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Chiral Selectivity in Elementary Peptidepeptide interactions 
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Measurement of the heats of dilution of aqueous solutions of uncharged amide derivatives of some amino acids 
and dipeptides at 298.1 5 K reveals that chiral recognition is energetically significant for diastereoisomeric, pairwise 
interactions involving monomer-monomer, monomer-dimer, and dimer-dimer species containing L- or D-alanine. 

Chirality is one molecular characteristic which is a most 
definite index of life.* The general existence of molecular 
dis-symmetry, first recognised by P a s t e d  in stereohomo- 
geneous form, could in principle have resulted from the 
pre-biotic formation of optically-active molecules with one 
form in enantiomeric excess, e .g .  by the influence of magnet- 
ism or polarised light,3 or be a consequence of the non- 
conservation of parity. 1,4,5 These factors are easily over- 
exaggerated and, especially in view of the modest spontaneous 
rate of racemisation of a-amino acids in aquo,6 it can be 
supposed that the pre-biotic soup was essentially optically 
inactive .7 Consequently, this dis-symmetry must have grown 
out of chiral recognition between molecular species at a 
primitive stage of evolution, probably at the level of organised 
polymers, a scene dominated by the a-amino acids. 

Hitherto, a degree of stereoselectivity has been identified in 
systems pairing a-amino acids with other species. Sheardy and 
Gabbay8 have shown ‘that lysyl-dipeptides containing a 
C-terminal aromatic amino acid exhibit stereoselective inter- 
calative association with DNA preferential for the L,L-isomer. 
Chiral synthesis in the reduction of ethyl benzoylformate has 
been demonstrated by Endo et a1.9 through the use of mono- 
and di-peptide amides of dihydronicotinamide. Yet, notwith- 
standing demonstrations of chiral recognition between amino 
acid species in non-aqueous media,loJl attempts to identify 
stereoselective interactions between zwitterionic dipeptides in 
aquo have so far failed.12,13 We therefore decided to extend 
our studies on the energetics of pairwise interactions of amino 
acids and peptides14-17 in aqueous solution to a differential 
analysis of species containing either D- or L-alanine residues in 
an attempt to secure an experimental basis for chiral recogni- 
tion in a-amino acid systems. 

We elected to measure the enthalpies of dilution for 
solutions of isomeric combinations of mono- and di-peptide 
species. Such data lead to the excess enthalpic properties14 of 
three principal types of system; (i) monomer-monomer, (ii) 
monomer-dimer, and (iii) dimer-dimer interactions. We 
inter-related these through the alternate use of D- and 
L-alanine moieties, a function we selected partly as a result of 
early manifestations of significant co-operativity in the pair- 
wise interactions of L-alanine peptides.15.16 We excluded 
coulombic effects by the use of N-terminal acetyl and 
C-terminal amide derivatives for monomers and dipeptides 
alike.? The data (Table l), obtained by standard methods,14%16 
clearly demonstrate stereoselectivities in interactions within 
each of the three groups examined. 

At the monomer level, the excess enthalpies of homotactic$ 
interactions of Ac-L-AlaNH2 (S-1) and Ac-D-AlaNH2 (R-1) 
are sensibly identical, as is expected for enantiomeric pairings 
in an experiment devoid of dis-symmetric perturbation. The 

t All compounds described were prepared (ref. 18) by standard 
synthetic methods and their structure, purity, and optical purity fully 
established by spectroscopic and analytical methods. 

$ Homotactic interactions involve like-like solute pairs while hetero- 
tactic interactions involve like-unlike solute pairs. 
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Table 1. Pairwise enthalpy of interaction parameters for peptide 
systems relating L-alanyl and D-alanyl residues. 

Solute A 
Ac-L-A~~NH, (S-1) 
A c - D - A ~ ~ N H ~  (R-1) 
Ac-D-AI~NH~ (R-1) 
AC-L-AI~-L-AI~NH, 

Ac-L- Ala-L- AlaNH,? 

Ac-L-Pro-L-AlaNH2 

Ac-~-pre-~-AlaNH~ 

(S, s-3) 

(S, s-3) 

(S, s-2) 

( S ,  s-2) 

Solute B 
Ac-L-A~~NH, (S-1) 
Ac-D-AI~NH, (R-1) 
Ac-L-A~~NH, (S-1) 
Ac-L-A~~NH, (S-1) 

Ac-D-AI~NH~ (R-1) 

Ac-L-AlaNH, (S-1) 

Ac-wAlaNH, (R-1) 

Ac-L-P~o-D-AI~NH, Ac-L-A~~NH, (S-1) 

AC-L-P~O-L-AI~NH~ Ac-L-P~o-L-A~~NH, 

Ac-L-P~o-D-A~~NH, Ac-L-P~o-D-A~~NH, 

AC-L-P~C-L-AI~NH~ Ac-L-P~wD-A~~NH, 

(S, R-2) 

(S, s-2) (S, s-2) 

(S, R-2) (S, R-2) 

(S, S-2) (S, R-2) 

a Figures in parentheses give the standard 
experimental data. Taken from ref. 14. 

h a a  
/J kg mol-2 

Homotactic 269 (5)b 
Homotactic 277 ( 5 )  
Heterotactic 337 (10) 
Heterotactic 488 (17) 

Heterotactic 578 (9) 

Heterotactic 769 (49) 

Heterotactic 748 (16) 

Heterotactic 803 (22) 

Homotactic 1629 (24) 

Homotactic 1399 (8) 

Heterotactic 1515 (43) 

deviations of the fits to 

~~ 

heterotactic interaction of the (R-1)-(S-1) pair significantly 
differs from the homotactic interaction, by some 60 J kg 
mol-2, as is expected for a diastereoisomeric pairing. This 
result establishes that our experimental method can detect 
stereoselective interactions between D- and L-peptide mono- 
mers and contrasts with the results of Hedwig’s group,12 at 
least when coulombic effects are suppressed. 

The heterotactic interactions between mono- and di-peptide 
species are of two types. Dipeptides which are constitutively 
diastereoisomeric form diastereoisomeric interaction pairs 
with a single chiral monomer. The interactions of (S,S-2) and 
(S,R-2)  with (S-1) are related in this way and show a rather 
smaller energy difference between the two heterotactic 
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interactions, some 34 J kg mol-2, than that for the Ala-Ala 
interactions. 

The interaction of a single dipeptide with a pair of 
enantiomeric monomers, e.g. ( S , S - 3 )  with (R-1) and (S-l), 
constitutes a second class of heterotactic interaction between 
dimers and monomers. Our data show a clear difference 
between the energies of interaction of A C - L - A ~ ~ - L - A ~ ~ N H ~  
(S,S-3) with (R-1) and (S-1), some 90 J kg mol-2, although 
there seems to be no significant difference between the 
interactions of these monomers with Ac-L-P~o-L-AI~NH~, 

Finally, the dipeptide derivatives AC-L-P~O-L-A~~NH~ and 
Ac-L-Pro-D-AlaNH2 are a pair of diastereoisomers whose 
energies of interaction show both a sizeable difference (230 J 
kg mol-2) between the two homotactic interactions, and also a 
heterotactic interaction which, as a third diastereoisomeric 
encounter, is manifest in a unique value for the excess 
enthalpy parameter, hAB (Table 1). 

All of the stereochemical effects described above operate at 
a level which, like those of sequence dependence (which will 
be discussed elsewherelg), is below that where a group 
additivity analysis14316317 could become applicable. For this 
reason, and because enthalpy-entropy compensation has been 
shown to render insensitive the free energy properties of 
isomeric systems to changes in molecular geometry,lO we have 
for the present confined our studies to excess enthalpy 
measurements. 

Three conclusions emerge. First, in the absence of coulom- 
bic interaction terms, differences in energetics of interaction 
between stereoisomeric peptide species in aqueous solution at 
ambient temperature can be surely identified. Secondly, these 
appear to grow larger with the number of chiral centres in the 
interacting system. Thirdly, there is no general trend at the 
level of complexity we have studied to indicate an energetic 
convergence favouring pairwise interactions within one family 
(D- or L-) of a-amino acids rather than those for mixed systems 
which incorporate a-amino acid residues of both chiral 
families. 
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