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A Chelate with Conformational Memory ?**

M. Aranzazu Alonso, Juan A. Casares, Pablo Espinet,*
and Katerina Soulantica

Advances in NMR techniques have enabled detailed
observation of some dynamic phenomena at the molecular
level. One problem that has attracted attention is restricted
rotation around single bonds,'! particularly in chiral mole-
cules. Because of their movements, some molecular systems
have been referred to as molecular motors, brakes, ratchets,
etc.> The possible selective directionality of these restricted
rotations is governed by the principle of microscopic rever-
sibility: Rotations that interconvert degenerate states cannot
have a preferred sense.> ! An illustrative case of this and
other related basic aspects is presented here.

The complexes [Rh(diene){P(bzN),}|BF, (1: diene=1,5-
cyclooctadiene (cod), 2: diene = tetrafluorobenzobarrelene
(tfb); bzN = 2-(dimethylaminomethyl)phenyl) are square pla-
nar in solution, and the P(bzN); ligand acts as a PN chelate

with two pendant amino group arms. The chelate ring has a
boat conformation, which makes the complexes chiral (rac-
emic).”l Racemization by inversion of the boat is slow on the
NMR time scale at room temperature, as can be seen in the 'H
COSY spectrum of 1 (Figure 1). The four olefinic hydrogen
atoms are inequivalent, the CH, groups give rise to three AB
systems, and the methyl groups give four singlets (3:3:6:6);
hence, the two methyl groups on the coordinated N center are
inequivalent, and those at each pendant N atom are equiv-
alent owing to fast inversion of the amino group, although the
two pendant arms are inequivalent.[®! The coordination plane
clearly defines two half-spaces, one concave and one convex,]
which contain the two possible positions for nucleophilic
attack by an entering ligand (Scheme 1).
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Figure 1. '"H COSY spectrum (300 MHz, CDCl;,20°C) of 1. 2A/2B, 3A/3B,
and 4A/4B are the three methylene groups, each of which constitutes an
AB spin system. Label 1 denotes the olefinic protons: cis to the coordinated
N atom to the left, and cis to the coordinated P atom to the right; note the
pronounced upfield shift of the olefinic proton at & 2.1, probably due to
anisotropic shielding by the aromatic rings of the pendant arms.
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Scheme 1. Two possible positions for nucleophilic attack by an entering
nucleophile.

The striking behavior of 1 and 2 is that they undergo
exchange between the coordinated and pendant amino groups
with complete retention of the conformation of the ring. It can
be said that the molecule remembers the conformation of the
ring during the exchange process. This is clearly seen in the 'H
EXSY spectrum of 1 at room temperature (Figure 2):1°11) All
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Figure 2. '"H EXSY spectrum (300 MHz, CDCl;, 20°C) of 1. Label 5
indicates cross-peaks of the methyl groups, and the others are cross-peaks
of the methylene protons, numbered as in the COSY spectrum of Figure 1.
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the methyl groups exchange with each other; 2) the olefinic
protons do not exchange; and 3) all the methylene groups
undergo selective exchange, in which the inequivalence of
their two protons is conserved. This is consistent only with an
associative substitution mechanism, in which the incoming
ligand adopts the same configuration as the leaving group. A
dissociative mechanism or a fast inversion of the boat can be
discounted, as both should lead to exchange of the olefinic
protons on the same double bond and of all methylene
protons; that is, racemization would occur simultaneously
with exchange of the N centers. (A three-coordinate inter-
mediate would have a symmetry plane, and fast inversion of
the boat would generate a time-averaged plane of symmetry
in the square-planar complex or in the trigonal bipyramidal
pentacoordinate intermediate.) These observations are fur-
ther supported by magnetization transfer experiments,!'!]
which clearly show that the selective inversion of a given
methylene proton leads to magnetization transfer to only two
other methylene protons, each on a different methylene
group; moreover, the magnitude of the magnetization transfer
to these is, within the experimental error, the same. Hence, the
two pendant arms exchange at the same rate with a coordinated
arm, that is, attack at the concave and the convex positions
occurs at the same rate, and both produce the conformation of
the ring that is already present in the molecule.

The two processes were investigated independently for 2.
The rate of ligand exchange was measured by line-shape
analysis of the singlets of the methyl groups,!l which afforded
AG#s=557kImol™' (AH*=51.5+£27kJmol!, AS*=
—144+10JK'mol!). The inversion of the boat conforma-
tion was studied by magnetization transfer on the F atoms of
the tfb ligand, which gave AG#;=66.9 kimol~! (AH*=
49.6 +£2.7kJmol!; AS*=-58+10JK'mol™!). At 298K
the rate of exchange of pendant and coordinated amino
groups in 2 is about 100 times faster than the inversion of the
boat.

The associative substitution mechanism is shown in
Scheme 2, starting from one of the two enantiomers. It
deserves several comments on the concept of chirality:

Scheme 2. a) Nucleophilic attack at the concave site. b) Nucleophilic
attack at the convex site. For clarity the aromatic ring is represented by a
double bond, and the olefin bound to Rh has been omitted.

1) The two pendant arms are disposed in such a way that N?
can attack the concave position, and N* the convex position.

1433-7851/99/3804-0534 $ 17.50+.50/0 Angew. Chem. Int. Ed. 1999, 38, No. 4



COMMUNICATIONS

Although steric hindrance at the two sites appears to be very
different, attack occur at the same rate at both. Otherwise
there would be a preferred sense for rotation, but this cannot
occur if both rotations give rise to identical molecules, that is,
the motion interconverts degenerate states. This problem was
discussed in detail for the rotation of triptycenes™ and an aryl
ring.P’l Although the approach to one of the two sites is
initially less hindered, the rate of substitution is controlled
only by the energy of the transition state, which is the same
regardless of the initial position of attack.

2) The pendant arms are not chiral, but they are “prochi-
ral” in the sense that chirality is produced upon coordination
and adoption of a particular conformation. Thus, in the
substitution reaction chirality is efficiently induced in the
“prochiral” entering arm by the chiral leaving arm. It can be
said that the system exhibits “strong chirality towards the
entering arm,!¥! the origin of which is clearly geometric: The
pentacoordinate intermediate has severe steric constraints
which can be minimized only if the two nonplanar rings are
stacked concave/concave (or convex/convex), but not con-
cave/convex. The incoming ligand adopts the conformation
with the best ”steric complementarity” to the coordinated
ligand.'4l

3) The system is an example of the principle of self-
regeneration of stereocenters.'’] Here the “stereocenter” is
the conformation of the chelating ring, which, for a given arm,
is lost and regenerated during the exchange process.

4) Racemization of the complex requires inversion of the
boat conformation, which takes place (ks =11.7 s7!) without
any bond scission. Thus the system possesses what has been
called “dynamic chirality”, and consequently the exchange
process is an example of a reaction with “memory of
chirality”.l'! Clearly, its “good memory” is also associated
with the large difference in rate between the exchange and the
racemization processes: On the time scale of the exchange
process (ks =1054.7 s7') the conformation of the boat is
static.

In summary, there is no need for coining a new term, as the
“conformational memory” of these molecules can be analyzed
on the basis of well-known concepts: The induction of
chirality, the effect of differences in the rates of “simulta-
neous” processes, and the principle of microscopic reversi-
bility.

Experimental Section

Compounds 1 and 2 were prepared from their corresponding precursors!!’]
as follows: A solution of [{Rh(diene)(u-Cl)},] and P(bzN); in acetone was
treated with AgBF, (for 1) or TIBF, (for 2). After 1 h insoluble MCl (M =
Ag, Tl) was filtered off, and the complex was crystallized by concentration
to a small volume, addition of ethanol, and cooling to —20°C. 1: Yield:
78 % ; elemental analysis calcd for C;sH,sBF,N;PRh: C57.47, N 5.75, H 6.61;
found: C 57.19, N 5.88, H 6.31; 'H NMR (CDCl;, 300 MHz, 20°C): 6 =
10.08 (m, 1H), 8.06 (m, 1H), 7.93 (m, 1H), 7.85 (m, 3H), 7.63 (m, 2H), 7.50
(m, 1H), 7.40-7.10 (m, 3H), 5.60 (m, 1H), 5.25 (m, 1H), 4.08 (d, 1H), 3.81
(d,1H),3.45(d,1H),3.39 (m,2H), 3.12 (d, 1 H), 2.88 (m, 1 H), 2.80 (s, 3H),
2.72 (m, 2H), 2.50 (m, 2H), 2.43 (s, 3H), 2.31 (m, 8 H), 1.82 (s, 6 H), 1.78 (m,
2H), 1.57 (m, 1H); 3P NMR (CDCl;, 121.4 MHz, 20°C): 6 =214 (d,
Jrep=153Hz). 2: Yield: 71%; elemental analysis caled for
C3H,,BFN;PRh: C 55.14, N 4.94, H 4.98; found: C 54.59, N 4.53, H
5.10; 'TH NMR (CDCl;, 300 MHz, 213 K): 6 =10.25 (m, 1H), 7.93 (m, 2H),
779 (m, 1H), 7.70 (m, 1H), 7.55 (m, 2H), 7.45 (m, 1H), 7.35 (m, 2H), 7.17
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(m, 1H), 6.97 (m, 1H), 6.03 (m, 1H), 5.88 (m, 1H), 5.45 (m, 1H), 5.33 (m,
1H), 4.01 (m, 1 H), 3.82 (m, 1 H), 3.38 (m, 2H), 3.21 (m, 1 H), 3.16 (m, 1 H),
2.89 (m, 1H), 2.79 (s, 3H), 2.43 (s, 6 H), 2.39 (s, 3H), 2.15 (m, 1 H), 1.84 (s,
6H);*P (NMR, 121.4 MHz, CDCl,, 213 K): 6 = 26.3 (d, Jyp = 172 Hz). °F
NMR (CDCl,, 20°C): 6 = —145.6 (m, 1F), —146.7 (m, 1F), — 152.07 (s, 4F,
BF,"), —158.7 (m, 2F).
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