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CATX)RIMETRICD JZTEWIMTION OF CHIRAL IwEXwXIoNsINAQuEuuSSoLuTIoNS. 

Part2N-ACErYL? LEUCINAMIDE AT 298.15 K. 
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Department of Chemistry,University Federico II of Naples via Mezzozannone 4 - 

84X34-Naples (Italy) 

The beats of dilution in water of the binary and ternary solutions of the 

two enantioneric forms of N-acetyl-leucinamide have been determined at 298.15 K 

using amicrocalorimetric procedure. !the excess enthalpies obtained by these 

data, and expressed asvirial expansion series, permit the evaluation of the 

paiwise homotactic and heterotactic enthalpic coefficients. As for the cbiral 

forms of other N-acetyl-peptidoamides and of a few monosaccharides, the 

etherotactic coefficient for the interactions between the D- and L- enantiamers 

is slightly but significantly different fnm tbe corresponding hcmotactic 

coefficients . A weaksolventi~lediatedchiral recognitioncanbe assuned to 

still exist in a polar screening solvent, such as water. 

IWROIWCION 

Aqueous solutions containing aminc@ds and sirqle peptides have received 

increasing attention in the last years (refs.l-15). These studies have been 

stinulated by the hope of gaiwing an 

intranolecular interactions in pmteins 

suggested (refs.3,6,.14) to use, as a 
moleculeswith the general fonniia: 

CHj co- 
F 

-NHcHRco- -NHR' 
3 n 

with n = 1,2,3...etc., R being the side 

A series of di- and tripeptidoamides 

synthesizedin his laboratory 

insight into the factors determining 

and naturally occurring peptides. Lilley 

model for polypeptides, of uncharged 

chain of an amino acid and R'= -ti,-Ci-l , 
with specific sequences have also bZen 
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The aim of the present work, however, is to study these amino acid 

derivatives not as model molecules, but with regards to the possibility of 

using calorimetry to find evidence of chiral recognition in aqueous solutions 

between pairs of enantianeric molecules. In a crystal the properties of a 

racemate differmarkedly fnm those ofthepure D- and& enantimrs; this 

is primarily due to differences in intermolecular distances and topological 

correlations between the groups ofatoms, which produce interactions of 

different intensity. Often, for reasons of -try, the interactions are more 

effective in the racemate, resulting in a decrease of solubility. In solution 

the interactions between solute molecules am n&e weaker by solvation. This is 

particularly effective in the case of a polar solute snd a polar solvent such as 
water. ‘Ihe screening of an optically inactive solvent of this kind could make 
the solute-solute interactions partially ineffective, especially in a dilute 

solution. However, we were successful in finding evidence of a chiral 

recognition or discrimination in the unfavorable case of the D- and L-pentoses 

xylose and arabinose (ref.l6), whose solutions are prevailingly characterized 

by solute-solvent interactions (ref.17). 
As a part of a program on the calorimetric study of the chiral interactions 

in water, we present hem the results obtained on binary and ternary aqueous 

solutions of the N-acetyl-leucinamide (NAL.4) enantiomers. Asin the first paper 
of this series 

& 

ref.10) concemi g N-acetyl-al inamide enanticmers2 the excess 

enthalpies HE F 

measuring 
$3 ), 

"tr the heats o 
(T)and ( rnL ) have been determined by 

dilution of the corresponding ternary and binary 

solutions. The leucine derivatives were studied because it is irrportant to 

investigate how chiral interactions are modified by the dinrension and snape of 

the alkylchainslinkedto the chiral carbon atc+nCti . The results show that, 

beyond the 95% confidence limits, the interaction between the D- and L- 

enantioners is less endothermic (about 5% with respect to the D-D or L-L 

interactions). 'Ihis is exactly the opposite of what was found by Lilley 

(ref.11) and by us (ref.10) for N-acetyl-slsninanide. It will be discussed in 

tenrs of solvated functional group interactions . 

Materials 

Preparation of the N-acetyl-Gleucinamide has been described by Blackbum 

(ref.3) and the synthesis of the D-enantianer is a modification of this 
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procedure. Themethylesterof D-leucinewas obtainedbytreating the aninoacid 
with methanol in the presence of a emall excess of SOCl 
hydrochloride so obtained, was crystallized fnm methane -ether 1 

. The methyl ester 
mixtures. The 

purified product was dissolved in dry pyridine at 0% and acetic annydride was 
added. After a few hours of stirring at 0% the excess of solvent was removed 
and the dry N-acetyl-nethyl ester of D-leucine was dissolved in dry methanol, 
s&uratedwithgaseousNH 

She' 
and gently shaken at room temperature. The solvent 

wasreiIKWedinvacuoand productrepeatedlycrystdllizedfrcnme~l-ether -- 
mixtures.The acconplishnent of each step was controlled by t.1.c. and 
poklrimetry. The purity of the product was verified by melting point. All the 

aqueous solutions were freshly prepared with deionized, twice distilled and 
degassedwater. 

Calorimetry 

The heats of dilution of binary and ternary solutions were determined at 
298.15 + 0.02 K with a LKB 10700-l standard flow micrccalorimeter as reported 
reported-in detail in preceding papers (refs.9,18,19). 

The excess enthalpies of an asymnetric mixture of nonelectrolytes (such as 
the aqueous solutions of solid organic compcunds) can be defined as follows 
(refs.1,20,21): 

n 

HK(';l) = H(Z) - H4 -5 mx < (1) 

where H(E) and Hg (i%) refer to an amount of solution containing 1 kg of water 
andatotal mt of iiimoles of all the solute species,_Oso that iii =C m . 
H*. ,,, is the standard enthalpy of 1 Kg of pure water and Hx are the limi%ing 
st&dard partial molal enthalpies of each solute species. 'lhen, HE represents 
the deviation from the behaviour of an athermal,ideal solution and its value is 
determined by the nature and intensity of all molecular interactions. 

According to Mc Millan-Eayer solution theory (ref.21), as adapted to the 
aqueous non-electrolite solutions by Kaupnann and Friedman (refs.20,23), the 
excess enthalpies per kg of solvent of a mixture of two enanticmeric solutes, 
can be represented as: 
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&mD,m L) =hDDrI?D + 
2 

2%~%Y_,+h~%++Dm~ 3 + %DL 4 "t. +...(2) 

For the binary solutions of each enantioner Eq.2 assunes sinpler foms 

HE(mD) =hDDmE +h 
3 

DDDmD +... (3) 

and 

HE(mL) = k m2L + &m3L +... (4) 

The coeffic'ients of EQs. (2)-(4) are the enthalpic contributions to the 
correm Gibbs free energy coefficients %L ,sDL etc., these in tum 
are ameasuIleDf.the interactions between pairs, triplets and higher n-1-s of 
solute rmlecules . 

As for ihe overall thezmodynamic properties the correlation between the g 
andh coefficients is the classic one: 

h 
xy 

gxy/T)/3(1/T) 
I P 

(5) 

Moreover h is correlated to g,, and the corresponding coefficient exx of 
the excess int?%kl energy I%(mJ by the relationship : 

h =e 
c 
g ~-(RTMw/2~)-~(&x~o( "1 

7 

(6) 

where d is tf;" cubic expansion coefficient, M 
solvent and jL& 

the molecular weight of the 
the limiting partial mAal edibility of the solute x and c 

the volume of 1 kg of pure water (ref.20). In principle, the virial coefficients 
can be evaluated (ref.24) by certain integrals of tne radial distribution 
ktion, g(r), that in a dilute solution, can be assumed to be stillply 
correlated to tile potential of average force W(r) by: 

g(r) = exp [-W(r) / kT] (7) 

However, for a non spherical solvent, quantities <g(r)) ad<W(r)) must be 
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considered. They indicate an averagingprocedure on the orientation ofallthe 

solvent molecules. For non spherical solute particles the averaging procedure 

m&_. be repeated for all possible reciprocal orientations of two solutes 

particles: inthiscase, (g(r,R )> and IW(r,n )> are to be used, wheren 
is a set of angles expressing their reciprocal orientations. 'Ihis is the reason 

for which both the free energy and the enthalpy coefficients implicit&y 

account for the variation of Xhe solute-solvent and solvent-solvent 

interactions, as caipared to the standan (infinitely diluted) solutions 

(ref.24). 

!lTREA~OFTHEaATA --- 

The homotactic virial coefficients h ,h etc.are evaluated by fitting tner 

heats of dilution for binary solutions, DD~t.kbpolyncmial expan WI sions as follcws: 

AdilH hiD -4%) = - (dQ/dt)/Pw = 

where dQ/dt is the heat evolved in the unit time in the dilution process and P 

is the total mass flow rate of water flowing into the calorimeter. The m. and" 
mDare, the molalities of the solution before and after dilution respecti+&y. 

The heterotactic coefficients hDL, h etc. are, viceversa, 
de$%ed as (ref.19): 

evaluated by 
using an auxiliary function AH**, 

AH** = Adil~(~,~) - &ND) - AtipJ (9) 

where AdilH I the heat of dilution of a ternary solution, is more 

explicitely given by : 

AdilH c (miD , miL) --o Cm), , ry)] = -(dQ/dty /Pw (10) 

The AH** is related to the heterotactic coefficients by the following 

expression (ref.17): 

AH** = 2hpLy(mp-miD) + 9hpDL~(~miD)(mp+miD) + ~~~(mD-miD)(mL+miL)+...(ll) 

The fitting of Eqs. (11) and (14) by a least square method leads to the 

evaluation of the homotactic and heterotactic coefficients. 
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FESULTS 

In Tables l-2 the experimental values of the heats of dilution of the binary 
solutions of each enantiomeric D and L form of N-acetyl leucinanide (NAL4) are 
reported, along with the initial and final molalities for each experiment. 

In Table 3 the heats of dilution of the ternary solutions of the mixtures of 
the two enanticmers are reported together with the corresponding values of AH** 
and the initial and final aquomolalities of the two solutes for each experiment. 
No particular effort was made to obtain equimolecular solutions. 

-- - 

TABLE 1 

Heats of dilution of solutions of D-N-acety_-leucinamide (D-NAM) in water at 
298.15 K 

-4 .I--.. 

m 
i ----_~l-C_-___-__ 

0.08550 
0.08617 
0.08829 
0.09983 
0.1578 
0.1660 
0.1850 
0.1818 
0.1898 
0.1963 
0.2085 
0.2158 
0.2506 
0.2703 
0.3161 
0.3578 
0.3779 
0.3936 
0.4263 
0.4539 
0.5435 

m -AalH (J/kg) 
-111.1 

0.04044 74.9 
0.04074 83.6 
0.04174 85.9 
0.04711 99.1 
0.07420 156 
0.07798 166 
0.08617 175 
0.08550 178 
0.08829 190 
0.09177 190 
0.09763 2Q2 
0.09988 210 
0.1171 249 
0.1256 276 
0.1465 324 
0.1660 369 
0.1749 390 
0.1818 415 
0.1963 450 
0.2085 469 
0.2506 585 
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Heats of dilution of solutions of IA-acetyl -1eucirnnide (L-NAM) in water at 

298.15 K 

m 
i 

m A$., H (J/kg) 

0.06801 0.03213 76.1 

0.07987 0.03782 81.6 

0.09105 0.042CXI 93.2 

0.1477 0.06wl 155 

0.1739 0.07987 177 

0.1986 0.09105 197 

0.1946 0.09140 201 

0.2035 0.09554 204 

0.2098 0.09E09 213 

0.2037 0.09530 214 

0.2096 0.09823 215 

0.2284 0.1088 228 

0.2299 0.1063 240 

0.2607 0.1217 274 

0.3214 0.1492 335 

0.3682 0.1700 391 

0.4298 0.1982 443 

0.4515 0.2098 478 

0.4257 0.1895 479 

0.4529 0.2037 507 

0.5034 0.2290 543 
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TABLE 3 

Heats of dilution of te~.solutions of D- and L-acetyl.-leucirwnide 

m. 
ID mD ?iL H**(J/kg) 

0.02198 0.01043 0.02436 0.01153 0.996 0.475 

0.04204 0.01992 0.03464 0.01643 2.66 1.22 

0.03380 0.01598 0.04129 0.01952 2.73 1.36 
0.04972 0.02347 0.03105 0.01465 3.08 1.40 

0.03681 0.01727 0.04164 0.01971 2.95 1.45 

0.03873 0.01833 0.04052 0.01971 3.01 1.49 

0.05096 0.02401 0.03182 0.01499 3.26 1.50 

0.03835 0.01810 0.04338 0.02047 3.13 1.51 

0.04803 0.02265 0.03571 0.01684 3.28 1.54 

0.04332 0.01997 0.04427 0.02088 3.49 1.67 

0.04016 0.01893 0.04308 0.02030 3.42 1.74 

0.04762 0.02239 0.03876 0.01823 3.59 1.76 

0.04449 0.02104 0.04653 0.022cO 3.78 1.77 

0.04133 0.01946 0.04675 0.02202 3.66 1.78 

0.04489 0.02116 0.04816 0.02270 4.02 1.92 

0.04352 0.02052 0.04923 0.02321 4.02 1.94 

0.05780 0.02727 0.04298 0.02028 4.62 2.10 

0.04566 0.02150 0.05165 0.02432 4.49 2.19 

TABLEI 

Enthalpic pain&se interaction coefficients for D- and LiMLA and foT D- and L- 

IU4AA in water at 298.15 K 

IWA NAAA 

hDD = 1919 - + 28 hDD = 278_+ 5 

k =1969+ 24 h LL = 2732 5 

ky,L = 1822 - + 41 hDL=294+5 

Units: J/m& (mol/kg). The given uncertainities sre the 95% confidence limits. 
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In Table 4 the experimental lmnotactic and heterotactic interaction 

coefficients are reportedforthe three systems Studied. Duetothe limited 

range of concentration explored, only the paimise. parmeters are needed for the 

interpolation of Eqs.(ll) and (14)giving values for h and h differing 

significantly, beycnd the 95% confidence limits. Thev&!iesfor~md L-NAAA 

me alsoreportedforconparison. It appears frm the values given in TABLE 4 

that for NAlA the value of the heterotactic coefficient, hDL = 1822(41) (&me 

the number inparenthesesis the 95%confidencelimit) is distinctly different 

fm those of the hamtactic ones, hDD = 1919(28) and hLL = 1969(24), which 

are practically the same, within thelimitsoftheexperimental errors. The 

result obtained in this work for L-NALA is a little different fmn that 

obtained by Lilley sod coworkers: 1714(94) (ref.3). 

!lhe positive value of thehDD , hLL and hDL coefficients must be 

attributed to the prevailing hydrophobic interactions occurring in the aqueous 

solutions of this kind of solutes. As for alcohols (refs.20,21), alkylamides 

(ref.25) and alkylureas (refs.18,26), the excess themmxiynamic properties of 

aweous solutions of midopeptides seem to be determined by the existence of 

We*, non-bonding, water-mediated interactions (I-efs.9-15,211. 1tmust be 

remmbered, while the polar interactions directly give a negative contribution 

to the excess free energy coefficients, the hydrophobic interactions, ins-tead, 

are negative sod favourab le for the overwhelming entropic terms, the enthalpic 

contributions being by themselves unfavourable. However, as already outlined by 

Savage and Wood (ref.25), an iqortmt role is also played, by the "mixed 
interactions" (polar-apolar) in determining the positive values of h,, for this 

kind of "mixed" solutes bearing both alkyl and polar groups. 

The lower value of hDL ( respect to thatofb and lh ) for NAM 
indicates a less uofavourable enthalpic contribution to the solute-solute 

tirwise interaction for the heterotactic pair. However, unless free energy data 

suggest different possibilities, it is reasonable to assme thatthe1owervalue 
of h is due to a slightly less favourable hydrophobic interaction for the 

chiralDLas respect to thehonotactic pairs. At all events, the diffeiences ( $z 

- h DD 1 or ( hDL- h LL ) give a measure of the chiral recognition in 
solution. As can be seen fran the datareportedin Table 4, these differences, 

or their averages, change sim on passing frcm NAAA to N/CA. The same effect 
has been fouod for a series of minoacids (ref.27). 

The key to the rationalization of these results stands from the 
consideration that the prevalence of the dipolar-dipolar or hydrophobic effect, 

is in turn responsible for the favourable interactions. This fact enhances one 
or another particular juxtaposition of a pair of solute molecules my coupling 
their polarorvicecersaoydrophobic faces. Ffepulsive polar-apolar interaction, 
then, can play an opposite role in the hccibactic or in tne heterotsctic 
interactions, when lower or higher(&nologues of a series are consider7ed. 
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A very interestingand inportantpointis thatcalorimetryis demonstrated 
to be a powerful tool for providing the extremely subtle specific interactions 
in solution, not found chirooptically or spectroscopically. 

This work was financially supported by thebtalian Ministry of Public Education 
and the Italian National Research Council. 
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