C), 62.5 (N—CH,—Ph), 60.25 (N—CH,—Pyr), 56.90
(N—CH,—Py), 31.9 (C=C—CH,—-), 31.7 (C=C—CH,—). — FAB-
MS (mlz): 488 [M + H]*, 409 [M — Py]*, 396 [M — CH,Py +
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HJ*, 211 [Rh(cod)]*. — CheH3N3Rh (487.44): caled. C 64.07, H
6.20, N 8.62; found C 64.49, H 6.29, N 8.33.

(n*-Cycloocta-1,5-diene)[ N-benzyl- N-(2-pyridylmethyl)- N-(2-pyr-
rolatomethyl)amineliridium(I) (6): To a suspension of 250 mg (0.37
mmol) of [{(cod)Ir(p-Cl)},] in 10 mL of MeOH 210 mg ( 0.76
mmol) of N-benzyl-N-(2-pyridylmethyl)-N-(1 H-2-pyrrolylmethyl)-
amine (HLg,) was added. The reaction mixture was stirred for 15
min and subsequently 500 mg (1.75 mmol) of Na,COs - 10 H,O in
3mL of water was added. The resulting precipitate was collected
by filtration and the yellow residue was dried in vacuo to yield
[(Lg;)Ir'(cod)] (6) as a yellow powder. Crystals suitable for X-ray
diffraction were obtained by crystallisation from a hot saturated
solution of 6 in toluene. — 'H NMR (300 MHz, CD,Cl,, 298 K):
§ = 924 [d, 1 H, Py—He6, 3J(HH) = 44Hz], 7.58 [dt, 1 H,
3J(H,H) = 7.68 Hz, J(H,H) = 1.74 Hz, Py—H4], 7.45 (m., 5 H, Ph
), 7.19 [t, 1 H, average 3J(H,H) = 6.4 Hz, Py—HS5], 7.05 [d, 1 H,
3J(H,H) = 7.8 Hz], 6.51 (m., br., 1 H, Pyr—H5), 5.78 [t, 1 H,
3J(H,H) = 2.6 Hz, Pyr—H4], 5.73 (s., br., 1 H, Pyr—H3), 4.93
{d[AB], 1 H, 2J(H,H) = 14.0 Hz, N—CH,—Ph}, 4.85 {d[AB], 1 H,
2J(H,H) = 14.0 Hz, N—CH,—Ph}, 4.17 {d[AB], 1 H, 2J(H,H) =
15.1 Hz, N—CH,—Pyr}, 3.95 {d[AB], 1 H, 2J(H,H) = 14.5 Hz,
N-CH,-Py}, 3.73 {d[AB], | H, 2JHH) = 153Hz
N—-CH,—Pyr}, 347 (m., 2 H, —CH=CH-), 3.03 {d[AB], 1 H,
2J(H,H) = 14.3 Hz, N—CH,—Py}, 2.84 (m., 2 H, —-CH=CH-),
2.23 (m., 4 H, C=C—CHj, ¢y,), 1.49 (m., 4 H, C=C—CH, .pq0)- —
BC{'H} NMR (75 MHz, CD,Cl,, 298 K): § = 160.5 (Py—C2),
152.8 (Py—C6), 140.3 (Pyr—C2), 137.4 (Py—C4), 134.8 (Ph—Cl),
132.1 (Ph—C2), 129.2 (Ph—C3), 129.0 (Ph—C4), 124.6 (Pyr—C5
and Py—C5), 123.3 (Py—C3), 107.6 (Pyr—C4), 102.8 (Pyr—C3),
640 and 620 (N—-CH,—Ph and N-CH,-Pyr), 56.20
(N—-CH,—Py), 55.7 (br., C=C) 33.3 (C=C-CH,—), 33.0 (C=
C—CH,—). — FAB-MS (m/z): 576 and 574 [M — H]*, 499 [M —
Ph]*. Cy6H30IrN; (576.73): caled. C 54.14, H 5.24, N 7.29; found
C 54.11, H 5.08, N 7.12.

(n*-Cycloocta-1,5-diene)[ N-butyl-/N-(2-pyridylmethyl)- N-(2-pyr-
rolatomethyl)amine|rhodium(I) (7): [(N-Butyl-N-(2-pyridylmethyl)-
N-(2-pyrrolatomethyl)amine)Rh'(cod)] (7) was prepared by a
method similar to the preparation of [(Lg,~)Rh'(cod)] (5), starting
from N-butyl-N-(2-pyridylmethyl)-N-(1 H-2-pyrrolylmethyl)amine
(HLg,). — "H NMR (200 MHz, CDCls, 298 K): 6 = 9.10 [d, 1 H,
Py—H6, 3J(H,H) = 5.0 Hz], 7.60 (m, 1 H, Py—H4), 7.17—7.32 (m,
2 H, Py—H3, Py—HY), 6.34 (s, br, 1 H, Pyr—HS5), 599 (m, 1 H,
Pyr—H4), 5.73 (s, br, 1 H, Pyr—H3), 3.95-3.80 (m, 4 H,
N—CH,—Py, —-HC=CH-), 3.75 {d[AB], | H, 2J(H,H) = 13.8 Hz,
N-CH,—Pyr}, 3.51 {d[AB], 1 H, 2JHH) = 14.1Hz
N-CH,—Pyr}, 3.40 (m, 2 H, -CH=CH~-), 3.37 (m, 2 H, —CH=
CH-), 3.23 [dt, 1 H, 2J(H,H) = 12.0 Hz, *J(H,H) = 4.2 Hz,
N—-CH,—C3Hy], 3.04 [dt, 1 H, 2J(H,H) = 12.0 Hz, 3J(H,H) =
4.2 Hz, N—CH,—CsH7], 2.31 (m, 4 H, C=C—CH, &), 1.88 (m, 2
H, N-CH,-CH,-CHs), 171 (m, 4 H, C=C-
CHb ¢ndo), 1.40 (m, 2 H, N—C,H,— CH,—CHs), 0.9 [t, 3J(H,H) =
7.2 Hz, 3 H, N—C3H4—CHs]. — FAB-MS (m/z): 454 [M + H]*,
409 [M—Py]*, 375 [M — Py]*, 211 [Rh(cod)]*. — C»;H3,N;Rh
(453.43): caled. C 60. 79, H 7.32, N 9.25; found C 60.88, H 7.04,
N 9.39.

Polymerisation of Phenylacetylene: 0.82 g of Phenylacetylene was
dissolved in 20 mL of MeOH. 5 mg of catalyst [(Lg,)Rh!(cod)]
(5) was added to this solution. Almost immediate formation of po-
ly(phenylacetylene) as a yellow/orange precipitate can be observed,
and a gradual colour change of the solution from pale yellow to
deep red. After 20 min the poly(phenylacetylene) precipitate was
collected by filtration, washed with MeOH and dried under vac-
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uum. Yield 0.20 g (24%). — IR (KBr): ¥ = 3053, 1596, 1488, 1444,
1073, 1028, 884, 756, 737, 696 cm~!. — 'HNMR (200 MHz,
CDCl3, 298 K): & = 6.98 (s, br. Ph), 6.67 (m, br., Ph), 5.86 (s, br.,
vinyl). — GPC analysis (polystyrene standard): M,, = 14000, M,, =
65000, M, = 137000, M/M,, = 4.7, M,/M,, = 2.1, [n]g, = 0.292.
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