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Chiral recognition in phosphinic acid dimers

Óscar Picazo,1 Ibon Alkorta,1* Jose Elguero,1 Otilia Mó2 and Manuel Yáñez2
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ABSTRACT: A theoretical study of chiral recognition in the minimum and proton transfer transition state structures
of 15 pairs of chiral phosphinic acid dimers was carried out using DFT and MP2 methods, up to the MP2/6–
311þþG(3df,2p) level. The proton transfer proceeds via a concerted pathway in all cases studied. Even though these
complexes show high interaction energies, of the order of 120 kJ mol�1, and short interatomic HB distances, our
results show small energy differences between the homochiral (RR or SS) and the heterochiral dimers (RS or SR) both
in the equilibrium configuration and in the proton transfer transition state owing to the disposition of the nonoxygen
substituents of the phosphorus atom as proved with additional model complexes. Copyright # 2005 John Wiley &
Sons, Ltd.
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INTRODUCTION

The forces that determine molecular structures can be
classified into covalent, metallic and noncovalent, which,
with some overlapping, correspond to strong, medium
and weak or to organic, coordination and supramolecular
chemistry. All have the same importance for chemistry
and for life, but the weaker they are, the more difficult
they are to study and characterize.

Concerning non-covalent interactions, it is important
to consider, in addition to their strength, the fact that there
are two possibilities: either the groups that interact are
complementary (the most common case) or identical.
Identical groups that show attractive effects are found
only in van der Waals interactions (possible also for
different groups). A metallic center can bring together
two identical ligands such as two phosphines, two cyclo-
pentadienyls or two benzenes. One of the most important
of the weak interactions, the hydrogen bond (HB), always
occurs between two complementary groups (Scheme 1).

This assertion needs to be clarified. For instance, two
or more water molecules are associated through HBs.
However the two molecules are different: one acts as an
HB donor (HBD, —O) and the other as an HB acceptor
(HBA, ���, Scheme 2). The same happens to all HBs
between identical molecules.

When two neutral molecules, a charged and a neutral
molecule or two molecules of opposite charge approach

each other, a bimolecular equilibrium structure is formed.
If both molecules are chiral (this is the most common
case but it is not a necessary condition),1 two supramo-
lecular complexes that differ in energy can be formed, the
RR(SS) and the RS(SR) forms. This phenomenon is called
chiral recognition; the name becomes self-recognition if
the two molecules are identical. The recognition could
involve three, two or one interaction. From simple parity
considerations, if three centered HBs are excluded, self-
recognition using HBs is only possible in the case of two
interactions (see Scheme 3, complex 2b). One interaction
needs identical groups (‘, complex 1a) and three inter-
actions need one (complex 3b) or three identical groups
(a rather improbable situation unless metallic centers are
involved).

Bifurcated (three-centered) HBs2 destroy the 1:1 parity
and three interactions between two identical molecules
are possible (Scheme 4).

We need now to discuss the famous three-point attach-
ment (TPA) model of Easson and Stedman of 1933.3,4

This model applies clearly to the case of complementary
groups belonging to two different molecules (Scheme 5),
for instance to drug receptor interaction or to chiral
chromatography.

The rule was later restated by Pirkle and House as
‘chiral recognition requires a minimum of three simulta-
neous interactions, with at least one of these interactions
to be stereochemically dependent’.5 There has been
controversy about the minimum requirements for chiral
recognition.6–8 Further insights into TPA were provided
by the work of Copeland9 and Lebrilla and co-workers.10

However, this model does not apply to self-recognition.
As we have discussed previously, self-recognition usually
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occurs through mechanism 2b (Scheme 3) when hydro-
gen bonds (HBs) mediated the interaction. We have in
progress a research program aimed at the study and
comprehension of chiral self-recognition between enan-
tiomers mediated by HBs. We have used monomers that
have both a hydrogen-bond donor (HBD) and a hydro-
gen-bond acceptor (HBA) site, that is, in the dimer
the two monomers are linked by two HBs, e.g. hydrogen
peroxide,11 �-amino alcohols,12 sulfoxides13 and
pyrrolo[2,3-c]pyrroles.14

We have now turned our attention to phosphinic acid
(PA) derivatives, for two reasons. One is that they are
commercial chiral phosphinic acids (they become pro-
chiral in solution owing to prototropic tautomerism
involving the P——O and the P—O—H groups). The
second and most important reason is that the phosphinic

acid dimer represents one of the strongest neutral hydro-
gen-bonded dimers described in the literature. The IR
spectrum in gas phase of dimethylphosphinic acid pub-
lished by Denisov and co-workers15 showed the existence
of the characteristic ABC structure of the v(OH) band,
only compatible with the presence of two very strong
HBs within the dimer. The experimental value of the
dimerization enthalpy for the dimethylphosphinic acid
(100 kJ mol�1) has been reproduced using DFT calcula-
tions with large basis sets.16 Theoretically, the possibility
of obtaining spontaneous proton transfer (autoionization)
in some PA heterodimers has been demonstrated.17

The tetrahedral nature of the phosphorus atom in the
PA derivatives opens up the possibility of obtaining chiral
compounds as in the case of the phosphinic amides or the
PA derivatives, recently described.18 In 1977, Harger
analyzed the chiral recognition in phosphinic amides,19

and more recently Paladini et al. studied the enantiodis-
crimination of metallic complexes of �-aminophospho-
nic acids using mass spectrometric techniques.20

Several other experimental studies have addressed the
chiral recognition through HB interactions. Thus, gas-
phase complexations of 2-butanol21 and glycidol22

dimers have been carried out and the dimers, trimers
and tetramers of lactate have been characterized using
FTIR spectroscopy.23 In addition to our work cited
above,11–14 other workers have provided examples of
chiral recognition. For instance, the diastereomeric inter-
action between a chiral system with the two enantiomeric
forms of another molecule has been calculated for simple
ether derivatives of oxirane and hydrogen peroxide.24

The solvent effect on chiral discrimination has been
studied in dimers of hydrogen peroxide and its methyl
derivative.25 The interaction of 2-naphthyl-1-ethanol
with chiral and non-chiral alcohols has been studied
experimental and theoretically.26

In the present work, the chiral recognition of a chiral
PA derivative by itself (homochiral dimer, RR or SS, true
self-recognition) or by its enantiomer (heterochiral di-
mer, RS or SR, pseudo self-recognition) through an HB
complex was investigated using DFT and ab initio meth-
ods. In addition, the proton transfer processes for all the
dimers considered previously have been studied.

METHODS

The geometries and energies of the monomers and dimers
were obtained using the Gaussian 98 package.27 Initially,
the geometries were optimized using the B3LYP/6–
31þG(d,p) method.28,29 The minimum and transition
state nature of the structures was verified by frequency
calculation at the same computational level. A further
optimization was carried out at the MP2/6–311þG(d,p)
level.30,31 Finally, the MP2/6–311þþG(3df,2p) energies
were evaluated on the MP2/6–311þG(d,p) geometries
(abbreviated as MP2/G2). The energies were corrected

Scheme 1

Scheme 2

Scheme 3. Bimolecular complexes between identical
molecules

Scheme 4. Bimolecular complexes involving three-centered
hydrogen bonds

Scheme 5. Two examples of the TPA model
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from the inherent Basis Set Superposition Error (BSSE)
using the full counterpoise method32 as defined by

BSSEðABÞ ¼ EðAÞA � EðAÞAB þ EðBÞB � EðBÞAB

ð1Þ

where E(A)AB represents the energy calculated for mono-
mer A using its geometry in the complex and the
complete set of basis functions used to describe the dimer
and E(A)A is the energy for monomer A using its
geometry in the complex and its basis set.

RESULTS AND DISCUSSION

The chirality of the phosphinic acids relies on the pre-
sence of two non-identical substituents on the phosphorus
atom and the position of the hydrogen bond to one of the
two oxygens linked to the phosphorus. The gas-phase
intramolecular proton transfer (Fig. 1), which could
lead to the racemization of some of the molecules
studied here, presents very high activation barriers
(>140 kJ mol�1) as shown in Table 1. The three methods
considered here provide similar results. Systematically,
the lower barriers are those evaluated at the MP2/6–
311þþG(3df,2p)//MP2/6–311þG** level, followed by
the B3LYP/6–31þG** estimates. Larger barriers are
obtained at the MP2/6–311þG** level, but the differ-
ences observed are never greater than 11 kJ mol�1, which
represents 7% of the total value.

The height of the barrier increases with the electron-
withdrawing capacity of the substituents. If one of the
substituents is fixed, the following trend can be observed
in the activation barriers as a function of the other
substituent: tBu <Me <Br <Cl <F, CF3. Further, the
barriers are larger for the fluorine-substituted series than
for the unsubstituted compounds, the barriers for the
methylated derivatives being the smallest.

A schematic representation of the phosphinic acid
dimers is shown in Fig. 2. The proton transfer TS
structures correspond to a concerted process with a higher
symmetry than the corresponding minima. In addition,
the proton transfer produces an inversion of the chirality
of the phosphinic acids molecules; thus, an RR dimer
after the proton transfer generates an SS dimer whereas
the RS dimer is connected with the SR dimer.

The interaction energies and concerted proton transfer
barriers of the 15 pairs of dimers studied here are given in

Table 2. The values obtained show interaction energies
between �93 and �106 kJ mol�1 at the highest computa-
tional level considered here [MP2/6–311þþG(3df,2p)//
MP2/6–311þG**], that have been used as reference
values. The B3LYP/6–31þG** results systematically
underestimate those results, the average difference being
8 kJ mol�1. The interaction energies obtained at the MP2/
6–311þG** level of theory are very similar to those
calculated with the larger basis set, the largest absolute
deviation being 2 kJ mol�1, but when the BSSE correc-
tion is taken into account the difference increases to an
average of 15 kJ mol�1.

The barriers obtained (between 14 and 20 kJ mol�1)
indicate the ease of the proton transfer process (Table 2).
In addition, the inclusion of ZPE corrections obtained
using harmonic frequencies8 leads to negative TS bar-
riers, an indication that this is, in practice, an almost
barrierless process as in the case of low barrier hydrogen
bonds (LBHB).33 The comparison of the different meth-
ods provides a picture radically different to that obtained
from the energies of the minima. In this case, the B3LYP/
6–311þG** calculation yields similar values to those at
the MP2 level with the large basis set, underestimating
those by 2.2 kJ mol�1 on average. These results are in
accord with previous reports that have shown that DFT
calculations underestimate TS barriers.34 In contrast, the
MP2/6–311þG** values are systematically larger than
the reference values in the a range 4.0–7.8 kJ mol�1 and
an average of 5.7 kJ mol� for the cases studied here.

Some of the geometric parameters of the complexes
studied are given in Table 3. The strength of the interac-
tion is reflected in short H � � �O distances (1.59 Å on
average) and in elongation of the covalent O—H bond
(0.04 Å) with respect to the corresponding value in the
isolated monomers. The effect of the substituents on the
HB seems to be small owing to the narrow range of values

Figure 1. Schematic representation of the proton transfer
process in the isolated phosphinic acid monomers

Table 1. Calculated intramolecular TS barriers (kJmol�1) in
the gas phase

B3LYP/ MP2/
X Y 6–31þG** 6–311þG** MP2/G2

F H 159.64 165.60 156.05
Cl H 156.18 161.57 150.43
Br H 155.28 161.19 150.56
CH3 H 146.06 151.21 142.73
CF3 H 159.22 165.04 155.91
C(CH3)3 H 141.98 147.62 139.10
F CH3 154.47 160.71 151.02
Cl CH3 151.87 157.10 147.00
Br CH3 150.98 156.66 147.07
CF3 CH3 153.71 159.00 151.05
C(CH3)3 CH3 137.47 142.67 134.99
Cl F 163.77 168.85 159.95
Br F 161.58 166.92 158.59
CF3 F 166.53 172.94 164.25
C(CH3)3 F 150.25 157.32 147.55
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obtained for the different geometric parameters of the HB
(0.07 and 0.01 Å in the O � � �H and O—H distances,
respectively).

In the TS structures, compression of the systems is
observed, which facilitates the proton transfer, as com-
pared with the minima. Thus the interatomic O � � �O
distance changes on average from 2.58 Å in the minima
to 2.38 Å in the TS. In addition, it is observed that the
OHO angle shows a value of 177� on average for the TSs,

whereas for the minima this average is 169�, in agree-
ment with the general rule that states that shorter HBs are
in general more linear.35 As discussed previously for the
minima, distances obtained for the geometric parameters
of the HB vary in a very narrow range (0.006 Å for the
O � � �H distance).

The chiral discrimination values, obtained as the dif-
ference between the homo-and the heterochiral structures
(minima or TS), are given in Table 4. In the case of the

Figure 2. Schematic representation of the homochiral and heterochiral
dimers and proton transfer processes

Table 2. Calculated corrected interaction energies and TS barriers (kJmol�1) for the chiral phosphinic acid dimers

Minima TS

X Y Chirality B3LYP MP2 MP2/G2 B3LYP MP2 MP2/G2

F H RR �90.25 �80.78 �95.61 14.60 24.26 17.34
F H RS �90.80 �81.28 �95.44 14.51 24.10 17.01
Cl H RR �87.37 �79.07 �95.73 15.99 25.78 18.25
Cl H RS �88.44 �79.97 �95.79 15.67 24.70 17.29
Br H RR �85.29 �78.52 �95.51 16.49 26.61 19.11
Br H RS �87.45 �79.24 �95.14 15.67 25.55 17.75
CH3 H RR �94.99 �86.27 �100.62 16.70 24.84 19.73
CH3 H RS �96.48 �86.90 �100.90 15.48 23.28 17.77
CF3 H RR �88.45 �79.17 �95.24 15.30 25.75 18.59
CF3 H RS �89.27 �79.47 �95.42 14.81 23.89 18.04
C(CH3)3 H RR �95.06 �88.43 �102.65 15.19 20.22 15.80
C(CH3)3 H RS �95.95 �88.70 �102.56 13.84 20.06 16.07
F CH3 RR �93.22 �84.60 �98.60 14.08 22.03 16.50
F CH3 RS �94.13 �85.31 �98.91 13.80 21.73 16.36
Cl CH3 RR �90.41 �83.67 �99.50 15.12 22.45 17.33
Cl CH3 RS �91.99 �85.12 �99.66 14.64 21.78 16.22
Br CH3 RR �88.06 �83.79 �99.67 15.31 22.88 17.76
Br CH3 RS �90.74 �84.82 �99.53 14.34 22.11 16.51
CF3 CH3 RR �91.83 �84.44 �105.86 14.32 22.14 16.97
CF3 CH3 RS �93.68 �85.78 �106.53 13.52 20.59 16.39
C(CH3)3 CH3 RR �94.24 �89.27 �104.68 13.58 17.73 13.34
C(CH3)3 CH3 RS �95.15 �90.01 �105.28 14.18 20.45 16.30
Cl F RR �86.29 �80.16 �93.90 16.08 24.16 18.24
Cl F RS �86.31 �79.91 �93.61 16.12 24.43 18.21
Br F RR �83.87 �78.43 �93.35 17.43 25.34 18.66
Br F RS �84.98 �78.56 �93.13 16.87 25.49 18.58
CF3 F RR �86.70 �79.10 �93.23 14.78 22.61 17.83
CF3 F RS �86.87 �79.09 �93.03 14.48 22.51 17.29
C(CH3)3 F RR �94.07 �85.57 �101.47 13.58 19.37 15.01
C(CH3)3 F RS �94.84 �86.11 �101.88 12.89 19.15 14.82
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minima, the BSSE corrections were considered and it was
found to be specially important in the bromine derivatives
at the B3LYP/6–31þG** level, where this correction
accounts for a change of as much as 2.7 kJ mol�1 in the

energy gap between the homo and the heterochiral
complexes.

The comparison of the corrected relative energies of
the minima shows that in all cases the B3LYP/6–31þG**

Table 3. Geometrical parameters (Å, �) of the phosphinic acid dimers and the TS structures

Minima TS

X Y Chirality O � � �H OH O � � �O O � � �HO O � � �H O � � �O O � � �HO

F H RR 1.593 1.001 2.584 169.8 1.192 2.383 176.6
F H RS 1.596 1.001 2.586 169.2 1.192 2.383 176.4
Cl H RR 1.616 0.999 2.598 166.4 1.194 2.385 175.3
Cl H RS 1.608 1.001 2.591 166.1 1.194 2.386 175.0
Br H RR 1.620 1.000 2.601 166.1 1.195 2.387 175.1
Br H RS 1.615 1.000 2.595 165.3 1.195 2.388 174.9
CH3 H RR 1.597 1.001 2.589 169.5 1.192 2.384 177.8
CH3 H RS 1.589 1.003 2.583 169.7 1.194 2.388 176.8
CF3 H RR 1.615 1.000 2.599 167.0 1.194 2.386 176.0
CF3 H RS 1.605 1.002 2.591 167.1 1.195 2.387 175.3
C(CH3)3 H RR 1.571 1.006 2.572 172.0 1.191 2.382 178.4
C(CH3)3 H RS 1.569 1.006 2.570 172.5 1.193 2.386 178.2
F CH3 RR 1.578 1.004 2.576 171.8 1.192 2.384 177.3
F CH3 RS 1.576 1.004 2.574 171.2 1.193 2.385 177.2
Cl CH3 RR 1.586 1.004 2.580 169.5 1.194 2.387 176.5
Cl CH3 RS 1.583 1.004 2.575 168.6 1.194 2.386 176.3
Br CH3 RR 1.590 1.004 2.584 169.7 1.195 2.388 176.4
Br CH3 RS 1.588 1.004 2.579 168.4 1.195 2.388 176.3
CF3 CH3 RR 1.582 1.005 2.578 170.4 1.193 2.386 177.0
CF3 CH3 RS 1.573 1.007 2.570 170.0 1.195 2.388 176.2
C(CH3)3 CH3 RR 1.563 1.008 2.571 169.9 1.191 2.383 179.5
C(CH3)3 CH3 RS 1.569 1.006 2.570 172.5 1.194 2.387 178.2
Cl F RR 1.583 1.000 2.574 170.0 1.189 2.379 178.1
Cl F RS 1.589 1.000 2.577 168.7 1.189 2.379 175.0
Br F RR 1.604 0.999 2.590 168.4 1.190 2.380 178.3
Br F RS 1.604 0.999 2.589 168.0 1.190 2.380 178.0
CF3 F RR 1.583 1.002 2.575 170.0 1.191 2.381 177.0
CF3 F RS 1.580 1.003 2.573 170.1 1.191 2.381 177.2
C(CH3)3 F RR 1.558 1.007 2.561 173.5 1.192 2.383 177.5
C(CH3)3 F RS 1.553 1.008 2.557 173.5 1.192 2.383 178.5

Table 4. Chiral discrimination in the phosphinic acid dimers (kJmol�1)a

Minima TS

X Y B3LYP MP2 MP2/G2 B3LYP MP2 MP2/G2

F H �0.54 �0.50 0.16 �0.66 �0.99 �0.13
Cl H �1.07 �0.90 �0.07 �1.52 �1.16 �0.82
Br H �2.16 �0.72 0.37 �0.48 �1.54 �0.87
CH3 H �1.49 �0.63 �0.28 �2.78 �2.88 �2.52
CF3 H �0.82 �0.30 �0.18 �1.33 �0.99 0.22
C(CH3)3 H �0.88 �0.27 0.09 �2.15 �0.16 0.29
F CH3 �0.92 �0.71 �0.31 �1.16 �1.52 �0.58
Cl CH3 �1.58 �1.44 �0.16 �2.00 �0.81 �0.93
Br CH3 �2.67 �1.02 0.14 �0.94 �1.43 �0.99
CF3 CH3 �1.85 �1.34 �0.67 �2.61 �2.69 �1.22
C(CH3)3 CH3 �0.91 �0.75 �0.60 �0.24 1.70 1.77
Cl F �0.01 0.26 0.29 �0.13 0.03 �0.11
Br F �1.10 �0.13 0.22 �0.72 �0.42 0.00
CF3 F �0.17 0.01 0.20 �0.56 �0.32 �0.38
C(CH3)3 F �0.77 �0.54 �0.41 �1.44 �1.25 �0.88

a The homochiral dimer is used as reference in all cases.
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approach favors systematically the heterochiral com-
plexes. Similar findings, with the only exception of the
(F, Cl) and the (F, CF3) derivatives are observed when the
MP2/6–311þG** approach is used. Conversely, for al-
most half of the complexes studied (7 out of 15), the
MP2/G2 approach predicts the homochiral complexes to
be the most stable. In summary, the B3LYP calculations
correspond in all cases to a preference for the heterochiral
complexes; two homochiral complexes are preferred at
the MP2/6–311þG** level and seven at the MP2/G2
level.

The analysis of the MP2/G2 data shows that the
replacement of the hydrogen by a methyl group as a
substituent of the phosphorus atom favors the corre-
sponding heterochiral complex, with the only exception
of the bromine derivative. Fluorine substitution has a less
systematic effect and only for three out of the five
complexes are the heterochiral complexes favored. In
any case, for the complexes studied at the MP2/G2 level,
the chiral recognition in the minima is small, ranging
from �0.67 to 0.37 kJ mol�1.

In the TS (Table 4), the compression of the O � � �O
distance associated with the proton transfer increases, in
general, the chiral discrimination in the heterochiral cases
at all the computational levels. These results agree with
previous reports of chiral proton transfer.14 The largest
chiral discrimination, at the three computational levels
considered here, corresponds to the monomethylated
derivative (X¼CH3, Y¼H) with an energy value of
�2.52 kJ mol�1 at the MP2/G2 level. Only in one case is
the homochiral TS favored [X¼C(CH3)3, Y¼CH3] with
a relative energy of 1.77 kJ mol�1.

The small chiral discrimination found in the dimers
studied could be associated with the tetrahedral disposi-
tion of the phosphorus atom that keeps far apart the
non-oxygen substituents, reducing the possibility of in-
teraction between them, in both the homo- and the
heterochiral complexes and, subsequently, diminishing
the energy differences. A way to check this hypothesis is
to build a molecular scaffold that locates the substituents
in closer proximity within the dimers (Fig. 3).

Figure 3. New dimers designed to increase the interaction between
the non-oxygen substituents of the phosphorus atom

Table 5. Calculated corrected interaction energies, chiral
discrimination (kJmol�1) and HB geometric characteristics
(Å, �) for the dimers of 2 calculated at the B3LYP/6–31þG**
level

Chiral
X Y Chirality EI discrimination O � � �H OH � � �O

F H RR �87.68 1.549 175.9
F H RS �90.44 �2.76 1.545 176.3
Cl H RR �85.96 1.555 174.7
Cl H RS �87.21 �1.25 1.543 177.0
Br H RR �82.72 1.555 175.0
Br H RS �82.02 0.70 1.545 176.2
CH3 H RR �88.12 1.580 172.3
CH3 H RS �87.67 0.45 1.586 173.3
CF3 H RR �77.38 1.567 172.4
CF3 H RS �86.56 �9.19 1.533 177.0
C(CH3)3 H RR �85.41 1.593 172.1
C(CH3)3 H RS �86.67 �1.26 1.596 174.3

Figure 4. Optimized geometries of the homo- and heterochiral X/Y¼CF3/H dimers
calculated at the B3LYP/6–31þG** level
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The calculated interaction energies and the chiral
discrimination of the dimers of 2 are reported in
Table 5. Several of the characteristics of these dimers
are similar to those of the dimers of 1, such as the
interaction energy and geometric characteristic of the
HB formed. However, in the case of 2, several of
the complexes show large chiral discriminations, espe-
cially in the case of the X/Y¼CF3/H dimers, where
the heterochiral complex is 9.2 kJ mol�1 more stable
than the homochiral complex (Fig. 4).

CONCLUSIONS

The interaction energies in the dimers are very large
whereas the barriers for the proton transfer process have
very small TS, which in practice disappear when ZPE
corrections using harmonic frequencies are included.

Even though these complexes show large interaction
energies and short interatomic HB distances, the chiral
discrimination values are very dependent on the position
of the non-oxygen substituents. Hence only scaffolds that
orient the substituent in the same region of the space
within the dimer are able to provide significant chiral
discrimination.

To have a clear self-recognition between molecules
through HBs, two conditions are necessary: strong HBs
and proximity of the substituents (i.e. weak forces
between substituents, such as steric hindrance, dipole–
dipole, hydrophobic, electrostatic and dispersive interac-
tions). However, the relative weight of these two
conditions cannot be easily established a priori. Our
study shows that phosphinic acids amply satisfy the first
condition but not the second. These results together with
those reported in our previous work11–14 lead to the
inescapable conclusion that proximity is more important
than strength.

The HB distance contraction characteristic of the TSs14

increases the discrimination. This is related to the fact
that kinetic resolutions have more chances of succeeding
than equilibrium-based procedures.

It has been proved again that chiral self-recognition
does not need three points; two, and maybe one, are
sufficient. The interaction between two chiral entities is
diastereomeric independently of the number, 1–3, of the
attachments. It is hoped that this proposal will initiate an
extensive re-examination of chiral recognition.
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