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Summarz
Using the methodof Bolles and Drage (1) the thermodynamic properties

of drug - aromatic amino acid complexes were determined calorimet-
rically. The comparison of Kc evaluated from vapour pressure
osmometry, ORD, partition and ealorimetry shows a considerable
agreement, whereas the data calculated from soclubility measure-
ments differ widely from our results. Qualitatively the »relation-
ship between solubilisation through different salts and A3° for

the complexation with the same salts could be demonstrated.
Methylxanthines form complexes with anions and cations, the complex
formation in HEO and DEO' determined calorimetrically, shows the

greater stability of the complexes in D20.

Introduction

Complexation influences the solubilities and the partition
coefficients of the partners in complexes, so that the solubility

of caffeine is enhanced in caffeine complexes with arcmatic anions
or cations (6,8,16) at the other hand, the solubilities of poly-
cyclic aromatics are increased in the presence of caffeine too(4,17).
Furthermore, the complexation stabilizes esters against hydrolysis

(7,9,10) and influences the absorption of drugs in wivo (5,11).

0040-6031/81/0000—0000/$02.50 © 1981 Elsevier Scientific Publishing Company



102
Methods

In our intense investigations on caffeine complexes we found a
stoechiometric ratio of 1 : 1 by UV-spectroscopy (13) and vapour
pressure osmometry (15,18). After the determination of the activity
coefficients of the substances under investigation {(14) we obtained
the stability constant and the enthalpy of complex formation
simultaneously by application of the method of Boalles and Drago(1l)

with the aid of the precision calorimetry system B701 of LKB.

in the reszction vessel - containing the solution of complex partner

A - the ampoule containing the solution of B was broken after

estzblishing the thermal equilibrium,

The heat of reaction obtained in this experiment, @, is composed
from the heats of dilution w, and wg and the heat of complexation
Wan!

Q = We *+ Wo o+ Woo

WA and W were determined in separate experiments, so that VB could

be obtained from §. The calibration procedures were performed by

electrical nheating.

Following the method of Bolles and Drago (1) = value for K -1 is
caluculated from the activities of A and B, the total volume V

of the solutlons after mixing, Wy,5 &nd a fictive value of AHC:

P UL e 1V RRT € I

pAF-I) > -0 =
#itn series of AH™ of 2,3,4 kJ more values for K. 1 are calculated,
these values give a straight line as z function of the fictive AHC.

From cther experiments with other values of A and conseguently new
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values of w g new straight lines could be constructed. The lines

A
cross at the true velue for AH® and Kc—l, these intersections of

the different straight lines were calculated,

Table 1 : Comparison of the stability constants obtained by

vapour pressure osmometry and calorimetry

K (L . mol Y) K (L . mo1™ 1)
complex vapour pressure osmometry calorimetry
Caffeine Trypthophan ., HC1 17.75 16.60
Phenylalanine . HC1 2.3 3.20
Tryptophan-Na 14,02 13.20
Phenylalanine-Na 2.60 3.4h0
Histidine-Na 2.84 2.40
Theophylline Tryptophan . HCL 12.59 11.90
Phenylalanine ., HC1 1.93 2.60
Tryptophan-Na 18.60 22.00
Phenylalanine-Na 10.57 11,80
Histidine-Na 20.12 20,40
Nicotinamide Tryptophan . HC1 24,07 23.80
Phenylalanine . HC1 57.14 53.00
Procaine . HCl Tryptophan . HC1l 18.23 21.00

Phenylalanine . HC1 26.97 29.00
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Results and discussion

By comparison of the results from the calorimetry with the stability
constants - derived from our vabour pressure osmometry studles - itis
obvious that the values resulting from the two independent methods

are in good agreement (table 1).

In the case of complexes of caffeine with l-tryptophan and salicyl-
amide we can compare our results for all thermodynamic data of the
complexation with values given by other zuthers and resulting from
other methods (table 2). Whereas the results derived from ORD and
paertition experiments (12) are in the same order of magnitude with
the exception of A %, the values calculated from solubility

experiments (3} do nct agree with our presults.

Table 2: Thermodynamic data for caffeine-complexes resulting from

different methods

Caffeine complexes

Parameter L-Tryptophan Salicylamid
AH ORD -16. 73 Sol -16.4
(kY . mol'l) Kal -20.19 Kal -381.36
K oRD 30.0 Sol 57.9
(L. mol-l) Part 26.0
Kal 25,53 Kal 20.13
AS ORD -28.09% Sol -21.0
(kg . mol L. deg‘l) Kal -48.21 Kal -80.22
A G ORD - 8.38 Sol -10.1
(kJ . mol 1) Kal - 8.08 Kal - 7.44

ORD (15), Sol (4), Part (15), ¥al this work.
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We suggest that oversimplifications inherent to the method of
calculation of the stability constants from solubility measure-

ments are the cause for these discrepancies.

However, the increase of the amount of sclubilized caffeine per
mol Na- or HCl-salt of aromstics with the AG° of complexation,

derived from our calorimetric measurements, demonstrates {(Fig 1)

solu_bil. i -
Cuffe!ne_‘ A Na-salts of benzoic acids 3-OH-2-Naphthoate
mol: L x other Na-salts

o HCl-salts
25 |
20 } Anthtracene-9-catb.

** Chinotin -2 ~carb.
SAcridine
1-NHp-Naphthalene
@ Procaine
15 F 2-0OH &° o Phenanthroline
»x Naphtalere-1-carh.
x 4-0OH-Me-E
a 4-Cl
1 - -
0 4-OH 2 301
4 4-Me
Chinolin
2-NHz &
os | 22 4-NH,
! Benzoate
~2 -4 -6 -8 AGO® [k mol ]
Fig 1 : The solubilisation of caffeine through nydrochlorides

of aromatic amines and sodium salts of aromatic acids
in relation to AG® complexation, determined calori~
metrically (25}
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that a relationship exists between the phenomenon of sclubilisa=-

tion or hydrotropie action and the complexation, The stability

of these complexes increases with increasing size of aromatic

molecules. Hydrochlorides of aromatic amines form complexes as

well as sodium salts of aromatiec acids,

¥ith egromatic amino acids, complexes are formed both with the

HC1- andé the Xa-salts (Table 3). These experiments should show,

whether the protonated or unprotonated amino acids [form more

stable complexes,

The results indicate z weaker hinding of the methylxanthines to

phenylalanine compared to tryptophan,
these aninc geids,., Histidine-Ya forms

but with theophriline the nmost statble

complex is formed.

regardless of the charge of

a weak complex with caffeine,

Tabile 3 . Thermodynamic data fcr complexes of aromatic amino acids
and methylzxanthines
complexes Kc -1 o -1 ha -1 A5—1 -1
= L.mol .fol kJ.mol kd.mol “deg
Tryctophan-aCl Caffeine 17 .17 41,03 - 7.05 - 1i3.35%
Phnenylslznine.isl 2.43 20.35 - 2,20 - 60.87
Yryptophan.da ik,32 52,835 - B.54 - 121.77
Phenylalanine.tia 2.52 20,91 -~ 2.36 - 62.20
Higgidine.Xs 2.54 5.99 - 2.58 - 21.30
fryptopnan-kCl Thecphyiline 12.53 Lo.13 - 6.28 - 113.54
Pnenylalanine -32031 1.23 22.19 - 1,63 - 68,96
“rystophan-ts 18,60 5335.84 - 7.24 - 89.19
Fnenylalanine-le 135.57 23.31 - 5,84 - 75.35
iistidine-la 20.12 16.68 - T7.44 - 30,99
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"Free'/wate

direct interaction:
exothermic

decrease in entropy

oPAr®0
@@B@@

influence of the solvent: +

bound water

from interfaces Aand B ///////////

"free” water

i
endothermitlz +AH
increase i&n}entropy +AS

Fig 2 : Schema of the formation of caffeine complexes in

water

107



108

We suggest that the complexation is caused by the stacking of the
partners forming the complex. Because both planar mclecules should
have an ordered water layer ©n their surfaces, the stacking of A
and B removes the part of the water molecules bound on the respec=
tive surfaces, These water molecules are converted to "free"®
water. This is the type of interaction according to the theory of
hydrophobic interaction, the reaction should be endothermic, the
entropy should incfease.

In the next step the direct electrostatic interaction of the
molecules should be an important factor for the complexation be-
cause the alternating negative and positive centers in the
caffeine molecule give many possibilities to interact with
opposite charged parts in partner molecules,

The electrostatic interaction should be exothermic and the entropy
shoulc decrease,

Both phencmena must be taken into consideration simultaneously;
our results indicate only the overall effect of an exothermic
reaction and a decrease of the entropy.

If water is replaced successively by ethanol or DMS0O, the stability
of the caffeine complexes decreases dramatically, in the pure
solvents no complexation can be detected calorinetrically (19). This
indicates the importance of water as solvent for the stability of

these complexes.

DZO should form stronger hydrogen bonds than HEO {2), therefore

we expect a larger amount of the hydrophobic interaction term on
the overall reaction. In D20 the stability constants of all com-
plexes investigated are larger than in H20 {table i), Tﬁe enthzlpies
of complexation are for all caffeine complexes smaller in DZO and
the entropies in DP,0 are smaller too, this could indicate the more

endothermic reaction in 020.
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In the case of the complexes of procaine hydrochloride with hydro-

chlorides of the amino acids the stability constants are also

greater in Dao than in H20, but the enthalpies are much larger in

D, 0. For these unexpected results we have no explanation at hand.

However, the enhanced stability of all the complexes in D20 under-

lines the importance of the solvent for the complex formation.

Table 4: Stability constants, Al° and AS® for complexes in

H20 and D20

o Au° As®

complex L . mol * kJ . mol-1 kd . mol-:_L1

. Grad
Caffeine Na-benzoate 259 5.9 -23.2 -64,1
450 2.9 -29.7 -90.7
Ha-Naphthalin- 2,0 9.3 -41.9 -121.9
l~carbonate A,0 7.1 -45.6 -136.8
Ha-Anthracen- D50 1.2 L -127.9
9-carbonate Hzo 13.0 ~-46.8 -135.7
Tryptophan . DC1 050 22.4h -41.6 -114.5
Tryptophan . iIC1 H50 18.8 ~-50.2 -143.8
Phenylalanine . LC1 D50 2.8 -1i7.7 - 50.6
Phenylalanine . HC1 H,0 2.0 -27.7 - 87.1
Procaine , DC1l Tryptophan . DC1 D50 18.4 -49.0 -140,2
Procaine . iCl Tryptophan . liCl H,0 18.3 -23.6 - 55.0Q
Procaine . DC1 Phenylalanine . 0Cl D50 33.9 -40.8 ~107.4
Proecaine . HCl Phenylalanine . HCl H,0 30.6 -25.8 - 58.1
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Whereas the caffeine complexes fit in the picture of the hydro-
phobic interaction combined with an exothermic electrostatic
interaction, the complexes of procaine+-HCl with the hydrochlorides

of the aromatic amino acids do not follow this line,
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