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2-Rhodaoxetanes: Their Formation of Oxidation of [Rh'(ethene)]™ and
Their Reactivity upon Protonation
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Jan M. M. Smits, and Anton W. Gal*/?

Abstract: New cationic, pentacoordi-
nate complexes [(TPA)Rh!(ethene)]*,
[1a]*, and [(MeTPA)Rh!(ethene)]*,
[1b]*, have been prepared (TPA=
N,N,N-tri(2-pyridylmethyl)amine,
MeTPA = N-[(6-methyl-2-pyridyl)-
methyl]-N,N-di(2-pyridylmethyl)amine).
Complex [1a]" is selectively converted
by aqueous HCl to [(TPA)Rh™-
(ethyl)CI]*, [2a]*. The same reaction
with [1b]* results in the [(MeTPA)Rh!-
(ethyl)Cl]* isomers [2b]* and [2¢]*.
Treatment of [la]® and [1b]* with
aqueous H,O, results in a selective
oxygenation to the unsubstituted 2-rho-
da(umoxetanes (1-oxa-2-rhoda(i)cyclo-
butanes) [(TPA)Rh™(x2-C,0-2-0xy-
ethyl)]*, [3a]*, and [(MeTPA)Rh™(x>2-
C,0-2-oxyethyl)]*, [3b]*. The reactivity

dominated by the nucleophilic character
of their 2-oxyethyl oxygen. Reaction of
[3a]* and [3b]* with the non-coordinat-
ing acid HBArY, results in the
dicationic protonated 2-rhodaoxetanes
[(TPA)Rh"™(x2-2-hydroxyethyl) ]**,
[4a]**, and [ (MeTPA)RIh"(x?-2-hydroxy-
ethyl) ]+, [4b]**. These eliminate acet-
aldehyde at room temperature, proba-
bly via a coordinatively unsaturated «!-
2-hydroxyethyl complex. In acetonitrile,
complex [4a]** is stabilised as [(TPA)-
Rh"(x!-2-hydroxyethyl)(MeCN) >+,
[Sa]**, whereas the MeTPA analogue
[4b]** continues to eliminate acetalde-
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hyde. Reaction of [3a]* with NH,Cl and
Mel results in the coordinatively satu-
rated complexes [(TPA)RhM(x!-2-hy-
droxyethyl)(Cl)]*, [6a]", and [(TPA)-
Rh"(x!-2-methoxyethyl)(I)]*, [7a]*, re-
spectively. Reaction of [3a]" with NH,*
in MeCN results in formation of the
dicationic metallacyclic amide [(TPA)-
Rh™{x2-0O,C-2-(acetylamino)ethyl}]**,
[9]*, via the intermediates [4a]>**, [Sa]**
and the metallacyclic iminoester
[(TPA)Rh™x2-N,C-2-(acetimidoyloxy)-
ethyl}]>*, [8]**. The observed overall
conversion of the [Rh!(ethene)] com-
plex [1a]™ to the metallacyclic amide
[9]* via 2-thodaoxetane [3a]*, provides
a new route for the amidation of a
[Rh!(ethene)] fragment.

of 2-rhodaoxetanes [3a]" and [3b]" is

Introduction

2-Metallaoxetanes (1-oxa-2-metallacyclobutanes) have been
proposed as intermediates in a number of synthetic conver-
sions, such as the Mn-catalysed (asymmetric) epoxidation of
olefinst!l and other epoxidation reactions,” stoichiometric and
catalytic dihydroxylation of olefins by KMnO,, CrO,Cl, and
0Os0,,P! Rh-catalysed catalytic rearrangement of epoxides to
ketones,[¥ and Rh-catalysed asymmetric hydrogenolysis of
epoxides.P!

There have been no direct observations of 2-metallaox-
etane intermediates in any of these reactions; mechanistic
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proposals have all been based on indirect evidence (e.g.
kinetics). Reports on the reactivity of 2-metallaoxetanes are
scarce and little is known about the properties of these
strained four-membered metallacycles. The few isolated
2-metallaoxetanes are stabilised by various substituents.[® 7]
Consequently, it is difficult to deduce the intrinsic reactivity of
the unsubstituted 2-metallaoxetane core of these examples.
Previous results with phosphane-stabilised 2-rhodaoxetanes
suggested that substituents at the S-position are required to
prevent B-hydrogen elimination.[®!

We now describe the synthesis and reactivity of unsubsti-
tuted 2-rhoda(ioxetanes obtained as isolable compounds by
the selective oxygenation of nucleophilic cationic rhodium()-
ethene complexes of the tetradentate N-ligands TPA (N,N,N-
tri(2-pyridylmethyl)amine) and MeTPA (N-[(6-methyl-2-pyr-
idyl)methyl]-N,N-di(2-pyridylmethyl)amine).

The reactivity of the obtained unsubstituted 2-rhodaoxe-
tanes is mainly determined by the nucleophilic character of
the 2-rhodaoxetane oxygen. Part of this work has already
been communicated.!
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Results and Discussion

Synthesis of the ethene complexes

We synthesised the ethene complexes [(TPA)Rh!(ethene)]*,
[1a]*, and [(MeTPA)Rh!(ethene)]t, [1b]*, by the route
shown in Scheme 1. [{(C,H,),Rh(u-Cl)},] was stirred with TPA
or MeTPA in MeOH at —78°C to afford [1a]Cl and [1b]Cl,
respectively. Cations [la]® and [1b]* were isolated as
[1a]BF,, [1a]PF, and [1b]BPh, by precipitation with NaBF,,
KPF, and NaBPh,, respectively.

_l + CF
((@R [{(C,H,),Rh-u-Cl},] (@j\ﬂ
N s>

- >
(- N gn”
/_(3 MeOH, -78°C @/ R

h
N

ya
TPA: R=H [1a]*: R=H
MeTPA: R=CH, [1b]*: R=CH,

Scheme 1. Preparation of Rh!(ethene) complexes [1a]* and [1b]*.

The structure of [1b]BPh, was determined by single-crystal
X-ray diffraction (Figure 1). Selected bond lengths and angles
are given in Tables 1 and 2.

Figure 1. X-ray structure of ethene complex [1b]*.

Table 1. Selected bond lengths [A] of the synthesised complexes.[

The X-ray structure clearly reveals the pseudo trigonal-
bipyramidal geometry of [1b]*. The equatorial positions are
occupied by the 6-methylpyridyl nitrogen (Npy.y), the amine
nitrogen (N,i..) and the ethene ligand; the axial positions by
the two pyridyl nitrogens (Npy).

The shortest Rh—N bond lengths are Rh1-N1 (2.019(7) A)
and Rh1-N2 (2.021(6) A). The Rh—N,,.. bond length
(Rh1-N3) is 2.175(6) A. The longest Rh—N bond length
is Npyve, Rh1-N4: 2.257(7) A; this probably reflects a
weakening of the Rh—N interaction as a result of steric
hindrance upon introduction of a methyl group at the
6 position of the 2-pyridyl.l"*-121

The theoretical and experimental results reported by Rossi
and Hoffmann indicate that for d®metals in a trigonal
bipyramid, the strongest o-donor ligand prefers the axial
position while the & ligands prefer parallel coordination in the
equatorial plane.[¥ The arrangement of the ligands in [1b]* is
in good agreement with these results.

The Rh—C bond lengths in [1b]* are rather short (Rh—C1:
2.074(10) A, Rh—C2:2.086(9) A) compared to those reported
for other [Rh'(ethene)] complexes (range found in the
Cambridge Structural Database, Rh—C: 2.084-2.226 A).

The 'H and *C NMR data of [1a]* show one unique, and
two equivalent pyridyl fragments. The two equivalent pyridyl
fragments reflect an effective mirror plane through N, ..., the
ethene fragment and the unique pyridyl fragment. The
chemical shifts of the pyridyl fragments indicate that the
structure of [1a]* in solution is Ave-coordinate. The 'H NMR
Py-H6 signals are diagnostic: the Py-H6 signal for the unique
pyridyl fragment (6=9.4) has shifted 0.9 ppm downfield
relative to the free ligand (0 =8.5) as a result of coordination
to the cationic rhodium centre. The signal for the two
equivalent pyridyl fragments (0 =8.2) has shifted 0.3 ppm
upfield as a result of the anisotropic shielding effect of the
coordinated ethene fragment. The diastereotopic protons of
the two equivalent N-CH,-Py groups give rise to an AB-type
pattern. The methylene group connected to the unique pyridyl
gives rise to a singlet. The NMR spectra of [1b]" are similar to
those of [1a]" and show two equivalent axial pyridyl frag-
ments and one equatorial 6-methylpyridyl fragment, which is
in agreement with the X-ray structure.

[1b]* [2bA]* [2b®]* [2¢]* [3bAT* [3b*]* [6a]* (8] [9]*
N1-Rh1 2.019(7) 2.00(2) 1.97(3) 2.041(3) 2.045(10) 2.033(9) 2.034(7) 2.025(10) 2.034(4)
N2-Rh1 2.021(6) 2.00(2) 1.98(3) 2.099(3) 2.021(6) 2.019(8) 2.041(8) 2.065(10) 2.048(4)
N3-Rh1 2.175(6) 2.00(2) 2.103(19) 2.050(3) 2.140(8) 2.124(8) 2.091(7) 2.137(10) 2.142(3)
N4-Rh1 2.257(7) 2371(17) 2.373(19) 2.182(3) 2.132(10) 2.079(13) 2.044(8) 2.048(10) 2.007(4)
N5-Rh1 - - - - - - - 2.055(12) -
C1-Rh1 2.074(10) 1.99(5) 2.078(18) 2.107(4) 2.070(7) 2.075(8) 2.194(9) 2.043(12) 2.063(5)
C2-Rhl 2.086(9) - - - 2.564(7) 2.542(10) - - -
O1-Rh1 - - - - 2.000(5) 2.013(6) - - 2.051(3)
CI1-Rh1 - 2.365(6) 2.362(6) 2.3634(10) - - 2.385(4) - -
cl-c2 1.445(16) 1.51(5) 1.52(3) 1.486(6) 1.514(11) 1.49(2) 1.62(3) 1.473(17) 1.496(9)
2-01 - - - - 1.446(10) 1.435(14) 1.67(3) 1.450(17) -
C2-N5 - - - - - - - - 1.443(7)
3-01 - - - - - - - 1.374(17) 1.261(5)
C3-N5 - - - - - - - 1.245(19) 1.319(6)
C3-C4 - - - - - - - 1.51(2) 1.487(6)

[a] For atom labelling see Figures 1, 2, 3, 5 and 6. Superscripts # and ® distinguish independent cations in the unit cell.
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Table 2. Selected bond angles and torsion angles [°] in the synthesised complexes.[?!
(1b]’ (2b*] (2b"]* [2¢]’ [3bA)" [3b"]* [6a]’ (8] [9F

N1-Rh1-N2 164.5(2) 164.8(7) 163.5(9) 163.61(12) 163.5(3) 165.6(3) 164.3(3) 164.4(4) 164.1(1)
N1-Rh1-N3 81.3(2) 84.6(7) 82.1(7) 83.21(11) 80.6(4) 81.3(4) 82.6(3) 82.1(5) 82.2(1)
N1-Rh1-N4 93.0(2) 81.1(8) 79.6(8) 84.60(12) 98.4(4) 94.0(5) 87.7(3) 91.2(4) 91.4(1)
N1-Rh1-N5 - - - - - - - 90.7(5) -
N2-Rh1-N3 83.3(2) 81.0(7) 81.4(9) 80.54(12) 83.6(3) 84.4(4) 81.9(3) 82.4(5) 82.4(1)
N2-Rh1-N4 84.4(2) 101.5(8) 99.3(8) 95.18(12) 83.7(4) 85.4(4) 92.8(3) 88.2(4) 90.9(2)
N2-Rh1-N5 - - - - - - - 88.3(5) -
N3-Rh1-N4 76.8(3) 82.0(8) 81.4(8) 82.23(11) 81.1(4) 81.8(4) 82.9(3) 82.3(4) 82.8(1)
N3-Rh1-N5 - - - - - - - 92.0(5) -
N4-Rh1-N5 - - - - - - - 173.6(5) -
Rh1-C1-C2 70.1(5) 116(2) 113.4(17) 115.2(3) 90.0(5) 89.4(6) 103.5(12) 115.0(9) 111.7(4)
C1-C2-Rh1 69.2(6) - - - 53.8(4) 54.7(4) - - -
C1-Rh1-C2 40.6(5) - - - 36.2(3) 35.9(4) - - -
C1-C2-01 - - - - 104.6(6) 106.4(7) 102.3(19) 116.0(13) -
C1-C2-N5 - - - - - - - - 114.5(5)
C2-O1-Rhl - - - - 94.8(4) 93.5(6) - - -
C1-Rh1-O1 - - - - 70.3(3) 70.0(4) - - 91.1(2)
C2-Rh1-0O1 - - - - 34.2(3) 34.3(4) - - -
O1-C2-Rhl - - - - 51.0(3) 52.2(4) - - -
C2-01-C3 - - - - - - - 118.1(13) -
C2-N5-C3 - - - - - - - - 124.9(5)
C3-N5-Rhl - - - - - - - 129.8(13) -
C3-O1-Rhl - - - - - - - - 126.8(3)
N5-Rh1-C1 - - - - - - - 87.8(5) -
C1-Rh1-Cll - 87.8(8) 83.8(6) 85.76(11) - - 93.9(3) - -
N5-C3-0O1 - - - - - - - 126.3(18) 121.4(5)
N5-C3-C4 - - - - - - - 125.7(16) 119.7(5)
01-C3-C4 - - - - - - - 108.0(17) 118.9(4)
C1-Rh1-N1 97.1(3) 91.6(10) 94.009) 89.03(14) 96.4(4) 96.3(4) 97.3(3) 96.2(5) 97.1(2)
C1-Rh1-N2 96.9(3) 84.4(10) 86.4(9) 90.69(14) 98.1(3) 97.3(4) 98.4(3) 99.4(5) 98.3(2)
C1-Rh1-N3 158.3(4) 92.3(10) 96.2(8) 96.22(13) 167.7(3) 166.6(4) 175.7(3) 178.2(5) 179.0(2)
C1-Rh1-N4 124.8(4) 171.1(9) 173.4(8) 173.58(13) 111.2(4) 111.6(5) 92.8(3) 98.0(5) 96.4(2)
C1-Rh1-N5 - - - - - - - 87.8(5) -
O1-Rh1-N1 - - - - 85.9(3) 90.6(3) - - 88.8(1)
O1-Rh1-N2 - - - - 91.5(3) 89.6(3) - - 86.9(1)
O1-Rh1-N3 - - - - 97.6(3) 96.8(3) - - 89.6(1)
O1-Rh1-N4 - - - - 175.2(4) 174.9(4) - - 172.4(1)
Cl1-Rh1-N1 - 97.2(5) 97.1(5) 91.66(9) - - 91.7(3) - -
Cl1-Rh1-N2 - 97.2(6) 99.4(8) 104.66(9) - - 86.0(2) - -
Cl1-Rh1-N3 - 178.2(6) 179.2(6) 174.45(8) - - 90.4(2) - -
Cl1-Rh1-N4 - 98.0(5) 98.6(6) 95.23(8) - - 173.27(19) - -
C2-Rh1-N1 92.5(3) - - - - - - - -
C2-Rh1-N2 93.8(3) - - - - - - - -
C2-Rh1-N3 117.7(4) - - - - - - - -
C2-Rh1-N4 165.1(4) - - - - - - - -
Rh1-N3-C31-C32 —44.0(6) 36(2) —38(3) —34.5(4) —42.0(8) —43.109) —39.2(8) 39.8(13) —38.3(4)
Rh1-N3-C41-C42 42.5(6) —35.8(19) 31(4) 41.4(3) 36.2(9) 37.8(8) 37.6(8) —35.1(13) 33.7(6)
Rh1-N3-C5-C6 —13.0(8) —33(3) 40(3) 27.3(4) —27.1(9) —19.5(12) 12.1(8) 7.0(14) —5.4(5)
N3-C31-C32-N1 37.5(8) —28(3) 30(3) 30.4(5) 31.5(12) 34.8(12) 32.7(11) —32.1(17) 27.7(6)
N3-C41-C42-N2 —40.9(8) 22(2) —21(5) —25.7(5) —36.0(12) —32.1(10) —27.6(12) 30.0(18) —25.3(7)
N3-C5-C6-N4 16.2(9) 49(3) —58(4) —33.8(4) 33.2(13) 27.2(16) —16.0(11) —52(19) 5.6(7)

[a] For atom labelling see Figures 1, 2, 3, 5 and 6. Superscripts # and B distinguish independent cations in the unit cell.

Intramolecular exchange of donor atoms is known to
proceed very rapidly in five-coordinate Rh' complexes.
Therefore, it is remarkable that the axial and equatorial
pyridyl groups in [1a]* do not exchange on the NMR time
scale at room temperature. In both the 'H and *C NMR
spectra of [1a]" at 298 K, the ethene fragment is observed as
two broad signals. At 263 K the ethene rotation is frozen out,
and the two inequivalent =CH, fragments are observed as two
pseudo double-triplets in the 'H NMR spectrum and two
doublets in the 3C NMR spectrum.
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Reactivity of the ethene complexes

We studied the reactivity of the ethene complexes towards
aqueous HCI and aqueous H,O,. Protonation of [1a]* by HCI
results in the formation of [(TPA)Rh!"(ethyl)(Cl)]*, [2a]*.
The analogous reaction of [1b]* yields isomer [2b]* or [2¢]*,
depending on the reaction conditions. Oxidation of [la]*
and [1b]" with aqueous H,O, results in the selective
formation of 2-rhoda(ioxetanes [3a]™ and [3b]", respec-
tively (Scheme 2).
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Scheme 2. Reaction of [1a]* and [1b]* with aqueous HCI and aqueous H,0,.

Protonation to ethyl complexes: The reaction of the ethene
complex [1a]Cl (prepared in situ) with HCIl in MeOH results
in the formation of [(TPA)Rh!"(ethyl)(Cl)]Cl, [2a]Cl. Com-
pound [2a]* was precipitated as its PF,~ salt by the addition of
KPF;. The reaction of [1b]Cl with HCl results in two isomeric
ethyl-chloro complexes; either the symmetric [2b]Cl, or the
asymmetric [2¢]Cl is formed, depending on the reaction
conditions. Symmetric [2b]Cl was obtained by the addition of
a high concentration of HCl to a solution of [1b]Cl at —78°C
followed by slow warming to room temperature; the asym-
metric isomer [2¢]Cl was obtained by the addition of a lower
concentration of HCI to a solution of [1b]Cl at —78°C
followed by a faster warming to room temperature. The BPh,~
salts [2b]BPh, and [2¢]BPh, were isolated by precipitation
with NaBPh,. (Scheme 2).

The above results clearly demonstrate the nucleophilic
character of the cationic [Rh!(ethene)] species [la]* and
[1b]*. Although protonation of neutral [Rhi(ethene)] and
[Ir'(ethene)] complexes to give the M —ethyl species has
been reported previously,'¥! the protonation of cationic
[Rh!(ethene)] complexes is unprecedented. As shown by
'H NMR, the ethene fragment in [1a]BF, is also protonated
upon treatment with HBF, - (OEt,), in CH,CL,. This indicates
that the protonation does not require a coordinating anion or
a coordinating solvent.

The structures of isomers [2b]BPh, and [2¢]BPh, were
determined by single-crystal X-ray diffraction (Figure 2 and
Figure 3). For [2b]*, two independent cations, [2bA]* and
[2b®]*, are found per unit cell. Selected bond lengths and
angles are given in Tables 1 and 2.

The X-ray structures of isomers [2b]" and [2¢]* show that
both are pseudo-octahedral and confirm that the observed
isomerism results from the exchange of positions by Py and
PyMe and not by chloride and ethyl. In the X-ray structure of
[2¢]", the longest Rh—Nj, bond length is observed for the N,
which lies trans to the ethyl group (Rh1-N4:2.182(3) A). This
reflects the high trans influence of the ethyl fragment. In the
lower quality X-ray structure of [2b]*, the corresponding
Rh—N, . bond length trans to ethyl seems to be even
longer([2bA]*: Rh1-N4: 2.371(17) A; [2b®]*: Rh1-N4:
2.373(19) A). The elongation of the Rh—N4 bond and the
increased puckering of the -Rh1-N3-C5-C6-N4- chelate ring
from [2¢]* to [2b]*,(as a result of torsion around the N3—C5
and C5—C6 bonds, see Table 2) seem to reflect an increased
steric hinderance of the Rh—N4 interaction upon substitution
of Npy by Npyye (vide supra).'®'2 Rh—N bond lengths of
N-donors trans to ethyl in (N ligand) —- Rh™ - ethyl complexes,

Chem. Eur. J. 2000, 6, No. 1
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had so far been observed in the
range 2.207-2.256 A5l The
'H NMR spectra of [2a]" and
N ”—L(NQD [2[})]+ (Scheme 2) .show one

—Rh unique and two equivalent pyr-
idyl fragments, in accordance
with the X-ray structure of
[2b]*. The NMR data for the
ethyl fragments of [2a]*, [2b]*
and [2¢]*t are given in Tables 3
and 4. In the 'H NOESY

[3a]*: R=H
[3b]*: R=CH,

Figure 2. X-ray structures of symmetric ethyl—chloro complex [2bA]*
(top) and asymmetric ethyl-chloro complex [2¢]* (bottom).

Figure 3. X-ray structure of 2-rhoda(i)oxetane [3b]*.

spectrum of [2a]", a clear NOE contact is observed between
the methylene protons of the ethyl fragment and the nearby
axial methylene protons (one of the two AB-type doublets) of
the two equivalent N-CH,-Py fragments, in accordance with a
trans orientation of the ethyl group and the unique pyridyl
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fragment. The 'H NMR spectrum of asymmetric isomer [2¢]*
shows three AB-type signals for the three N-CH,-Py meth-
ylene groups, in accordance with the X-ray structure (Fig-
ure 2). The protons of the Rh-ethyl fragment give rise to a
triplet at 6 =0.56 and two multiplets at 6 =2.56 and 0 =2.79,
for the methyl fragment and the two diastereotopic methylene
protons, respectively (Table 3).

Table 3. '"H NMR chemical shifts and coupling constants of the Rh-CH,-CH,-Y

Table 4. 3C NMR chemical shifts and coupling constants of the Rh-CH,-
CH,-Y fragments.

Solvent Y O(Rh-CH,-) O(-CH,-Y-) YJ(C,Rh) 2J(C,Rh)

[£02Hz] [£0.2 Hz]
[2a]* [Dglacetone H 154 16.9 21.9 0
[2b]* CD,Cl, H 209 17.8 23.6 0
[2¢]* CD,Cl, H 175 17.8 20.4 0
[3a]* [Dglacetone O 1.3 78.7 18.4 4.0
[3b]* [Dglacetone O 2.5 80.6 18.0 42
[6a]" [DJDMSO O 344 64.6 25.0 0
[7a]* CD,Cl, O 263 79.8 25.0 0
[8]** [D¢JDMSO O 284 71.8 26.6 0
[9P* [DJDMSO N 333 415 27.7 0

doublets of triplets as a result of thodium coupling. The -Rh-
CHS,- signals in 'TH NMR and *C NMR appear significantly
upfield compared to those for the ethyl compounds [2a]-

fragments.
Solvent Y O(Rh-CH,-) O(-CH,-Y-) S3J(HH) 2J(Rh,H)
(£02Hz) (£0.2Hz)
[2a]* [D¢lacetone H 2.71 0.61 7.4 2.7
[2b]* CD,Cl, H 271 0.36 7.4 2.7
[2¢]* CD,Cl, H 279,256 0.56 7.4 unclear
[3a]* CD,Cl, O 225 4.98 7.5 24
[DgJacetone 2.35 4.97 7.5 2.5
[3b]* CD,Cl, O 235 4.80 7.6 2.6
[DgJacetone 2.45 4.87 7.5 2.6
[4a]*+ CD;CN O 295 5.38 8.1 2.1
[4b]** CD,Cl, O 3.09 5.16 8.1 2.1
CD;CN 3.12 5.21 8.1 24
[Sa-D;]** CD;CN O 323 4.01 7.5 2.6
[6a]* CD,(Cl, O 318 3.96 53 2.6
[DgJacetone 3.35 4.03 6.2 2.6
CD;CN 3.16 3.98 7.9 2.6
[Dg]DMSO 3.13 3.96 8.2 2.6
7al* CD,Cl, O 328 4.08 6.3 2.9
8]+ CD;CN O 338 4.26 5.6 2.7
9]+ CD;CN N 347 323 5.9 24
10]* [DgJacetone O  3.16 3.57 5.6 2.7

A feasible mechanism for formation of the Rh™—ethyl -
chloro complexes would be the formation of a [Rh'(ethyl)]
fragment by direct protonation at the ethene fragment,'®l in
accordance with significant rhoda(iin)-cyclopropane character
of the Rh!(ethene) fragment. An alternative mechanism
would be the protonation of the Rh! centre to give a Rh!!-
hydride species. Subsequent migratory insertion of ethene
into the Rh—H bond would then result in the formation of
[2a]*, [2b]* and [2¢]*. Precedents for the protonation of Rh!
and Ir! sites to Rh™—H and Ir''- H sites (some in equilibrium
with M —ethyl species) are known.['”] The two isomers [2b]*
and [2¢]* could result from the protonation of a symmetric
and an asymmetric isomer of the ethene complex [1b]*.

Oxygenation to 2-rhodaoxetanes: The reaction of ethene
complex [1a]PF, with an excess of aqueous H,0, (35%) in
MeOH at —10°C resulted in the immediate selective oxy-
genation to 2-rhodaoxetane [3a]PF, (Scheme 2). The BPh,~
salt [3a]BPh, was obtained by in situ oxidation of [1a]CI (vide
supra) with H,O, and precipitation by the addition of NaBPh,
(1 equiv). Similarly, we obtained [3b]BPh, by in situ oxygen-
ation of [1b]Cl. The reactions result in a colour change of the
solution from yellow to pale yellow.

Clear signals for the Rh-CH,-CH,-O- fragments are ob-
served in the 'H and '3C NMR spectra of [3a]* and [3b]*
(Tables 3 and 4).

In the 'H NMR spectra, the -CH,-O- protons are observed
as triplets whereas the Rh-CH,- protons are observed as
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[2¢]*. In the BC NMR spectra, both the -CH,-O- and the Rh-
CH,- signals show rhodium coupling. The J(1%Rh,*C)
coupling of -Rh-CH,- in [3a]" and [3b]" is significantly
smaller than those in all other compounds in Table 4, which is
possibly related to the ring strain in [3a]" and [3b]*. The
2J(%Rh,1*C) coupling of the -CH,-O- fragment in [3a]* and
[3b]" is lost upon dissociation of the Rh—O bond (vide infra).

To the best of our knowledge, [3a]* and [3b]* are the first
isolated examples of unsubstituted 2-metallaoxetanes. Sub-
stituted(® 2-metallaoxetanes have been prepared by oxidative
addition of epoxides to Rh!', Pt’ and Pd complexes,[® 781 or,
in the case of 2-rhoda- and 2-iridaoxetanes, by the deproto-
nation of a 8-hydroxyethyl-metal-halide complex,’ ® and by
oxygenation of the cycloctadiene (cod) complex
[(P;00)Ir'(cod) ]~ with dioxygen.’¥ The observed oxygen-
ation of [la]* and [1b]" to [3a]* and [3b]* are the first
examples of the oxidation of an ethene complex to a
2-metallaoxetane.

The crystal structure of [3b]BPh,-1.5H,0 was determined
by single-crystal X-ray diffraction. The unit cell proved to
contain a pseudo-centrosymmetric arrangement of two cati-
ons ([3bA]* and [3bB]*), two anions as well as three water
molecules. The molecular structure of cation [3bA]* is shown
in Figure 3.

Two-thirds of the water molecules in crystalline [3b]BPh, -
1.5H,0 are found as independent water dimers. Interestingly,
one-third of the water molecules connect the cations [3bA]*
and [3b®]* through two OyuerH - Ogyerane hydrogen bonds
(Figure 4). The O, atoms are also involved in a bifurcated

Figure 4. Crystal structure of [3b]BPh,-1.5H,0 including the hydrogen-
bridging water molecule.
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hydrogen bond with pyridyl-H34# and -H35* of a neighbour-
ing [3bA]* ion. Interatomic distances: O2—O14 2.645(6) A,
02-01B 2.713(7) A, O02-H344 1.900(15) A, 02-H35
2.037(11) A (Figure 4). The observed hydrogen bonding of
H,O to the 2-rhodaoxetane fragment parallels the frequently
observed hydrogen bonding between alcohols and late
transition-metal alkoxides.'®! The water signal from
[3b]BPh,-1.5H,0 in CD,Cl, appears at 6=2.05 in the
'H NMR spectrum, which indicates that there is hydrogen
bonding of water to the 2-rhodaoxetane oxygen in solution
(free water in CD,Cl,: d =1.50).

Rhodium-alkoxy compounds are rare. The Rh—O bond
lengths in 2-rhodaoxetane [3b]* are short ([3bA]*: 2.000(5) A,
[3b®]*: 2.013(6) A) compared to the range of previously
reported Rh—O,,, bond lengths (2.01-2.11 A),[18a.19]
This range includes the Rh—0O,,,, bond length (2.10 A) in
the f,0-disubstituted 2-rhodaoxetane [(PMe;);(Br)Rh-
(x¥*-C,0-H,C(Me),0)], 1, the only isolated 2-rhodaoxetane
reported to date.[®! The difference between the cationic [3b]*
and the neutral I could be the result of a weaker trans
influence of the hard N donor in [3b]* compared to the soft P
donor in I. A M—O bond length of 1.96 A, similar to that
in [3b]*, is observed for the dianionic 2-iridaoxetane
[(P3;0)Ir('Ocod’) >, ILY The C—O bond length for [3b]*
([3bA]*: 1.45 A, [3bB]*: 1.44 A) is much shorter than the very
long C—O bond length in the
strained  2-iridaoxetane  II
(1.86 A); however, it compares
well with that in the 2-rhodaox-
etane I (1.42 A). The Rh—C and
C—C bond lengths in 2-rho-
daoxetane [3b]" compare well
with the corresponding bond
lengths in I and ILU¢8 The
longest Rh—N bond length is
observed for the central amine,
which reflects the high trans
influence of the alkyl group
(Rh1-N3 2.140(8), 2.124(8) A).

As regards the mechanism of
2-thodaoxetane formation: the
reactions of the ethene com-
plexes [la]® and [1b]" with
HCI, clearly demonstrate their
nucleophilicity. One could
therefore imagine electrophilic
attack of H,O, at the Rh! cen-
tre, which results in a net transfer of OH* to the Rh! centre.[?]
Insertion of the ethene fragment into the so-obtained
Rh™-OH bond, followed by proton abstraction from the
resulting 2-hydroxyethyl fragment would result in the
2-rhodaoxetane fragment. In view of the substantial
rhoda(incyclopropane character of the rhodium-ethene frag-
ment, 2-rhodaoxetane formation could also be the result of
direct oxygenation of one of the ethene carbons. In this
formalism, the oxidation of [1a]* and [1b]* to the 2-rhoda-
oxetanes bears some resemblance to the oxidation of a
nickela(if)cyclopentane complex with N,O to a 1-oxa-2-
nickela(icyclohexane. !
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Reactivity of the 2-rhodaoxetanes

At room temperature the 2-rhodaoxetanes [3a]" and [3b]*
are stable in solution and do not react with CO, PPh;, ethene
or acetylenes.

The 2-rhodaoxetane fragment is also stable toward strong
bases. Treatment of a solution of [3b]" in CD,Cl, with a
solution of NaOCDj; in CD;OD has little effect on the
'H NMR signals of the 2-rhodaoxetane fragment; however,
the signals of the methylene groups of the MeTPA ligand
disappear from the 'H NMR spectrum. This indicates that
NaOCD; catalysed the H/D exchange at N-CH,-Py.

In the presence of acids, the reactivity of the 2-rhodaox-
etane fragment is clearly increased, as is described below.

Protonation and methylation of the 2-rhodaoxetane oxygen:
The hydrogen bonding of the 2-rhodaoxetane oxygen
with water as shown by the X-ray structure of [3b]BPh,,
provides a first indication of its strongly nucleophilic
character. In accordance with this, treatment of the 2-rho-
daoxetanes [3a]BPh, and [3b]BPh, with one equivalent of the
non-coordinating acid [H(OEt,),]B(CsH;(CF;),), HBAr!, 2l
in CD,Cl, or CD;CN, results in the protonated rhodaoxetanes
[4a]BPh,/BAr!, and [4b]BPh,/BAr!, (Scheme 3).

_| 2+ '—l 2+
AN

=
éme_j

CD,CN
_—

Z—

y | ou
[4a]?+: R=H C
[4bJ2+; R= CH, |
CD,
Cl [5a-D,J+
not observed
with R=CH,

Q“ éﬂ\

[6a]*

not observed
with R=CH,

Scheme 3. Reaction of 2-rhoda(tioxetanes [3a]* and [3b]* with electrophiles H*, NH,Cl, Mel and H*/CH;CN.

As observed by 'H NMR spectroscopy in CD,Cl,, [4a]**
and [4b]** readily eliminate acetaldehyde at room temper-
ature, whereas [3a]’** and [3b]** are stable. In [D4]DMSO,
[3a]" and [3b]* only start to eliminate acetaldehyde at 90°C.
In [4b]*F, the elimination of acetaldehyde is also observed in
CD;CN at room temperature. However, for [4a]** in CD;CN,
the elimination of acetaldehyde is blocked and quantitative
conversion to [(TPA)Rh"(x!-C-2-hydroxyethyl)(CD;CN) J**,
[Sa-D;]** occurs within 1h (Scheme 3). Complex [Sa-D;]**
was only characterised by 'H NMR spectroscopy (Table 3)
and FAB-MS. Attempts to isolate [4a]**, [4b]** and [Sa]**
were unsuccessful because of their instability.
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Protonation of [3a]* and [3b]* to the metallacyclic x-O,C-
2-hydroxyethyl complexes [4a]** and [4b]** results in a
downfield shift 0.7 ppm for -Rh-CH,- in the 'H NMR
spectrum. Protonation to the non-cyclic x!-C-2-hydroxyethyl
complex [Sa-D;]** results in an even larger downfield shift of
1.0 ppm. These shifts could well reflect the release of ring
strain. In [4a]™ and [4b]", -CH,-O- has shifted 0.4 ppm
downfield from [3a]" and [3b]". In contrast, the open chain -
CH,-O- fragment in [5a-Ds]** has shifted by 1.0 ppm upfield
to a normal value for an alcohol (Table 3).

As mentioned above, protonation of the 2-rhodaoxetane
oxygen results in the elimination of acetaldehyde at room
temperature. This elimination must also involve S-hydrogen
elimination. It seems reasonable to propose ring-opening of a
protonated 2-rhodaoxetane to a Rh™-x!-C-2-hydroxyethyl
fragment with a vacant cis position, followed by a S-hydride
shift and deprotonation to a formylmethyl hydride complex
and reductive elimination of acetaldehyde (Scheme 4).

_l+ _‘2+

N
Ne  [ILN 4 he N\|HLN

Rh E—
N7 N
0]
H" "0-H
- H+

1

1,

Scheme 4. Proposed mechanism for S-hydrogen elimination from proto-
nated 2-rhoda(i)oxetanes.

=
I

N
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R
N
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The observed elimination of acetaldehyde at elevated
temperatures in the absence of added acid (vide supra) might
involve protonation of the 2-rhodaoxetane by traces of acid,
but could also occur directly from the unprotonated 2-rho-
daoxetane (Scheme 4). A formylmethyl hydride intermediate
has also been proposed for the rhodium(i)-catalysed isomer-
isation of epoxides, via 2-thodaoxetanes.! In agreement with
this mechanism, a cis-hydrido-formylmethyl iridium(11) com-
plex was obtained by the reaction of ethylene oxide with
[Ir'(CgH ) (PMe5)5(Cl) .24 For rhoda(i)- and irida(imoxe-
tanes, f-hydrogen elimination is apparently favoured over
reductive elimination of an epoxide. In fact, reductive
elimination of an epoxide from an isolated 2-metallaoxetane
has never been reported.

Treatment of a solution of [3a]BPh, with NH,Cl in acetone
resulted in the formation of [(TPA)RhM(x!-C-2-hydroxy-
ethyl)(C1)|BPh, ([6a]BPh,), presumably from the dissocia-
tion of the hydroxyethyl oxygen from the Rh!! centre in
intermediate [4a]** and coordination of the chloride anion
(Scheme 3).

Bright yellow crystals of [6a]BPh,-MeOH, which were
suitable for X-ray diffraction, were obtained by slow crystal-
lisation of [6a]BPh, from a solution in acetone that was
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layered with MeOH. The X-ray structure of [6a]" is shown in
Figure 5. Selected bond lengths and angles are given in
Tables 1 and 2.

Figure 5. X-ray structure of 2-hydroxyethyl-chloro complex [6a]"-
MeOH.

The quality of the X-ray structure suffers from of severe
disorder in the CH,-CH,-OH fragment and the co-crystallised
MeOH. This disorder could not be interpreted in terms of a
physically reasonable disorder model. The X-ray diffraction
data do, however, confirm the presence of the x!-C-2-
hydroxyethyl fragment. The co-crystallised MeOH molecule
seems to be involved in O—H -+ O hydrogen bonding with the
hydroxy fragment of [6a]*. The structure of the 2-hydroxy-
ethyl complex [6a]" is similar to those of the ethyl complexes
[2b]* and [2¢]". However, the 2-hydroxyethyl fragment of
[6a]* is oriented trans to N,.., whereas the ethyl fragments
of [2b]* and [2¢]* are oriented trans to Npyy, and Np,,
respectively.

The chemical shifts of the Rh-CH,- fragment and the -CH,-
O- fragment in the 'H and “C NMR spectra of [6a]* are
characteristic for a k!-C-2-hydroxyethyl fragment (see Ta-
bles 3 and 4). The coupling constant /(H,H) of [6a]* strongly
increases on going from CD,Cl, (5.3 Hz), the least polar
solvent, to [D¢]DMSO (8.2 Hz), the most polar solvent
(Table 3). We explain this solvent-dependent behaviour by
assuming the presence of an equilibrium between an open
form, as in the X-ray structure (Figure 5), and a cyclic form in
which the 2-hydroxyethyl ligand of [6a]" donates an intra-
molecular hydrogen bond to the chloro ligand. In an apolar
solvent the cyclic structure dominates, whereas in a polar
solvent interactions with solvent molecules stabilise the open
structure (Scheme 5). Strong intramolecular OH --- Cl hydro-
gen bonding between chloride and the OH group of a

_‘+
e ®
QDI R N DTN
|

Rh
SN \
cl
O-H

solv

Scheme 5. Equilibrium between hydrogen-bonded cyclic and open struc-
tures of [6a]".
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2-hydroxy-2,2-(dimethyl)ethyl fragment has been observed
in the X-ray structure of [(Rh(PMe;);(Br)(Cl){CH,C-
(Me),OH}].B®! Hydrogen bonding has also been reported for
other metal-bound halide ligands.?’]

The reaction of [3a]BPh, with Mel is analogous to the
reaction with NH,CI: it results in the formation of [(TPA)-
Rh™(2-methoxyethyl)(I) |BPh, ([7a]BPh,) (Scheme 3). Com-
pound [7a]BPh, was isolated as bright-orange crystals from a
saturated solution in CH;CN. Nucleophilic attack by the
oxygen atom of [3a]" on Mel releases iodide, which sub-
sequently displaces the methylated oxygen from the Rh'!
centre. NMR data for the Rh-CH,-CH,-O fragment of [7a]*
are summarised in Tables 3 and 4.

Attempts to prepare the MeTPA analogues of [Sa]**, [6a]*
and [7a]* from the MeTPA complex [3b]* resulted in
complex reaction mixtures. The observed differences between
[3a]* and [3b]* probably result from steric hindrance by the
Py-Me fragment in [3b]t. The Py-Me group hinders the
rotation of the -CH,-CH,-OR (R =H, Me) fragments around
the Rh—C bond. Dissociation of the Rh—O bond without
rotation around Rh—C will hold the 5-hydrogens close to the
rhodium centre and thus promote S-hydrogen elimination.
Instead of substitution of the protonated or methylated
oxygen by CH;CN, Cl or I", decomposition by fS-hydrogen
elimination from -CH,-CH,-OR (R =H, Me) seems to occur.

Addition of a protonated 2-rhodaoxetane to acetonitrile:
Upon addition of a droplet of [Ds]pyridine to a solution of «'-
C-2-hydroxyethyl complex [5a-D;]** in CD;CN (prepared by
the reaction of [3a]* with HBArf, in CD;CN, vide infra), [Sa-
D;]** rearranged to the metallacylic imino-ester [8-D;]**
within 30 min (Scheme 6).

Clearly, the rearrangement of [Sa]** to [8]*" is base-
catalysed. Imino-ester [8-D;]** could also be formed directly
from [3a]*: '"H NMR of a solution containing equimolar
amounts of [3a]BPh, and NH,PF,; in CD;CN at room

_I 2+ _| 2+
e e
VT base N:lm
& M éﬂ“w
N H-N
\
i )
CH, H,C
[5a]2+ [8]2+

I
O _]2+

65°C |m

<

[9]2+

Scheme 6. Formation of 2-(acetimidoyloxy)ethyl complex [8]*" and 2-(ace-
tylamino)ethyl complex [9]>* upon reaction of 2-rhoda(i)oxetane [3a]*
with NH,PF; in CH;CN.
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temperature revealed the quantitative formation of [8-D;]**
via intermediate [Sa-D;])** within 4 h. The undeuterated [8]**
was prepared analogously from [3a]* and NH,PF, in CH,;CN,
and was precipitated as pure [8](BPh,),-MeOH by the
addition of NaBPh, and MeOH.

Thus, the reaction of [3a]* with NH,7/MeCN must proceed
through the protonation of the 2-rhodaoxetane oxygen atom
by NH,, followed by reaction of [4a]*" with CH;CN, to yield
[Sa]** and NH;. The ammonia subsequently facilitates the
rearrangement of [Sa]** to imino ester [8]*", by the base-
catalysed addition of the 2-hydroxyethyl group to the
activated -C=N bond of the coordinated CH;CN, %l analogous
to a Pinner reaction ! (Scheme 7, path a).

R'—=C=N

R=OH

R'—C=—NH
Il
OR o
Scheme 7. Known reactivity of nitriles with alcohols in acidic media;

path a) Pinner reaction; path b) Ritter reaction; path c) rearrangement of
imidate to amide.

Crystals of [8](BPh,),-MeOH, which were suitable for
X-ray diffraction, were obtained by crystallisation from a
saturated solution in DMSQO, layered with MeOH. The crystal
structure of [8]>* shows that the k?>-O,C-2-oxyethyl fragment
in [3a]* has been converted to a k>-N,C-2-(acetimidoyloxy)-
ethyl fragment (Figure 6). Bond lengths for [8]** are com-
parable to those reported for related Rh'™ and Ir'' com-
plexes.®®! The observed N5—Oyoy distance (3.04(3) A)
indicates N—H -+ Oy o hydrogen bonding.

Heating a solution of imino-ester [8](BPh,),-MeOH in
CD;CN or [D¢]DMSO to 65°C resulted in the quantitative
rearrangement of [8]*" to metallacyclic amide [9]** within
3.5 h (Scheme 6). The lack of incorporation of CD;CN upon
rearrangement of [8]** to [9]*" in CD;CN demonstrates that
the transformation is truly intramolecular. Both in CD;CN
and in [D¢]DMSO, the rearrangement was found to be
unaffected by the presence of <10 mol H,O per mol [8]**,
thus showing that imino-ester [8]>* and amide [9]** are both
relatively stable towards hydrolysis. Amide [9]** could also be
formed directly from [3a]": 'H NMR spectra of a solution of
equimolar amounts of [3a]BPh, and NH,PF; in CD;CN at
65°C revealed the quantitative conversion to the trideuter-
ated amide [9-D;]** via the trideuterated imino-ester [8-Ds]**
within 4 h (Scheme 6). We obtained undeuterated [9]** as
crystalline [9](BPh,),-MeCN by the analogous reaction in
MeCN, followed by addition of NaBPh, (1 equiv) and partial
evaporation of the solvent.

The crystal structure of [9](BPh,),-MeCN confirms the
rearrangement of the x?-N,C-2-(acetimidoyloxy)ethyl frag-
ment in [8]** to the x>-O,C-2-(acetylamino)ethyl fragment in
[9]*+ (Figure 6). Bond lengths observed for [9]** are compa-
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Figure 6. X-ray structures of 2-(acetimidoyloxy)ethyl complex [8]**-
MeOH (top) and 2-(acetylamino)ethyl complex [9]** (bottom).

rable to those of other amide complexes of rhodium and
iridium.?’]

The observed vey (1634cm™) for [8]** and v
(1600 cm™t) for [9]** are in accordance with their crystal
structures. Selected NMR data for the Rh-CH,CH,-O-
C(Me)=NH fragment of [8]* and the Rh-CH,CH,-NH-
C(Me)=0 fragment of [9]** are summarised in Tables 3 and
4. In the 'H NOESY spectrum, the acetimidoyl -NH- frag-
ment of [8]** shows a clear NOE contact with the nearby axial
protons of the two equivalent N-CH,-Py fragments. The
relatively small 3/(H,H) coupling constant between the Rh-
CH,- and the -CH,-O- groups of [8]** (5.6 Hz) and [9]**
(5.9 Hz) seems to be diagnostic for a six-membered metalla-
cycle, in agreement with the value observed for cyclic chloro
2-hydroxyethyl complex [6a]" in CD,Cl, (5.3 Hz) for which
we proposed a six-membered ring structure through intra-
molecular H-bonding (Scheme 5). Diagnostic for the con-
version of [8]** to [9]** are the significant upfield shifts for -
CH,-N- in [9]** compared to -CH,-O- in [8]** in the 'H NMR
and C NMR spectra.

The overall rearrangement of intermediate [Sa]** to [9]** is
analogous to the Ritter reaction?”! (Scheme 7, path b). To the
best of our knowledge, the conversion of the Pinner-type
product [8]** to the Ritter-type product [9]**, is an unprece-
dented example of rearrangement of an alkyl-alkanimidate to
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a N-alkyl alkanamide (see Scheme 7, path c: R,R’=alkyl).
Heating alkyl-alkanimidates generally results in the elimina-
tion of alcohols.””! However, rearrangement of “activated”
alkyl-trichloroacetimidates to N-alkyl trichloroacetamides,
catalysed by BF;, has been reported (Scheme 7, pathc: R=
alkyl, R=CCl;).P The mechanism proposed for this reaction
involves formation of an ion-pair between the alkyl cation and
the trichloroacetimidate (Scheme 8).

BF, R
Ny
HNQC/
\
ccl,

Scheme 8. Proposed mechanism for the BF;-catalysed rearrangement of
alkyl-trichloroacetimidates to N-alkyl trichloroacetamides.!]

We propose that the mechanism for the transformation of
[8]* to [9]** proceeds by the pathway shown in Scheme 9. 3-
Elimination of the acetimidato group gives an acetamidato—
ethene complex which then reacts through migratory inser-
tion of ethene into the Rh—N bond.

_| 2+
NI esec QDN
“Rh

N
=N T =,
N o
H,C H,C

[9]2+

Scheme 9. Proposed mechanism for thermal rearrangement of [8]** to
(9.

Formation of a C—N bond from an olefin and an amine or
amide is a very desirable transformation.’2l A catalytic
version of this reaction would be a valuable alternative to
classical industrial syntheses of amines or amides. However,
the few catalytic examples of C—N bond formation reported
to date are either slow or restricted to specific substrates or
intramolecular reactions.?® Therefore, new approaches to the
formation of C—N bonds from olefins is of great interest. The
step-wise conversion of ethene complex [1a]* to a k2-N,C-2-
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(acetylamino)ethyl complex [9]** via 2-rthodaoxetane [3a]*
(Scheme 10) is the first example of amidation of a coordinated
olefin by H,O,, H" and a nitrile.

o " O

N N
N /\_IL;I_/(NQD 1) H,0, N /\_RE—LKNQD
- > -

é"‘/ AN 2) NH,*, MeCN é’\} t
7 o

>\,

N\
HC  H
[a]* )

Scheme 10. Amidation of a coordinated olefin by H,O,, H* and MeCN.

Addition of a 2-rhodaoxetane to acetone: As observed by
'H NMR, a solution of 2-rhodaoxetane [3a]BPh, in [Dg]ace-
tone converts to the new metallacyclic ketal [10]* in about two
weeks (Scheme 11). The low 3J(H,H) coupling constant
between the Rh-CH,- and -CH,-O fragments of [10]*, similar
to those for [8]** and [9]**, are in accordance with the
presence of a six-membered metallacycle.

_| + _I +
N N
N/\_LEE/NQD acetone g/\_éﬁj@

SN SN
0] !
Hac““"\‘o
CH

3
[3a]* (1o}

Scheme 11. Reaction of [3a]* with acetone to proposed complex [10]*.

A TH NMR spectrum of a sample of [10]BPh,, isolated from
non-deuterated acetone by precipitation with Et,O, shows a
singlet (relative integral 6 H) at 6 =0.60 in [D¢]acetone. This
singlet disappears over a period of two days, and a signal of
free Me,CO appears in the 'H NMR spectrum. All other
signals of [10]" remain unchanged. Apparently, the incorpo-
rated acetone exchanges for [Dglacetone. As observed by
'H NMR spectroscopy, dissolution of [10]* in solvents other
than acetone results in the decomposition to a mixture of
unidentified compounds. FAB-MS spectra, obtained from an
acetone/m-nitrobenzyl alcohol matrix, were inconclusive
because only [(TPA)Rh]" was detected as the highest mass.
In view of the above-described reactivity of the 2-rhodaox-
etanes induced by protonation, we assume that the reaction of
[3a]* with acetone is mediated by the acidity of this solvent.

Conclusions

Despite their cationic nature, the pentacoordinate complexes
[(TPA)Rh!(ethene) |*, [1a]*, and [(MeTPA)Rh!(ethene)]*,
[1b]*, are clearly nucleophilic: they react with aqueous HCl
to afford the chloro-ethyl complexes [2a]"—[2¢]".
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Treatment of [1a]" and [1b]* with aqueous H,O, results in
the fast and selective oxygenation to the stable 2-rhodaox-
etanes (1-oxa-2-rhodacyclobutanes) [3a]* and [3b]*. These
are the first isolated examples of unsubstituted 2-metallaox-
etanes.

The 2-rhodaoxetanes obtained in this way are inert towards
strong nucleophiles, such as MeO~. The reactivity of the x>
0,C-2-oxyethyl fragments in the 2-rhodaoxetanes [3a]" and
[3b]" is mainly determined by the nucleophilic character of
their 2-rhodaoxetane oxygen. Reaction of [3a]t and [3b]*
with H*, converts the k?-O,C-2-oxyethyl fragment to a k>-O,C-
2-hydroxyethyl fragment in the four-membered metallacycles
[4a]** and [4b]**. These eliminate acetaldehyde at room
temperature in the absence of coordinating anions and
coordinating solvents. The elimination of acetaldehyde from
the unprotonated 2-rhodaoxetanes [3a]" and [3b]" only
occurs at elevated temperatures. In both cases, the formation
of ethylene-oxide is not observed.

The protonated 2-rhodaoxetane [4a]’>* undergoes ring-
opening in the presence of MeCN or chloride anions to yield
[(TPA)Rh"(x!-C-2-hydroxyethyl)(MeCN) |** ([5a]**), or
[(TPA)Rh"(x!-C-2-hydroxyethyl)(Cl)|* ([6a]*), respective-
ly. Similarly, reaction of [3a]" with Mel results in the
formation of [(TPA)Rh™(k!-C-2-methoxyethyl)(I)]*, [7a]*.

Reaction of [3a]* with NH,* in MeCN results in the
formation of metallacyclic amide [(TPA)RK!Y(2-(acetyl-
amino)ethyl) >+ ([9]**) via the intermediate metallacyclic
imino-ester [(TPA)Rh™(2-(acetimidoyloxy)ethyl) = ([8]**).
The observed overall conversion of ethene complex [1a]" to
the metallacyclic amide [9]**, via 2-rhodaoxetane [3a]*,
provides a new step-wise route for the amidation of a metal-
coordinated olefin fragment.

We have demonstrated that 2-metallaoxetanes readily form
upon oxidation of a Rh!(ethene) complex. This suggests their
possible involvement in catalytic oxidation of olefins. Their
role in the epoxidation of olefins, however, remains doubtful,
despite frequently proposed mechanisms.?

Oxidative additions of epoxide C—O bonds to Rh!, Ni’, Pd°,
and Pt° complexes have been reported in stoichiometric and
catalytic reactions.>- 7 7 337 Furthermore, oxidative addition
of ethylene oxide to Ir! has been reported to result in a cis-
hydrido-formylmethyl Ir'" complex.?*! The above examples,
combined with the results in this paper, strongly suggest that,
at least for late transition metals, the equilibrium between a
2-metallaoxetane and the reduced metal centre and epoxide is
in favour of the 2-metallaoxetane. As a result, 2-metallaox-
etanes do not decompose by reductive elimination but by
other pathways, such as f-hydrogen elimination. In fact,
formation of C—O bonds by reductive elimination from
transition metal alkyl—alkoxide complexes is extremely
rare.’®! There are some examples of the formation of C,,,—O
bonds in reasonable yields by oxidatively induced reductive
elimination from Ni!-aryl —alkoxide complexes and sponta-
neous reductive elimination from Pd!-aryl —alkoxide com-
plexes.?) Oxidatively induced reductive eliminations of cyclic
ethers (e. g. THF) from oxametallacyclic Ni''—alkyl —alkox-
ide complexes have only been realised in very low yields.[*]
Elimination of an epoxide from a 2-oxametallacyclobutane
(2-metallaoxetane) would not only involve the apparently
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unfavourable reductive elimination of a C—O bond, but also
the formation of a strained epoxide from a less strained
oxametallacyclobutane. The direct reductive elimination of
epoxides from detectable 2-metallaoxetanes will therefore be
thermodynamically too “uphill”. 2-Rhodaoxetanes could,
however, be involved as intermediates in rhodium-catalysed
oxidation of terminal olefins to methylketones by alkylhy-
droperoxides, hydrogen peroxide or O,.[*!

Experimental Section

General methods: All procedures were performed under N, using standard
Schlenk techniques. Solvents (p.a.) were deoxygenated by bubbling a
stream of N, through them or by the freeze-pump-thaw method. “Room
temperature” corresponds to ~20°C.

IR spectra were measured on a Perkin—Elmer 1720 X. NMR experiments
were carried out on a Bruker DPX 200 (200 MHz and 50 MHz for 'H and
3C, respectively), a Bruker AC300 (300 MHz and 75 MHz for 'H and 13C,
respectively) and a Bruker WM 400 (400 MHz and 100 MHz for 'H and "*C,
respectively). Solvent shift reference for 'H NMR: [DgJacetone 6('H) =
2.05, CD;CN 6('H) =1.98, CD,Cl, 6(*"H) =5.31, [Ds]DMSO 6('H) =2.50.
For BC NMR: [Dg]acetone 6("*C)=29.50, CD;CN 6(**C) =128, CD,Cl,
0(13C) =54.20, [Dg]DMSO 6(**C)=39.50. Abbreviations used are s=
singlet, d =doublet, dd =doublet of doublets, t=triplet, dt =doublet of
triplets, q = quartet, dq = doublet of quartets, m = multiplet and br = broad.

Table 5. Crystallographic data of the synthesised complexes

Elemental analysis (C, H, N) were carried out on a Carlo Erba NCSO-
analyser. Mass Spectra (FAB) were recorded on a VG 7070 mass
spectrometer or on a JEOL JMS SX/SX102A four-sector mass spectrom-
eter.

[{(C,H,),Rh(p-CD)},] 1 and the ligands TPA! and MeTPAM were
prepared according to literature procedures. All other chemicals are
commercially available and were used without further purification, unless
stated otherwise.

X-ray diffraction: For all structures, single crystals were mounted in air on
glass fibres. Intensity data were collected on an Enraf-Nonius CAD4
diffractometer (radiation: graphite monochromatised Cuy, = 1.541838 A).
Intensity data were corrected for Lorentz and polarisation effects. Semi-
empirical absorption correction (i-scan)i*’! was applied. The structures
were solved by the program system DIRDIF!*! with the program PATTY¥]
to locate the heavy atoms and were refined with standard methods
(refinement against F? for all reflections with SHELXL97M! with
anisotropic parameters for the non-hydrogen atoms. Selected bond lengths
and angles are summarised in Tables 1 and 2. Other relevant crystal data
are summarised in Table 5. Drawings were generated with the program
PLATON.#I

[1b]BPh,, [2b]BPh, and [3b]BPh,-1.5H,0: The hydrogen atoms of the
methyl groups were refined as rigid rotors with idealised sp* hybridisation
and a C—H bond length of 0.97 A to match maximum electron density in a
difference Fourier map. All other hydrogens were initially placed at
calculated positions and were then freely refined.

[2¢c]BPh,: The hydrogen atoms of the methyl groups were refined as rigid
rotors with idealised sp® hybridisation and a C—H bond length of 0.97 A to
match maximum electron density in a difference Fourier map. The

[1b]BPh, [2b]BPh, [2¢|BPh, [3b]BPh,- [6a]BPh,-MeOH [8](BPh,),- [9](BPh,),-
1.5H,0 MeOH MeCN
empirical formula CsH,NBRh  CiHsN,BCIRh CisHisN,BCIRh  CisHuN,0,,BRh CyHN,0,BCIRh  CpHyNsO,B,Rh  C,HeN,OB,Rh

crystal size [mm]

formula weight 754.56 791.02 981.02

T [K] 208(2) 208(2) 208(2)

crystal system triclinic orthorhombic monoclinic

space group Pl Pbc2, P2)/c

unit cell dim. from N refl. 23 10 24

a[A] 9.843(4) 10.6840(16) 14.4306(5)

b [A] 11.52(2) 18.960(5) 9.8390(6)

c[A] 16.87(2) 37.402(7) 27.5464(13)

a[°] 88.54(12) 90 90

B°] 76.60(12) 90 94.757(4)

v [°] 82.15(10) 90 90

V [A3] 1843(4) 7577(3) 3897.6(3)

Peatcd [gem™] 1.360 1.387 1.348

VA 2 8 4

diffractometer Enraf-Nonius Enraf-Nonius Enraf-Nonius
CAD4 CAD4 CAD4

scan 6-260 w 60-260

radiation Cug, Cug, Cug,

wavelength [A] 1.54184 1.54184 1.54184

F(000) 784 3280 1640

6 range [°] 3.88-70.27 4.66-69.98 3.07-69.97

index ranges —11<h<0 —13<h<0 —17<h<17
—14<k<13 —23<k<0 —11<k<0
—-20<1<19 0<i<45 —33<I<0

range of rel. transm. fac. 0.714/1.215 0.807/1.777 0.802/1.297

measured reflections 7404 7281 7520

unique reflections 6970 7281 7353

observed reflections 5417 6107 6269

[1,>20(1,)]

refined parameters 462 941 619

goodness-of-fit on F? 1.054 1.077 1.057

R[I,>20(1,)] 0.0855 0.1040 0.0501

wR2 [all data] 0.2373 0.3380 0.1330

final residual electron 3.403/ —3.786 4.011/—-3.573 0.712/ —2.140

density (max/min) [e A~3]

0.25x0.13 x0.06 0.56 % 0.34 x0.12 0.36 x 0.25 x 0.13

0.56 x0.34 x0.18 0.46 x 0.36 x 029  0.38 x 0.09 x 0.06 0.27 x 0.18 x 0.10

794.56 825.04 1149.85 1158.86
173(2) 208(2) 208(2) 293(2)
triclinic monoclinic monoclinic monoclinic
P1 P2,/c C2/c C2/c

10 8 16 15
9.3022(3) 13.86(2) 37.334(7) 28.270(2)
11.8120(2) 10.155(9) 12.8324(18) 23.0952(14)
18.3852(4) 28.752(4) 24.767(5) 21.520(2)
78.781(5) 90 90 90
88.275(3) 95.56(3) 97.37(2) 119.793(6)
85.428(3) 90 90 90
1974.99(8) 4029(7) 11767(4) 12192.9(16)
1.336 1.360 1.298 1.263

2 4 8 8
Enraf-Nonius Enraf-Nonius Enraf-Nonius Enraf-Nonius
CAD4 CAD4 CAD4 CAD4
6-26 6-26 [0} 6-26

Cug, Cug, Cug, Cug,
1.54184 1.54184 1.54184 1.54184

824 1712 4816 4848
3.83-70.03 3.09-70.09 4.00-55.24 2.88-69.96
0<h<11 —-16<h<0 —-39<h<39 —34<h<29
—14<k<14 0<k<12 —13<k<0 0<k<28
—22<1<22 —34<1<35 0<1<26 0<1<26
1.210/0.910 0.843/1.186 0.944/1.065 1.081/0.924
7987 7956 7588 11863

7492 7625 7374 11535

6908 6027 2886 6778

727 473 732 993

1.076 1.093 1.020 1.041
0.0566 0.0992 0.0877 0.0552
0.1786 0.2774 0.1794 0.1255
2.203/—0.588 1.959/ —-2.072 0.456/ — 0.464 0.587/ —0.621

308 — © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 2000

0947-6539/00/0601-0308 $ 17.50+.50/0 Chem. Eur. J. 2000, 6, No. 1



Reactivity of Protonated 2-Rhodaoxetanes

298-312

hydrogen atoms attached to C1 were placed at calculated positions and
were refined riding on the parent atom. All other hydrogens were initially
placed at calculated positions and were then freely refined.

[81(BPh,),-MeOH and [9](BPh,),:- CH,CN: The hydrogen atoms of the
methyl groups were refined as rigid rotors with idealised sp* hybridisation
and a C—H bond length of 0.97 A to match maximum electron density in a
difference Fourier map. The hydrogen atom attached to the nitrogen atom
in [9]** was taken from a difference Fourier map. In contrast to the
structure analysis of [9](BPh,), - CH;CN, the presence of a nitrogen atom at
the N5 position in [8]** is not unambiguously confirmed by the localisation
of an attached proton. However, during refinement it became clear that
only the presented structure shows acceptable ADP values for N5 and O1.
All other hydrogens were initially placed at calculated positions and were
then freely refined.

Crystallographic data (excluding structure factors) for the structures
reported in this paper have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication nos. CCDC-117405
([1b]BPh,), CCDC-117406 ([2b]BPh,), CCDC-117407 ([2¢]BPh,),
CCDC-117408 ([3b]BPh,-1.5H,0), CCDC-117409 ([6a]BPh,-MecOH),
CCDC-117410 ([8](BPh,),-MeOH) and CCDC-117411 ([9](BPhy),-
MeOH). Copies of the data can be obtained free of charge on application
to CCDC, 12 Union Road, Cambridge CB21EZ, UK (fax: (+44)1223-336-
033; e-mail: deposit@ccdc.cam.ac.uk).

(n*-Ethene)-(x*-N,N,N-tri-(2-pyridylmethyl)amine)-rhodium@® hexafluoro-
phosphate/tetrafluoroborate ([1a]PF,) and ([1a]BF,): [{(C,H,),Rh(u-
Cl)},] (100 mg, 0.26 mmol) and TPA (150 mg, 0.52 mmol) were stirred in
MeOH (25mL) at —78°C for 1h followed by the addition of KPF
(441 mg, 2.4 mmol). Partial evaporation of the solvent caused the
precipitation of [1a]PF, as a yellow powder, which was filtered and
vacuum-dried. Yield: 68 % (200 mg). The same procedure with NaBF, gave
[1a]BF, (yield: 71%).

In both the 'H and the *C NMR spectra of [1a]* at 298 K, the ethene
fragment is observed as two broad singlets. At 263 K the ethene fragment is
observed as two pseudo double-triplets in the 'TH NMR spectrum and two
doublets in the *C NMR spectrum. '"H NMR (500.14 MHz, [Dg]acetone,
263 K): 0 =9.43 (d, *J(H,H) =4.7 Hz, 1 H; Py,-H6), 8.16 (d, 2H, 3/(H,H) =
5.8 Hz, 2H; Py,-H6), 7.90-7.10 (m, 9H; Py-H4, Py-HS5 and Py-H3), 5.69
(d[AB], Y(HH)=15.6 Hz, 2H; N-CH,-Py,), 5.02 (d[AB], Y(HH)=
15.6 Hz, 2H; N-CH,-Py,), 4.76 (s, 2H; N-CH,-Py,), 2.11 (dt, average
JHH)=9.5Hz, JHH) or J(HRh)=17Hz, 2H; CH,), 1.82 (dt,
J(H,H)=9.5 Hz, J(H,H) or J(Rh,H)=1.7 Hz, 2H; C,H,); “C{'H} NMR
(125.77 MHz, [Dglacetone, 263 K): 6=163.9 (Py,-C2), 159.6 (Py,-C2),
151.9 (Py,-C6), 151.4 (Py,-C6), 138.1 (Py,-C4), 137.3 (Py,-C4), 125.2 (Py,-
C3), 124.4 (Py,-C3), 123.1 (Py,-C5), 122.2 (Py,-C5), 69.6 (N-CH,-Py,,), 64.3
(N-CH,-Py,), 27.2 (d, J(C,Rh) =18.0 Hz; C=C), 25.0 (d, J(C,Rh) =19.7 Hz;
C=C); FAB-MS (m-nitrobenzyl alcohol matrix (m-Noba)/CH;CN): 589
[(Na+M+PFy)*], 421 [M*], 393 [(M — C,H,)"]; anal. calcd for [1a]PF,
(C,HxN,RhPF): C 42.42, H 3.93, N 9.98; found: C 40.54, H 3.60, N 9.70;
anal. calcd for [1a]BF, (C,H,,N,RhBF,): C 47.28, H 4.36, N 11.03; found: C
47.25, H 4.46, N 10.80.

(17*-Ethene)-(x*-N-[ (6-methyl-2-pyridyl)methyl]-N,N-di(2-pyridylmethyl)-
amine)-rhodium(@ tetraphenylborate ([1b]BPh,): [{(C,H,),Rh(u-Cl)},]
(200 mg, 0.51 mmol) and MeTPA (320 mg, 1.05 mmol) were added to
MeOH (25 mL) at —78°C, and stirred for 1 h. Any undissolved material
was removed by filtration. NaBPh, (360 mg, 1.06 mmol) in MeOH (7 mL)
was added to the solution. The yellow solid which precipitated was
collected by filtration. Crystals suitable for X-ray diffraction were obtained
by slow crystallisation of a saturated solution of [1b]BPh, in acetone at
—20°C. Yield: 81 % (623 mg); '"H NMR (200.13 MHz, CD,Cl,, 298 K): 6 =
7.86 (d, 3J(H,H) =5.3 Hz, 2H; Py,-H6), 7.55-6.65 (m, 9H; Py-H4, Py-H5
and Py-H3), 737 (m, 8 H; BAr-H2), 7.02 (t, 3/(H,H) = 7.4 Hz, 8 H; BAr-H3),
6.87 (t, 3J(H,H) =74 Hz, 4H; BAr-H4), 5.07 (d[AB], 2J(H,H) =15.3 Hz,
2H;N-CH,-Py,), 4.23 (d[AB], 2J(H,H) = 15.3 Hz, 2H; N-CH,-Py,,), 4.11 (s,
2H; N-CH,-Py,), 3.33 (s, 3H; Py,-CH,), 2.07 (brs, 2H; C,H,), 1.94 (brs,
2H; GH,); BC{'H} NMR (125.77 MHz, CD,Cl,, 298 K): 6 =164.8 (q,
1J(C,B) =49.5 Hz; BAr-C1), 163.3 (Py,-C2), 161.2 (Py,-C2), 158.0 (Py,-C6),
151.3 (Py,-C6), 138.3 (Py,-C4), 1373 (Py,-C4), 136.8 (BAr-C2), 126.5 (q,
3J(C,B) =2.8 Hz; BAr-C3), 125.3 (Py,-C3), 124.4 (Py,-C3), 123.1 (Py,-C5),
122.7 (BAr-C4), 119.2 (Py,-CS5), 69.8 (N-CH,-Py,), 65.3 (N-CH,-Py,), 30.6
(brs, C=C), 29.1 (Py,-CHy;), 26.3 (brs, C=C); FAB-MS (m-Noba/CH;CN):
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435 [M*],407 [(M — C,H,)*]; anal. caled for C,;sHyyN,BRh: C 71.63, H 5.88,
N 7.42; found: C 71.15, H 5.93, N 7.42.

(Ethyl)-(chloro)-(«*-N,N,N-tri(2-pyridylmethyl)amine)-rhodium @y hexa-
fluorophosphate ([2a]PF): [{(C,H,),Rh(u-Cl)},] (150 mg, 0.38 mmol) and
TPA (320 mg, 1.1 mmol) were added to MeOH (40 mL) at —78°C, and
stirred for 1 h. An aqueous solution of HCI (0.4 mL, 30 %) was added and
the solution was allowed to slowly warm to —10°C (within 2 h). Any
undissolved material was removed by filtration. NaPF, (740 mg,
4.40 mmol) in MeOH (7 mL) was added to the solution. The light yellow
solid which precipitated was collected by filtration. Yield: 71 % (325 mg);
'H NMR (200.13 MHz, [DgJacetone, 298 K): 6 =9.40 (d, 1H, 3/(H,H) =
4.7 Hz, Py,-H6), 8.89 (d, 2H, */(H,H) = 5.6 Hz, Py,-H6), 8.0-7.37 (m, 9H,
Py-H4, Py-HS5 and Py-H3), 5.40 (d[AB], 2H, */(H,H) =16.2 Hz, N-CH -
Py,), 5.07 (s, 2H, N-CH,-Py,), 5.03 (dd[AB], 2H, 3/(H,H)=16.2 Hz,
3/(Rh,H)=15Hz, N-CH,-Py,), 271 (dq, 2H, 3J(HH)=74Hz,
2J(Rh,H)=2.7 Hz, Rh-CH,CH,), 0.61 (t, 3H, 3(HH)=74Hz, Rh-
CH,CH;); BC{'H} NMR (50.33 MHz, [Dg]acetone, 298 K): 6=162.9
(Py,-C2), 158.0 (Py,-C2), 151.4 (Py,-C6), 149.0 (Py,-C6), 139.2 (Py,-C4),
139.0 (Py,-C4), 125.7 (Py,-C3), 125.1 (Py,-C3), 123.8 (Py,-C5), 121.4 (Py,-
C5), 722 (N-CH,-Py,), 69.3 (N-CH,-Py,), 16.9 (Rh-CH,CHj;), 154 (d,
1J(C,Rh) =21.9 Hz, Rh-CH,CHj;); FAB-MS (m-Noba/CH;CN): m/z: 457
[M —PF(]*", 428 [M — CH,CH,; — PF(]*, 393 [M — CH,CH,; - PF,— Cl]|*;
anal. calcd for [2a]", (C,)Hp;N,RhCI): 457.0683; found: 457.0666.

(Ethyl)-(chloro)- («*-N-[ (6-methyl-2-pyridyl)methyl]-V,N-di(2-pyridylme-
thyl)amine)-rhodium(ur) tetraphenylborate ([2b]BPh,): [{(C,H,),Rh(u-
C1)},] (100 mg, 0.26 mmol) and MeTPA (160 mg, 0.53 mmol) were added
to MeOH (25 mL) at —78°C, and stirred for 1 h. An aqueous solution of
HCI (0.4 mL, 30 % ) was added and the solution was allowed to slowly warm
to —10°C (within ~2h). Any undissolved material was removed by
filtration. NaBPh, (360 mg, 1.06 mmol) in MeOH (7 mL) was added to the
solution. The light yellow solid which precipitated was collected by
filtration. After recrystallisation from a saturated CH;CN solution, pure
[2b]BPh, was obtained as bright yellow crystals which were suitable for
X-ray diffraction. Yield: 60% (244 mg); 'H NMR (200.13 MHz, CD,Cl,,
298 K): 0 =8.80 (d, 2H, *J(H,H) = 5.9 Hz, Py,-H6), 7.8-6.6 (m, 9H, Py-H4,
Py-HS5 and Py-H3), 746 (m, 8H, BAr-H2), 7.05 (t, 8H, *J(H,H) =7.3 Hz,
BAr-H3), 6.89 (t, 4H, */(H,H)=73 Hz, BAr-H4), 4.09 (d[AB], 2H,
3J(H,H) =16.2 Hz, N-CH,-Py,), 3.59 (s, 2H, N-CH,-Py,), 3.36 (dd[AB],
2H, *J(H,H) =16.2 Hz, */(Rh,H) = 1.5 Hz, N-CH,-Py,), 3.02 (s, 3H, Py,-
CHs;), 2.71 (dq, 2H, */(H,H) =74 Hz, 2J(Rh,H) =2.7 Hz, Rh-CH,CH,),
0.36 (t, 3H, 3J/(H,H) =74 Hz, Rh-CH,CH;); *C{'H} NMR (50.33 MHz,
CD,Cl,, 298 K): 6 =164.9 (q, J(C,B) =49.5 Hz; BAr-C1), 164.3 (Py,-C2),
162.5 (Py,-C2), 154.9 (Py,-C6), 152.3 (Py,-C6), 139.3 (Py,-C4), 139.0 (Py,-
C4), 136.8 (BAr-C2), 126.7 (q, *J(C,B) =2.8 Hz; BAr-C3, Py,-C3), 125.7
(Py,-C3), 123.6 (Py,-C5), 122.9 (BAr-C4), 119.8 (Py,-C5), 71.4 (N-CH,-
Py,), 67.7 (N-CH,-Py,), 26.3 (Py,-CH;), 20.9 (d, 'J(C,Rh) =23.6 Hz, Rh-
CH,CHS,), 17.8 (Rh-CH,CH;); FAB-MS (m-Noba/CH,CN): m/z: 471 [M —
BPh,|", 428 [M —CH,CH;—BPh,]*, 407 [M — CH,CH;—BPh,—Cl]";
anal. calcd for [2b]BPh,, (C,sH,sN,RhCIB): C 68.33, H 5.73, N 7.08; found:
C 68.65, H 5.34, N 7.09.

(Ethyl)-(chloro)-(ic*-N-[ (6-methyl-2-pyridyl)methyl]-N,N-di(2-pyridylme-
thyl)amine)-rhodium(1) tetraphenylborate ([2c]BPh,): [{(C,H,),Rh(u-
Ch)},] (200 mg, 0.51 mmol) and MeTPA (320 mg, 1.05 mmol) were added
to MeOH (25 mL) at —78°C, and stirred for 1 h. An aqueous solution of
HCI (0.1 mL, 30%) was added and the solution was allowed to warm to
room temperature (within 30 min) by the removal of the acetone/CO, bath.
Any undissolved material was removed by filtration. NaBPh, (640 mg,
1.87 mmol) in MeOH (7 mL) was added to the solution. The orange solid
which precipitated was collected by filtration. After recrystallisation from a
saturated CH;CN solution, pure [2¢]BPh, was obtained as bright orange
crystals which were suitable for X-ray diffraction. Yield: 63% (510 mg);
'H NMR (200.13 MHz, CD,Cl,, 298 K): 6 =9.35 (d, 1H, 3/(H,H) =5.3 Hz,
Py,-H6), 8.88 (d, 1H, 3/(H,H) =5.9 Hz, Py,-H6), 7.8-6.8 (m, 9H, Py-H4,
Py-H5 and Py-H3), 746 (m, 8H, BAr-H2), 7.05 (t, 8H, *J(H,H) =7.3 Hz,
BAr-H3), 6.89 (t, 4H, */(H,H)=73 Hz, BAr-H4), 440 (d[AB], 1H,
3J(HH)=15.6 Hz, N-CH,-Py), 413 (d[AB], 1H, 3/(H,H)=16.5Hz,
N-CH,-Py), 3.76 (d[AB], 1H, 3J(HH)=173Hz, N-CH,Py), 3.60
(d[AB], 1H, %/(H,H) =173 Hz, N-CH,-Py), 3.52 (d[AB], 1H, 3J(H,H) =
15.6 Hz, N-CH,-Py), 3.32 (d[AB], 1H, *J(H,H) = 16.5 Hz, N-CH-Py), 2.85
(s, 3H, Py-CH;), 2.79 (m, 1H, Rh-CHH,CHj;), 2.56 (m, 1H, Rh-
CH,H,CHj;), 0.56 (t, 3H, 3J/(H,H) =74 Hz, Rh-CH,CH;); BC{'H} NMR
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(50.33 MHz, CD,Cl,, 298 K): 0=164.9 (q, J(C,B)=49.5 Hz; BAr-Cl),
166.5, 162.3, 161.5 (Py,-C2, Py,-C2, PyC2), 156.9 (Py.-C6), 151.0, 150.0
(Py,-C6, Py,-C6), 139.4, 139.2, 139.0 (Py,-C4, Py,-C4, Py-C4), 136.8 (BAr-
C2), 126.7 (q, *J(C,B) =2.8 Hz; BAr-C3), 127.3, 125.6, 125.3 (Py,-C3, Py,-
C3, Py.-C3), 122.9 (BAr-C4), 122.7, 121.9, 121.0 (Py,-C5, Py,-C5, Py.-C5),
71.4 (N-CH,-Py), 69.6 (N-CH-Py), 69.0 (N-CH,-Py), 28.3 (Py,-CHs), 17.8
(Rh-CH,CHj;), 175 (d, 'J(C,Rh) =20.4 Hz, Rh-CH,CH,); FAB-MS (m-
Noba/CH,CN): miz: 471 [M —BPh,]*, 428 [M — CH,CH, — BPh,]*, 407
[M — CH,CH; — BPh, — CI]*; anal. caled for [2¢]|BPh,, (C4;sH,sN,RhCIB):
C 68.33, H 5.73, N 7.08; found: C 68.19, H 5.27, N 7.06.
(x%-0,C-2-Oxyethyl)-(i*-N,N,N-tri(2-pyridylmethyl)amine)-rhodium (1)
hexafluorophosphate/tetraphenylborate ([3a]PF, and [3a]BPh,): [1a]PF,
(50 mg, 0.088 mmol) was dissolved in MeOH (5 mL) and an aqueous
solution of H,0, (0.1 mL, 35%) was added. The solution was stirred at
—10°C for 1 h. Addition of Et,0 caused the precipitation of [3a]PF; as a
pale-yellow powder, which was filtered, washed with Et,O, and vacuum
dried. Yield: 100% (51 mg).

[3a](BPh,): This compound was obtained by in situ oxidation of [1a]Cl:
[{(CH,),Rh(u-Cl)},] (100 mg, 0.25 mmol) and TPA (150 mg, 0.52 mmol)
were stirred in MeOH (25 mL) at —78°C for 1 h. An aqueous solution of
H,0, (0.12 mL, 35%) was added and the mixture was allowed to slowly
warm to room temperature Any undissolved material was removed by
filtration. NaBPh, (180 mg, 0.53 mmol) in MeOH (7 mL) was added to the
solution. The light yellow solid which precipitated was collected by
filtration. Yield: 60% (240 mg); 'H NMR (200.13 MHz, [D¢]acetone,
298 K): 6=9.03 (d, 3J(H,H)=5.7 Hz, 2H; Py,-H6), 8.70 (d, */(H,H)=
5.5 Hz, 1H; Py,-H6), 8.10-7.20 (m, 9H; Py-H4, Py-H5 and Py-H3), 5.32
(d[AB], */(HH)=15.4Hz, 2H; N-CH,-Py,), 5.13 (d[AB], 2J(H,H)=
15.4 Hz, 2H; N-CH,-Py,), 5.04 (s, 2H; N-CH,-Py,), 4.97 (t, 3J(H.H) =
75 Hz, 2H; Rh-CH,CH,0-), 2.90 (s, ~3H; H,0), 2.35 (dt, *J(HH)=
75Hz, ?*J(HRh)=25Hz, 2H; Rh-CH,CH,O-); "“C{'H} NMR
(50.33 MHz, [Dglacetone, 298 K): 6 =165.4 (Py,-C2), 162.6 (Py,-C2),
151.9 (Py,-C6), 150.9 (Py,-C6), 139.4 (Py,-C4), 138.4(Py,-C4), 125.9 (Py,-
C3), 125.1 (Py,-C3), 124.6 (Py,-C5), 122.2 (Py,-C5), 78.8 (d, 2J(Rh,C) =
4.0 Hz; Rh-CH,CH,0-), 66.8 (N-CH,-Py,), 64.7 (N-CH,-Py,), 1.3 (d,
!J(CRh) =18.4 Hz; Rh-CH,CH,0-); FAB-MS (m-Noba/CH;CN): m/z:
437 [M+], 393 [M — CH,CH,O]". [3a]* appears to co-precipitate with H,O:
anal. caled for [3a]PF,- 1.5H,0 (CyH,sN,O,sRhPF): C 39.42, H 4.14, N
9.20; found: C 38.60, H 3.62, N 9.41; anal. calcd for [3a](BPh,)-1.5H,0
(Cy4HsN,O,5sRhB): C 67.44, H 5.79, N 7.15; found: C 67.15, H 5.43, N 7.04.
(1*-0,C-2-Oxyethyl)-(ic*-N-[ (6-methyl-2-pyridyl) methyl]-N,N-di(2-pyridyl-
methyl)amine)-rhodium() tetraphenylborate ([3b]BPh,): [{(C,H,),Rh-
(u-Cl1)},] (200 mg, 0.51 mmol) and MeTPA (320 mg, 1.05 mmol) were added
to MeOH (25mL) at —78°C and the mixture was stirred for 1 h. An
aqueous solution of H,0, (0.2 mL, 35%) was added and the solution was
allowed to slowly warm to room temperature. Any undissolved material
was removed by filtration. NaBPh, (360 mg, 1.06 mmol) in MeOH (7 mL)
was added to the solution. The light yellow solid which precipitated was
collected by filtration. After recrystallisation from dichloromethane/
hexane, pure [3b]BPh,-1.5H,0 was obtained as bright yellow crystals
which were suitable for X-ray diffraction. Yield: 64 % (654 mg); 'H NMR
(200.13 MHz, CD,Cl,, 298 K): 6 =8.77 (d, *J(H,H) = 5.6 Hz, 2H; Py,-H6),
7.80-6.50 (m, 9H; Py-H4, Py-HS and Py-H3), 7.36 (m, 8H; BAr-H2, 7.01
(t,*J(H,H) =74 Hz, 8H; BAr-H3), 6.86 (t, *J(H,H) =74 Hz, 4H; BAr-H4),
4.81 (d[AB],%J(H,H) =15.3 Hz, 2H; N-CH,-Py,,), 4.80 (t, *J(H,H) = 7.6 Hz,
2H; Rh-CH,CH,0-), 429 (d[AB], 2/(H,H) =153 Hz, 2H; N-CH,-Py,),
4.10 (s, 2H; N-CH,-Py,), 2.83 (s, 3H; Py,-CH3;), 2.35 (dt,*J(H,H) = 7.6 Hz,
2J(H,Rh)=2.6 Hz, 2H, Rh-CH,CH,0-), 2.05 (s, ~3H; H,0); *C{'H}
NMR (75.47 MHz, CD,Cl,, 298 K): 6 =164.7 (q, 'J(C,B) =48.6 Hz; BAr-
C1), 164.5 (Py,-C2), 164.2 (Py,-C2), 161.6 (Py,-C6), 152.5 (Py,-C6), 139.5
(Py,-C4), 138.5(Py,-C4), 136.8 (BAr-C2), 125.8 (q, */(C,B) =2.8 Hz; BAr-
C3), 126.2 (Py,-C3), 125.8 (Py,-C3), 124.6 (Py,-C5), 122.8 (BAr-C4), 119.6
(Py,-C5), 80.6 (d, 2/(Rh,C) =4.2 Hz; Rh-CH,CH,0-), 66.6 (N-CH,-Py,),
65.5 (N-CH,-Py,), 26.7 (Py,-CH;), 2.5 (d, 'J(C,Rh)=18.0 Hz; Rh-
CH,CH,0-); FAB-MS (m-Noba/CH,Cl,): m/z: 451 [M*], 407 [(M—
CH,CH,0)*]; anal. caled for [3b]BPh,-1.5H,0 (C,;H;;N,BO,sRh): C
67.76, H 5.94, N 7.02; found: C 66.96, H 5.81, N 6.94.
(x'-C-2-Hydroxyethyl)-(chloro)-(«*-N,N,N-tri(2-pyridylmethyl)amine)-
rhodium(r) tetraphenylborate ([6a]BPh,): [3a]BPh, (100 mg, 0.13 mmol)
was dissolved in acetone (15 mL) and NH,CI (100 mg, 1.89 mmol) was
added. The solution was placed in an ultrasonic bath for 15 min, and then
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was stirred for 45 min at room temperature. The solvent was partially
evaporated under vacuum to a volume of ~3 mL. The solution was
carefully top-layered with MeOH (=10mL) resulting in the slow
crystallisation of [6a]BPh,-MeOH as bright yellow crystals. Yield: 87 %
(95 mg); 'H NMR (300.13 MHz, [Dg]DMSO, 298 K): 6=38.80 (d, 1H,
3J(H,H) =5.9 Hz, Py,-H6), 8.56 (d, 2H, 3J(H,H) = 5.6 Hz, Py,-H6), 8.0-7.1
(m, 9H, Py-H4, Py-HS and Py-H3), 720 (m, 8H, BAr-H2), 6.93 (t, 8H,
3J(H,H) =73 Hz, BAr-H3), 6.82 (t, 4H, 3J/(H,H) =73 Hz, BAr-H4), 5.51
(d[AB], 2H, 3/(H,H) = 15.5 Hz, N-CH,-Py,), 5.04 (s, 2H, N-CH,-Py,), 5.02
(d[AB],2H, *J(H,H) = 15.5 Hz, N-CH,-Py,), 441 (t, 1 H, J(H,H) = 5.4 Hz,
Rh-CH,CH,0H), 4.13 (q, 1H, 4.4 Hz, CH;0H), 3.96 (dt, 2H, 3/(H,H) =
8.2 Hz, 3J(H,H) = 5.4 Hz, Rh-CH,CH,OH), 3.18 (d, 3H, *J(H,H) =4.4 Hz,
CH;OH), 3.13 (dt, 2H, 3J(HH)=82Hz, 2J(HRh)=2.6Hz, Rh-
CH,CH,OH); C{'H} NMR (75.47 MHz, [D4]DMSO, 298 K): 6 =165.0
(Py,-C2), 164.2 (Py,-C2), 163.4 (q, J(C,B) =48.5 Hz; BAr-C1), 150.6 (Py,-
C6), 149.2 (Py,-C6), 139.2 (Py,-C4), 138.8(Py,-C4), 135.5 (BAr-C2), 125.3
(q, 3J(C,B)=2.8 Hz; BAr-C3), 125.1 (Py,-C3), 124.3 (Py,-C3), 122.1 (Py,-
C5), 121.5 (BAr-C4, Py,-C5), 65.9 (N-CH,-Py,), 65.0 (N-CH,-Py,), 64.6
(Rh-CH,CH,0OH), 34.4 (d, 'J(C,Rh) =25.0 Hz, Rh-CH,CH,0OH) ; FAB-MS
(m-Noba/CH;CN): m/z: 473 [M — BPh,]*, 428 [M — CH,CH,0O — BPh,]*,
393 [M-CH,CH,O —BPh,—Cl]*; anal. caled for [6a]BPh,- CH;OH
(CyyH;3N,OBRICI): C65.51, H5.74,N 6.79; found: C 65.50, H 6.12, N 6.45.

('-C-2-Methoxyethyl)-(iodo)- (i*-N,N,N-tri(2-pyridylmethyl)amine)-rho-

dium(r) tetraphenylborate ([7a]BPh,): [3a]BPh, (60 mg, 0.08 mmol) was
dissolved in CH,Cl, (10 mL), the solution was cooled to —80°C and Mel
(2 mL, cooled to —80°C) was added. The resulting pale yellow solution was
allowed to warm to room temperature and was then stirred for 1 h, during
which time the colour of the solution gradually changed to bright orange.
The solvent was completely evaporated. Slow, partial evaporation of a
saturated CH;CN solution of the crude product gave bright orange crystals
of [7a]BPh,. Yield: 77 % (55 mg); '"H NMR (300.13 MHz, CD,Cl,, 298 K):
0=2894 (d, 1H, *J(H,H) =5.9 Hz, Py,-H6), 8.31 (d, 2H, */(H,H) =6.2 Hz,
Py,-H6), 7.70—6.60 (m, 9H, Py-H4, Py-H5 and Py-H3), 741 (m, 8H, BAr-
H2), 701 (t, 8H, *J(H,H) =7.3 Hz, BAr-H3), 6.87 (t, 4H, 3/(H,H) =7.3 Hz,
BAr-H4), 5.59 (d[AB], 2H, 3J(H,H) = 15.5 Hz, N-CH,-Py,), 4.34 (d[AB],
2H, %J(H,H) =15.5 Hz, N-CH,-Py,), 4.08 (t, 2H, *J(H,H) =6.3 Hz, Rh-
CH,CH,0-), 4.02 (s, 2H, N-CH,-Py,), 3.55 (s, 3H, -OCH;), 3.28 (dt, 2H,
3J(HH)=63Hz, 2J(HRh)=29Hz, Rh-CH,CH,0O-); *C{'H} NMR
(75.47 MHz, CD,Cl,, 298K): 0=165.1 (Py,-C2), 163.7 (q, J(CB)=
48.5 Hz; BAr-Cl), 163.3 (Py,-C2), 152.2 (Py,-C6), 149.9 (Py,-C6), 139.7
(Py,-C4), 139.4 (Py,-C4), 136.8 (BAr-C2), 126.6 (q, 3J(C,B) =2.8 Hz; BAr-
C3), 126.1 (Py,-C3), 125.8 (Py,-C3), 124.6 (Py,-C5), 122.9 (BAr-C4, Py,-
C5), 79.8 (Rh-CH,CH,0O-), 68.1 (N-CH,-Py,), 64.4 (N-CH,-Py,), 58.7
(-OCHs), 26.3 (d, 'J(C,Rh) = 25.0 Hz, Rh-CH,CH,0-); FAB-MS (m-Noba/
CH;CN): m/z: 579 [M —BPh,]*, 521 [M - CH,CH,0OMe — BPh,+H]*,
393 [M - CH,CH,0OMe —BPh,—1I]*; anal. caled for [7a]BPh,
(C4sHysN,OIBRh): C 60.16, H 5.05, N 6.24; found: C 60.39, H 5.19, N 6.55.

(k2-N,C-2-(Acetimidoyloxy)ethyl)-(V,N,N-tri(2-pyridylmethyl)amine)rho-
dium(@) bis(tetraphenylborate)  ([8]1(BPh,),): [3a]BPh, (100 mg,
0.13 mmol) was dissolved in CH;CN (10 mL) and NH,PFg (25 mg
,0.15 mmol) was added. The solution was stirred at room temperature for
4 h. Subsequently, NaBPh, (45 mg, 0.13 mmol) dissolved in CH;CN (5 mL)
was added. The solvent was partially evaporated under vacuum to a volume
of ~5 mL. Addition of MeOH (=210 mL) precipitated [8](BPh,), as a white
powder. Yield: 88% (131 mg); 'H NMR (200.13 MHz, CD;CN, 298 K): 6 =
8.70 (d, 1H, *J(H,H) = 5.6 Hz, Py,-H6), 8.32 (d, 2H, */(H,H) = 5.9 Hz, Py,-
H6), 8.0-6.8 (m, 9H, Py-H4, Py-H5 and Py-H3), 7.31 (m, 8H, BAr-H2),
7.03 (t, 8H, 3J(H,H) = 7.3 Hz, BAr-H3), 6.87 (t, 4H, *J(H,H) =73 Hz, BAr-
H4), 5.48 (d[AB], 2H, *J(H,H) =16.8 Hz, N-CH,-Py,), 5.08 (d[AB], 2H,
3J(H,H) =16.8 Hz, N-CH,-Py,), 4.84 (s, 2H, N-CH,-Py,), 426 (t, 2H,
3J(HH)=5.6 Hz, Rh-CH,CH,O-), 338 (dt, 2H, 3J(H,H)=5.6Hz,
2J(H,Rh)=2.7 Hz, Rh-CH,CH,0-), 2.11 (s, 3H, -O-C(CH;)=N). The
'"H NMR spectrum in [Ds]DMSO shows an additional signal at 6 =8.35
(brs, 1H, -O-C(CH;)=NH-); *C{'H} NMR (50.33 MHz, [D4]DMSO,
298 K): 0=179.5 (-O-C(CH;)=N), 164.3 (Py,-C2), 163.2 (Py,-C2), 163.4
(q, J(C,B) =48.6 Hz; BAr-C1), 150.2 (Py,-C6), 148.8 (Py,-C6), 140.1 (Py,-
C4), 139.5 (Py,-C4), 135.6 (BAr-C2), 126.0 (Py,-C3), 125.3 (q, *J(C,B) =
2.8 Hz; BAr-C3, Py,-C3), 124.9 (Py,-C5), 122.3 (Py,-C5), 121.6 (BAr-C4)
71.8 (Rh-CH,CH,0O-), 65.6 (N-CH,-Py,), 64.9 (N-CH,-Py,), 284 (d,
1J(C,Rh) =26.4 Hz, Rh-CH,CH,0-), 21.6 (-O-C(CH;)=N); FT-IR (KBr):
7=3605 (m), 3509 (m), 3275 (m), 1634 (s, C=N) cm!; FAB-MS (m-Noba/
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CH;CN): m/z: 798 [M —BPh,]*, 478 [M —H — (BPh,),]*, 393 [M—
(CH,CH,0-C(CH;)=NH-) — (BPh,),+H]*; FAB-MS (m-Noba/CH;CN)
from a sample prepared from a CD;CN solution: m/z: 801 [M — BPh,]*,
481 [M —H - (BPhy),]*, 393 [M — (CH,CH,0-C(CD;)=NH-) —
(BPh,),+H]"; anal. calcd for [8](BPh,),- CH;OH (C;H;NsO,B,Rh): C
74.16, H 6.14, N 6.09; found: C 73.50, H 6.32, N 6.02.
(k2-0,C-2-(Acetylamino)ethyl)-(V,N,N-tri(2-pyridylmethyl)amine)-rho-
dium@m bis(tetraphenylborate)  ([9](BPh,),): [3a]BPh, (100 mg,
0.13 mmol) was dissolved in CH;CN (10mL) and NH,PF, (45mg,
0.28 mmol) was added. The solution was heated to 65°C for 4 h. NaBPh,
(90 mg, 0.26 mmol) dissolved in CH;CN (5 mL) was added. The solvent was
partially evaporated under vacuum to a volume of ~3 mL. The solution
was left to stand which resulted in the slow crystallisation of [9](BPh,),-
CH;CN as transparent/white crystals which were suitable for X-ray
diffraction. Yield: 71% (107 mg); 'H NMR (200.13 MHz, CD;CN,
298K): 6=8.59 (d, 1H, *(HH)=62Hz, Py,-H6), 843 (d, 2H,
3J(H,H) =5.9 Hz, Py,-H6), 8.0-6.8 (m, 9H, Py-H4, Py-H5 and Py-H3),
731 (m, 8H, BAr-H2), 7.03 (t, 8H, *J(H,H) = 7.3 Hz, BAr-H3), 6.87 (t, 4H,
3J(H,H) =7.3 Hz, BAr-H4), 5.45 (d[AB], 2H, 3/(H,H) =15.9 Hz, N-CH -
Py,), 5.07 (d[AB], 2H, 3J(H,H) = 15.9 Hz, N-CH,-Py,), 4.94 (s, 2H, N-CH,-
Py,), 3.47 (dt, 2H, 3J(H,H) = 5.9 Hz, *J(Rh,H) = 2.4 Hz, Rh-CH,CH,NH-),
323 (t, 2H, %(HH)=59Hz, Rh-CH,CH,NH-), 1.80 (s, 3H, NH-
C(CH;)=0-). The '"H NMR spectrum in [Dg]DMSO shows an additional
signal at 6 =9.81 (brs, 1H, NH-); *C{'"H} NMR (50.33 MHz, [Ds]DMSO,
298 K): 0 =178.8 (NH-C(CH;)=0-), 164.9 (Py,-C2), 164.3 (Py,-C2), 163.4
(q, J(C,B) =48.6 Hz; BAr-C1), 150.7 (Py,-C6), 150.4 (Py,-C6), 140.3 (Py,-
C4), 139.4 (Py,-C4), 135.6 (BAr-C2), 125.9 (Py,-C3), 125.3 (q, 3J(C,B) =
2.8 Hz; BAr-C3, Py,-C3), 124.8 (Py,-C5), 122.5 (Py,-C5), 121.6 (BAr-C4)
118.1 (free CH;CN), 65.4 (N-CH,-Py,), 63.9 (N-CH,-Py,), 41.5 (Rh-
CH,CH,NH-), 33.3 (d, 'J(C,Rh) =27.7 Hz, Rh-CH,CH,NH-), 21.5 (NH-
C(CH;)=0-), 1.2 (free CH;CN); FT-IR (KBr): #=3307 (s, NH), 1600 cm™!
(s, C=N); FAB-MS (m-Noba/CH;CN): m/z: 798 [M —BPh,]*, 478 [M —
H — (BPhy),]", 393 [M — (CH,CH,NH-C(CH;)=0-) — (BPh,),+H]"; anal.
caled for [9](BPh,),- CH;CN (C;,HeN;ORB,): C 74.62, H 6.00, N 7.25;
found: C 74.68, H 6.50, N 7.21.
(1%-0,C-2-(1-Methoxy-1-methylethoxy)ethyl)-(N,N,N-tri(2-pyridylmethyl)-
amine)rhodium(@n) tetraphenylborate ([10]BPh,): [3a]BPh, (100 mg,
0.13 mmol) was dissolved in acetone (10 mL). The solution was stirred at
room temperature for seven days. The product was precipitated as a white
powder by the addition of Et,0 (=50mL). 'H NMR (200.13 MHz,
[Dglacetone, 298 K): 0 =8.74 (d, 2H, */(H,H) =5.6 Hz, Py,-H6), 8.67 (d,
1H,3/(H,H) = 5.6 Hz, Py,-H6), 8.0- 6.8 (m, 9H, Py-H4, Py-H5 and Py-H3),
7.36 (m, 8H, BAr-H2), 6.93 (t, 8H, *J(H,H) = 7.1 Hz, BAr-H3), 6.78 (t, 4 H,
3J(H,H) ="7.1 Hz, BAr-H4), 5.55 (d[AB], 2H, 3/(H.H) =14.7 Hz, N-CH.-
Py,), 5.09 (s, 2H, N-CH,-Py,), 4.98 (d[AB], 2H, /(H,H) = 14.7 Hz, N-CH,-
Py,), 3.55 (t, 2H, *J(HH)=5.6 Hz, Rh-CH,CH,0-), 3.14 (dt, 2H,
3J(HH) =5.6 Hz, 2J(H,Rh) =2.7 Hz, Rh-CH,CH,0-), 0.60 (s, 6H, -O-
C(CHj3),-O); FAB-MS (m-Noba/CH;CN): m/z: 453, 428, 391; FAB-MS (m-
Noba/CH;CN) from a sample prepared from an [Dgacetone solution: m/z:
589, 452, 438, 429, 394, 391.
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