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Abstract

A study was carried out on the acid denitrosation of N-methyl-N-nitroso-p-toluenesulfonamide (MNTYS) in mixed
systems made up of linear (geminal and terminal) alkyl diols and f-cyclodextrin (CD). The alkyl diols used allowed
us to vary the length of the hydrocarbon chain from 2 to 6 carbon atoms. The observed rate constant, kops,
decreases in the presence of CD. The inhibition profile decreases as the as the number of carbons in the chain is
increased. This behaviour can be interpreted as a consequence of a balance between the complexation processes of
MNTS and the alkyl diols by the CD. At a constant CD concentration and increase in the diols concentration
decreases the concentration of free cyclodextrin available to complex with MNTS molecules and therefore produces
an increases in the observed rate constant. The results were interpreted in terms of two different models; trough the
presupposition and non-presupposition of a stoichiometry for the CD-diols complex. Both models agreed quite well
and allow us to determine the uncomplexed cyclodextrin concentration in each case as well as the stoichiometry of
the complexes. The binding constant for both types of alkane diols increase with increasing the number of carbon in
the chain. Besides, the binding constant of the o,w-alkane diols is higher than for the analog o, f-alkane diols. One of
the main consequences of this study is that the acid denitrosation of MNTS can be use to obtain the stochiometry of

the CD-diol complexes and to monitor the free cyclodextrin concentration.

Introduction

Cyclodextrins are macrocyclic carbohydrates built up
from p(+ )-glycopyranose units linked together via a-(1—
4) bonds [1]. The most studied cyclodextrins are o-,
p- and y-cyclodextrins, which consist in six, seven and
eight glucose units, respectively. The most important
feature of cyclodextrins is their cavity, because this en-
ables them to form inclusion complexes with a great
variety of substrates [2-5]. The ability of cyclodextrins to
form inclusion complexes in aqueous solution results
from the polarity of the cavity — some studies have sug-
gested a similarity to dioxane while others favor ethanol-
[1, 3], but the principal factors seem to be the hydro-
phobicity of the guest and the appropriateness of its size
and shape in relation to that of the cyclodextrin cavity.
Cyclodextrin complexes have found applications in dif-
ferent fields, e.g., food technology, pharmaceuticals,
cosmetics, catalysis, chiral separations, etc., [1, 6, 7].
Several classes of compounds, that can form inclu-
sion complexes with natural cyclodextrin, has been
subjected to systematic studies. These cover almost
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every class of compounds such aliphatic alcohols [8—14],
amines and acids [12, 15], aminoacids [16—-19], ketones
[20, 21], surfactants [22-31] and other compounds [4].
An especial attention has been given to the impact of a
third component on the formation of host-guest com-
plexes of cyclodextrins. The addition of a third com-
ponent to the reaction medium usually provokes a
decrease in the stability of the host-guest complex, due
to their complexation competition for the host cavity
[14, 25-31]. In other systems the third component forms
a ternary complex with an stoichiometry 1:1:1 (sub-
strate:cyclodextrin:third component), even more reac-
tive than the binary complex [13, 32-34].

Our research group have developed a kinetic model
to study the effect of surfactants on the substrate-
cyclodextrin complexation process [25-31]. The results
obtained in these studies allowed us to confirm the
existence of an appreciable concentration of uncom-
plexed or free CD in equilibrium with the micellar sys-
tem. Contrary to expectations, the percentage of free
CD increases along with the length of the hydrocarbon
chain of the surfactant [29, 30]. Now we have decided to
extent our studies to alkane diols as a third component.
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In this article, we study the influence of different
alkane diols, both geminal and terminal, (varying its
number of carbons in the chain) upon the influence of
cyclodextrin on the acid denitrosation of N-methyl-
N-nitroso-p-toluenesulphonamide (MNTS). The mech-
anism of this reaction in water is well known [35], the
slow step is the proton transfer from the medium to the
substrate (see Scheme 1). This reaction has been studied
previously in our group in the presence of micelles [36],
vesicles [37] and cyclodextrin-micelle mixed systems [25,
28]. The kinetic model proposed will allow us to obtain
the binding constant of the different alkane diols to
p-cyclodextrins, as well as the concentration of free
cyclodextrin through the complexation process. The
main implications of this result is we can propose the
acid denitrosation of MNTS as a chemical probe for
determining the concentration of free cyclodextrin in
presence of different third components.

Q H*
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Experimental

The alcohols, N-methyl-N-nitroso-p-toluenesulphona-
mide and f-cyclodextrin were supplied by Sigma-Al-
drich in the highest available purity and used without
further purification. Owing to the low solubility of
MNTS in water, its stocks solution were prepared in
acetonitrile. The percentage of acetonitrile in the reac-
tion mixtures was always lower than 0.35%. Cyclo-
dextrin solutions were made taking into account that
commercial f-cyclodextrin has a H,O content of 8§ mol/
mol.

The reaction kinetics were monitored by measuring
the disappearance of MNTS at 250 nm, using a HP 8453
spectrophotometer with a cell holder thermostatted at
(25.0 £ 0.1) °C. The MNTS concentration was always
1x10° Mand [H"] = 0.16 M; under these conditions
all the cyclodextrin will be in the neutral form
(pK, = 12.2) [1]. The pseudo-first-order rate constant
(kons) Were obtained by the integration method. All the
values of ks were reproducible to within 3%.
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Figure 1. Influence of [CD] on the pseudo-first order rate constant and
its inverse for the acid denitrosation of MNTS. The lines represent the
best fit of Equation. 1 and 2 respectively, to the experimental data
[H*] = 0.16 M, T = 25 °C.
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Results

Acid denitrosation of MNTS in aqueous medium
containing B-Cyclodextrin

The influence of the cyclodextrin concentration on the
acid denitrosation of MNTS has been studied and
compared with previously results to ensure good con-
sistency in the evaluations of the experimental results.
The rate limiting step of the acid denitrosation of
MNTS, leading to the formation of N-methyl sulph-
onamide and nitrous acid, is the protonation of the
sulphonamide [35]. This acid denitrosation is inhibited
by the presence of cyclodextrin.

The rate law for the acid denitrosation of MNTS is
v = ky, [HT]IMNTS], and in an aqueous medium,
ky = [(3.1 £0.1) x 10> M™! s7'1[36]. In the presence of
p-cyclodextrin, the apolar inner cavity of the CD pro-
vides a solubilization site for the MNTS with a revers-
ible formation of a non-reactive 1:1 inclusion complex
[25], as shown in Scheme 2 and Equation 1. The analysis
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of the dependence of k., with the concentration of
cyclodextrin (see Figure 1) gives a value for the associ-
ation constant of MNTS to the cyclodextrin of
Kynts = 1500 = 50 M~

oo [H]
1 + Kvnts[CDlg, )

being [CD]see the concentration of free-cyclodextrin.
Because the concentration of MNTS is at less 10 times
less than that of CD, we assume that [CD]gce ~[CD]iotal
The supposition of an unreactive 1:1 complex can be
demonstrated by the linear dependence of 1/ks on the
CD concentration (Equation 2, see Figure 1).

kobs: ( (1)

I (1 + Kmnts[CD])

k7] .

kobs

Denitrosation of MNTS in o,f-alkane diol/CD mixed
systems

The addition of water soluble diols, as a third compo-
nent, to the reaction medium produces a complexation
competition with MNTS for the cyclodextrin cavity.
Therefore the stability of the MNTS:CD complex is
decreased, allowing us to determine the binding constant
of the different diols to the cyclodextrins.

The influence of different linear o,f-alkane diols,
ranging from to 2 to 6 carbons in the alkyl chain, in the
presence of f-cyclodextrin was determined by varying
the cyclodextrin concentration between 0 and 0.01 M in
series of experiments in which the alcohol concentration
was kept constant. The alcohol concentration was cho-
sen taking into account the solubility of the alcohol in
water. In each series (Figure 2 shows the results for six
concentrations of 1,2—hexanediol), k.,s decreases with
increasing the concentration of CD. Increasing the
alcohol concentration decreases the inhibition effect of
the cyclodextrin. Furthermore, an increase in the diol
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Figure 2. Influence of [CD] on the pseudo-first order rate constant for
the acid denitrosation of MNTS in the presence of different 1,2-hex-
anediol concentrations; (V) 0.020 M; (O) 0.042 M; (@) 0.081 M; (A)
0.13 M; (m) 0.24 M and (O) 0.54 M. [HCI]=0.16 M, T = 25°C.
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concentration decreases the value of k, due to a lower
polarity of the medium [38]. The value of the bimolec-
ular rate constant, k,,, has been calculated for each diol
concentration through a kg vs. [H'] representation
(data not shown). In order to consider any change in the
properties of the medium (such this decrease in the
dielectric constant) that alters the bimolecular rate
constant, ky, of the reaction, the ratio kqps/ky vs. [CD]
has been represented (Figure 2).

The substrate complexation in surfactant-CD mixed
systems seems to depend strongly upon substrate size
[39]. The MNTS size makes likely its accommodation
inside the CD cavity (see Scheme 2). We have previously
shown that an increase in the carbon chain length of
surfactants produces a decrease on the MNTS complex-
ation processes [25, 28]. In a similar way, the a,f-alkane
diols will also show an effect on this complexation.

According to these ideas the experimental behavior
observed can be explained qualitatively considering the
different complexation processes. The addition of a
constant concentration of diol to the reaction medium
produces complexation of diol molecules with CD (CD-
DIOL), with displacement of MNTS to the aqueous
medium, thereby increasing the concentration of reac-
tive MNTS, MNTS,,. An increase in the concentration
of diol present in each series will produce a greater
complexation with CD and therefore more MNTS
molecules will be displaced to the reaction medium,
giving to a decrease in the inhibition effect caused by an
increase in the CD concentration (see Figure 2). The
presence of diols does not affect the non-reactivity of the
1:1 complex, as can be deduced by the linear dependence
of 1/kops on CD concentration (see Figure 3).

Figure 4 shows the effect of CD concentration on the
rate constant kgps/ky, for the acid denitrosation of
MNTS in the absence of diol and in the presence of 0.2 M
of 1,2-propanediol, 1,2-butanediol, 1,2-pentanediol and
1,2-hexanediol. The inhibition effect produced by the
cyclodextrin in the presence of 1,2-hexanediol, with six
carbons in the chain, is lower than the others because a
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Figure 3. Influence of [CD] on the ratio k,,/k,ss for the acid denitro-
sation of MNTS in the presence of different 1,2-hexanediol concen-
trations; (V) 0.020 M; (O) 0.042 M; (@) 0.081 M; (A) 0.13 M; (m)
0.24 M and (OJ) 0.54 M. [HCI]=0.16 M, T = 25°C.
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Figure 4. Influence of [CD] on the pseudo-first order rate constant for
the acid denitrosation of MNTS in the absence (A) and the presence of
a constant 0.2 M alcohol concentration; (O) 1,2-propanediol; (@)1,2-
butanediol; ((J)1,2-pentanediol and (m)1,2-hexanediol. [HCI]=0.16 M,
T = 25°C.

higher binding constant of the diol to the cyclodextrin.
This is due to hydrophobic and steric effects.

Assuming that the different complexation processes
will be govern mainly by hydrophobic and size effects, in
the case of the cyclodextrin-micellar surfactant mixed
systems and increase in the length of the carbon tail lead
to a increase in the association constant of the CD-
surfactant complex [28, 30] and also to a change in the
stoichiometry of the complex [30]. In our case, at similar
concentration, an increase in the number of carbons in
the chain of the o,f-alkane diol means a higher value of
the association constant between the diol and the
p-cyclodextrin. This increase in the association constant
of the diol produce a lower inhibition effect as the CD
concentration is increased.

Denitrosation of MNTS in o,w-alkane diol/CD mixed
systems

In the case of terminal diols a similar study has been
carried out. The influence of CD in the presence of a
constant concentration of the a,m-alkane diol (from 2 to
6 carbons between the two alcohol groups) upon the acid
hydrolysis of MNTS was studied. The effect observed is
similar to that obtained for the geminal alcohol. As be-
fore, an increase in the alcohol concentration produces a
greater complexation with cyclodextrins and then a de-
crease in the inhibition effect of the cyclodextrin (see
Supplementary Material). Increasing the carbon tail be-
tween the alcohol groups give us, at a constant alcohol
concentration, to a decrease in the inhibiton effect of the
cyclodextrin due the increase of the association constant
of the diol (see Supplementary Material).

Discussion

The above behavior may be explained on the basis of the
model shown on Scheme 2, in which the complexation of

both, the substrate and the diol, with the CD is taken
into account. With these considerations the global
reaction rate can be expressed by Equation 1.

For the application of Equation 1 it is necessary to
determine the concentration of uncomplexed CD (CDyee)
for each diol concentration. To obtain this and consid-
ering the proposed model two methods can be devel-
oped; a) Presupposing a stoichiometry for the CD-Diol
complex and b) not presupposing any stochiometry for
the CD-Diol complex.

Method A: Presupposition of a complex stoichiometry

As in previous studies carried our in our laboratory in
presence of micellar surfactant as a third component
[25-31]. the concentration of free CD can be obtained by
means of simulation, supposing that the complex
formed between the diol molecules and the CD present a
stoichiometry ratio of 1:1, as well as for the CD-MNTS
complex.

The complexation constants for binding of the sub-
strate by CD, Kynts, and diol molecules by CD, KEl |,
are expressed as

[MNTS — CD]
MNTS], [CD]

3)

Kynts =
[ free

[CD — DIOL]

KLl =
Dol [DIOL]free[CD]

“)

free
The mass balances for the total concentrations of
cyclodextrin, diol and substrate

[CD] a1 = [CDJjyee + [DIOL — CD] + [MNTS — CD]
(5)

[DIOL}1oy = [DIOL]j + [DIOL —CD] - (6)

[MNTS] ., = [MNTS],, + [MNTS — CD] (7

are combined with binding constant to give a third order
equation for the concentration of free cyclodextrin.

+ B[CD];

free

A[CD. ]}

free + C[CD] - [CD]Total =0 (8)

free

where .
A = Kpig KmnTs ©)

B :Kll):ilol + Kvmnts + Kll):ilolKMNTS ([DIOL]Total

(10)
+[MNTS]T01'<1] - [CD]Total)

C :{1 + KB}OI([DIOLTotal - [CD]Total)

+ Kmnts ([MNTS] 1 — [CDrotal)

The wvalidity of the proposed model was tested by
fitting the Equation 1 to the experimental results by

(11)
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Table 1. Binding constants of CD-Diol complexes determined using Method A and B, see text for details

Diol Method A Method B
Kynts/M ™! Khig/ M KM
a,f-alkane diols
Etilenglicol 1623 + 27 0.25 + 0.05 0.30 + 0.09
1,2-propanediol 1550 + 39 1.00 £+ 0.05 0.99 £ 0.18
1,2-butanediol 1616 + 43 3.60 + 0.05 3.29 + 0.61
1,2-pentanediol 1629 + 68 11.50 £ 0.5 10.77 + 2.50
1,2-hexanediol 1590 + 80 33.0 £ 2.0 33.18 + 4.86
a,m-alkane diols
Etilenglicol 1623 + 27 0.25 +0.05 0.30 = 0.09
1,3-propanediol 1669 + 15 1.75 £ 0.05 1.78 + 0.30
1,4-butanediol 1524 + 75 3.80 + 0.05 3.85 + 0.67
1,5-pentanediol 1570 + 29 16.5 £ 0.5 16.61 + 1.08
1,6-hexanediol 1590 £ 110 50.0 + 2.0 48.37 + 6.42

4The error denotes the systematic variation in K]‘jilol during the fitting, see text for details.

means of an optimization process in which the opti-
mized parameters were K5l and Kynts: for Kynts
the value obtained in the previous section in the
absence of alcohol was used. The association constant
K§il | was systematically varied (the stepped range was
varied depending of the diol, see Table 1). For each
KEl, value, Equation 8 was solved for all the cyclo-
dextrin and diol concentrations, and the resulting
value of [CD]pee Were used to fit Equation 1 to the
experimental data by standard optimization of
Kmnts. The value of KJl, for which optimization of
Kyvnts afforded the least root-mean-square deviation
from the experimental data was taken as optimal.
The results for the o, and o,m-alkane diols are listed
in Table 1. The obtained optimized values for Kynts
agree, within the error, with the value obtained in the
absence of diols, showing the validity of the fitting
process.

Considering each [CD] and [diol] pair of values and
solving Equation 8 the value of [CD]g. for each kg
can be obtained. In such a way, the pair of values kg
vs. [CD]gee (see Figure 5) eliminate the effect due to the
diol, i. e. the third component effect on the acid
hydrolysis of MNTS in the presence of CDs. The
Figure 5 shows the best fit of Equation 1 to all alcohol
and cyclodextrin concentrations for the 1,5-pentanediol.
The validity of the proposed method can be checked if
we compare the values of free cyclodextrin and ks for
each alcohol concentration with the values in the
absence of alcohol. Figure 5 shows the concordance of
the method for 1,5-pentanediol. Similar representations
can be obtained for the other diols studied in this work
(see supplementary material).

If the effect of a third component on the acid
hydrolysis of MNTS in the presence of CD can be
eliminated, it can be concluded that this reaction can be
employed as a chemical probe to obtained the value of
[CD]fiee in equilibrium with any other substrate acting as
a third component.

Method B: Non Presupposition of a complex
stoichiometry

As opposed to method A, this method of calculating free
cyclodextrin, [CD]see, has the advantage of not pre-
supposing any stoichiometry for the CD-diol complex.
The experimental values of ks obtained from the study
of the influence of the CD concentration in the acid
denitrosation of MNTS in the absence of diols, leads to
an inhibition profile (Equation 1). Equation 1 can be
rearranged (Equation 12) to obtain the values of free
cyclodextrin from the experiments carried out in the
presence of diols through the used of k,, and Kynts
determined previously, without use K5l .

kw[HT] ) 1
CD = -1 12
[ }free <k0bs KMNTS ( )
0.2
60
0.15 e
= e
=~ 40 =
<0l g
< <
0.05 200~
0 0

0 2 4
[CD],../ mM

Figure 5. Variation of the k,ps/ky ratio with the concentration of free
cyclodextrin obtained from Equation 8 in the presence of 1,5-pen-
tanediol, Kkl = 16.5M™', [HCI]= 0.16 M. The curve represent the
fit of Equation 1 to the experimental data (O), the closed squares (W)
corresponds to reaction in the absence of alcohol. Reciprocal plot of
kobs as a function of the free cyclodextrin (@); the line represents the fit
to Equation 2.
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Table 2. Concentration of free cyclodextrin and binding constant of 1,6-hexanediol to CD for the different alcohol and CD concentrations, see

text for details®

[CDlroa/mM [DIOL)/M [CDlfree/mM Kho/M™! [CDlrota/mM [DIOL)/M [CDltree/mM Kfig/M™!
0.2 0.041 0.07 48.96 0.2 0.150 - -

0.5 0.041 0.15 58.14 0.5 0.150 0.06 50.82
1 0.041 0.35 4591 1 0.150 0.14 42.15
2 0.041 0.69 48.37 2 0.150 0.26 45.38
4 0.041 1.29 54.84 4 0.150 0.53 44.98
6 0.041 1.89 59.04 6 0.150 0.77 46.86
8 0.041 2.49 62.47 8 0.150 0.99 49.66
0.2 0.055 - - 0.2 0.246 0.01 55.71
0.5 0.055 0.14 45.23 0.5 0.246 0.05 37.70
1 0.055 0.31 41.88 1 0.246 0.09 39.77
2 0.055 0.61 42.33 2 0.246 0.18 42.29
4 0.055 1.10 50.92 4 0.246 0.34 44.00
6 0.054 1.54 57.09 6 0.246 0.52 44.22
8 0.055 2.05 59.25 8 0.246 0.67 46.08
0.2 0.082 0.05 41.46 @ =48.37 £+ 6.42

0.5 0.082 0.11 43.74

1 0.082 0.19 52.37

2 0.082 0.41 48.39

4 0.082 0.82 49.29

6 0.082 1.19 52.54

8 0.082 1.50 57.59

“The point with low and high cyclodextrin concentration presented, as expected, a higher experimental error determining the concentration of free

cyclodextrin.

considering that we are under pseudo-first order condi-
tions ([IMNTS]~1x 107> M) the concentration of
cyclodextrin complexed with the MNTS can be
neglected. Proposing now the formation of a 1:1 complex
between the diol and the CD, the mass balance for the
total concentration of CD and diol can be rewritten as

[CD]Total = [CD}free + [CD - DIOL] (13)

[DIOL}gy = [DIOL],, +[CD ~ DIOL]  (14)

and the binding constant of diol molecules to CD,
Equation 4, can be rewritten as:

[CD]Total — [CD]free

[CDh‘ree([DIOL]Total - ([CD]Tolal - [CD]free))

(15)
the unknown value of [CD]ge. can be obtained through
Equation 12, in such a way that the association constant
of diol to CD can be calculated punctually for each
point. It is interesting to point out the best conditions
where this method will reflects the better results; since at
low diol concentration the difference between [CD]iotal
and [CD].ee Will be small and with higher error. On the
other hand, at high diol and cyclodextrin concentrations
the value of [CD]g.. Will carry a higher error.

The constant in the value of KE! | obtained with the
different diols concentrations and varying the CD con-
centration shows us the validity of the method. In
Table 2 are shown the values of the free CD

1:1
KDiol -

concentrations and KE! | obtained from Equations 11
and 14 for 1,6-hexanediol. Similar tables for the others
diols have been obtained (see Supplementary Material)
and the values of KE! | for the other diols are listed in
Table 1.

In Table 1 are shown the KE! obtained from
Method A that gave us the best linear fit of Equation 1
to the experimental data and the average KJ!, obtained
from Method B for all CD and alcohol concentrations in
each case. The agreement between both methods shows
us the validity of the proposed mechanism and the two
methods of analysis. The coherence between the two

0.002
i o
S 0.0015 |
~
a _
) 0.001
=) -
2 3
= 0.0005 - °
0 ] | 1 | 1 | 1
0 0.0005 0.001 0.0015 0.002
Method A[CD] / M
free

Figure 6. Concentration of free cyclodextrin obtained by Method B
vs. the concentration of free cyclodextrin obtained for Method A for
each cyclodextrin concentration in the presence of 1,6-hexanediol. The
line represent the linear fit to the data.



proposed methods will be also determined by the con-
cordance in the obtained values for the concentration of
free cyclodextrin. In Figure 6 are shown the concentra-
tion of free cyclodextrin obtained by both methods for
each cyclodextrin concentration in the presence of
1,6-hexanediol. The slope of the plot close to one
(1.03 £ 0.02) shows us the agreement between the
methods. For the other diols used in this work all slopes
are also close to the unity (see supplementary material).
The validity of both methods allows to obtain the value
of the free cyclodextrin concentration in equilibrium
with MNTS and the diol without presupposing any
stoichiometry of the CD-diol complex.

As the number of carbons increases there is an in-
crease in the binding constant of the alcohol to the CD
for both the geminal and terminal alcohols (see Ta-
ble 1). The correlation between the stability of the
complexes, denote as  KE! |, with the molecular size can
be expressed in different ways. This dependence with
number of carbons can be linear or curve as has been
showed for surfactants [40, 41], and alkanols [42, 43].
Figure 7 shows a linear correlation between the
log Kli} | and the number of carbons in the chain for
both type of diols. An increase in the number of carbons
(an increase in its hydrophobicity) shows an increase in
the stability of the complex. Similar results has been
obtained for linear alkanols [14].

The binding constant for the alkane diols are lower
than for the corresponding mono-alcohol [14]. (for
example, K'*!' = 11.5, 16.5 and 90 M~ for 1,2-pen-
tanediol, 1,5-pentanediol and pentanol respectively),
suggesting that the presence of a second alcohol group
in the diols gives a greater hydrophilic character.
Therefore, an increase in the hydrophilic character of a
substrate implies less stable complexes with cyclodext-
rins and lower binding constants.

Initially the trend in the binding constant is parallel
to the decrease of solubility of the diol in water as the
number of carbons is increased, i.e. an increase in the

number of C
Figure 7. Variation of log with the number of carbons in the chain;
(O) a,w-alkane diols and (@) a,f-alkane diols. The line represent the
best linear fit to the data.
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hydrophobicity means an increase in the binding con-
stant. The binding constant of the o,w-alkane diols is
higher than for the analog o,f-alkane diols. As ex-
pected considering that the interactions can be quali-
tatively understood in terms of van der Waals forces
and hydrophobic effects. In the case of the a,f-alkane
diols we can consider -CH,OHCH,OH as the polar
head group of the molecule oriented towards the outer
part of the cavity and the hydrophobic tail towards the
inner part of the cavity. In the case of the o,w-alkane
diols, it is expected that both hydroxyl groups will be
oriented to the ends of the cavity, and the flexible
hydrocarbon moiety in the central part of the cavity. A
X-ray diffraction study on the 1,4-butanediol-CD
crystal complex showed that the diol molecule is
accommodated in the inner cavity of the CD as pre-
viously described [44].

Independently of the orientation adopted, the posi-
tion of the —OH groups at both end of the alkyl chain
allows the molecule to adopt a conformation where
their interactions are more favorable. However, the
“rigidity” of the “polar head” constituted by the
geminal diols (-CH,OHCH,OH), as well as its higher
hydrophilic character compare to the -CH,OH group
of a o,w-alkane diol makes the complexation process
between the CD and the terminal diol less favorable,
what implies lower association constants, KE! . for the
a,0-alkane diol compared with the analog o,B-alkane
diol.

Conclusions

The study of acid denitrosation of MNTS in presence of
cyclodextrins allowed us to propose a kinetic model
which let us to obtain the binding constants of the dif-
ferent alkane diols to f-cyclodextrins, as well as the
concentration of free cyclodextrin through the com-
plexation process.

The diol molecules act as a third component through
a complexation competition with MNTS molecules for
the cavity of the cyclodextrin. This leads to a decrease in
the stability of the CD-MNTS complex. Then, the effect
of the diols, as a third component, is a decrease in the
inhibition effect of the cyclodextrin on the reaction.

Two methods has been proposed to obtain the re-
sults: one presupposing a stoichiometry for the CD-Diol
complex and the other not presupposing any stoichi-
ometry. The agreement between both methods shows
the validity of the proposed kinetic model and the two
methods of analysis avoiding the presupposition of a
stoichiometry for the complex CD-diol the concentra-
tion of free cyclodextrin in equilibrium with MNTS and
the diol.

The binding constant for both types of alkane diols
increase with increasing the number of carbon in the
chain. Besides, the binding constant of the o,w-alkane
diols is higher than for the analog o,f-alkane diols and
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always lower than for the corresponding mono-alcohol,
as expected by hydrophobic and steric effects.

The main conclusion of this study is we can propose
the acid denitrosation of MNTS as a chemical probe for
determining the concentration of free cyclodextrin in
presence of different third components.

Electronic Supplementary Material Supplementary ma-
terial is available for this article at http://dx.doi.org/
10.1007/s10847-005-7379-4.
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