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TRAPPING OF A REACTION INTERMEDIATE BY CYCLODEXTRINS

Hongping Ye, Weida Tong and Valerian T. D’Souza*
Department of Chemistry, University of Missouri, St. Louis, MO 63121

Abstract: The formation and decomposition of an intermediate is observed spectrophotometrically in the
coupling reaction between p-nitrophenyldiazonium chloride and N,N-dimethylaniline in the presence of B-
cyclodextrin. A kinetic analysis of this process is reported.

Cyclodext.tins.l cyclic oligomers of glucose, have been widely used as catalysts, enzyme mimics,2 micro-

reaction vessels and stabilizers. Recently, we reported“ catalysis of an aromatic electrophillic substitution reactioﬁ
by cyclodextrins ‘and attributed this to the stabilization of the sigma complex intermediate of the reaction. We now
report the trapping of an intermediate by B-cyclodextrin (1) in a similar reaction between p-nitrophenyl diazonium
salt (2) and N,N-dimethylaniline (3). '
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Figure 1 -  Time dependent UV-Vis spectra of a reaction mixture of 2 and 3 at pH 4.0: (A) in the presence of
1; (B) in the absence of 1. The Z axis in this three dimensional illustration represents time. Each
spectra are recorded at two minute intervals. :

The time dependent UV-VIS absorption spectra of the reaction mixture® of 2 and 3 in the presence (A) and
in the absence (B) of 1 are given in figure 1. Production and subsequent decomposition of a band at 500 nm,
indicative of formation of an intermediate, is observed in the presence of 1 (Fig. 1 A). However, in the absence of
1, the broad band formed with A at 410 (due to the product) does not decompose over time (Fig. 1 B), suggesting
that the intermediate is not observed. The products isolated at the end of both the reactions are identical and are
identified to be 4-nitro-4’-N,N-dimethylaminoazobenzene (4).

The time dependent absorption spectra which represent a cross sections of figure 1 at 500 nm are given in
figure 2. In the absence of 1, the increase in the absorbance gives an excellent fit to a first order rate law (curve
A in Fig. 2). In the presence of 1, its shape is a classical® example of formation, followed by decomposition of an
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intermediate (curve B in Fig. 2). An equation for this reaction Ky
is given in scheme I; where CD is 1, D*is 2, Ais 3, ACDis AH* €«——= A +H'

the complex of 3 and 1, [A.CD.D]* is the observed intermediate , K,
. . A+CD «=——— ACD
and P is the reaction product 4. The absorbance at 500 nm ’
(Asqo) at any time can be broken down into the sum of the A.CD + D* k; > [ACDDY]
absorbances of the intermediate, [A.CD.D]*, and of the product, [A.CD.D*] ———kz—-—> CD + P

(P), due to catalyzed and uncatalyzed reactions as follows:

Agp = ¢ [A.CD.DJ* + €,[P]y, + €Plypcar oo Eq. 1 Scheme 1
where ¢; and ¢, are extinction coefficients for the intermediate, [A.CD.D]*, and the product and [Plog and [Plypcar
are the concentrations of the product due to catalyzed and uncatalyzed reactions respectively. Expressions for the-
concentration of the various species formed in the reaction can be derived® as:

[A.CD.D*] =%(¢kﬁ - et2); [Plea™ %?lz—;‘; (kgetit - kj e42) 4C; [Pl =1 - €35 4C ----- Eq.2
where [ACD],, is the concentration’ of the complex at time zero, k", = k; [D*] and k; is the pseudo first order rate
constant for the uncatalyzed reaction. Fits for the calculated® lines to the experimental data are satisfactory (similar
to the solid line curve B in Fig. 2) between pHs 4.5 and 6.5. The binding constants K, for A.CD are in the same
range as those reported9 for complexes of aromatic substrates with 1 and the transient bright red color observed in
these reactions is characterized by a high extinction coefficient for the intermediate (1 x 10°t01x 105).
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Figure 2 - Time dependent absorbance for the
reaction at pH 5.5: A - in the absence of 1; B-inthe . .
presence of 1 ; C - in the presence of heptakis-2,6- I the presence of 1, computed using equation 1 and 2.
dimethylcyclodextrin (5) at pH 3.7. Circles are 1P the absence of 1 determined using first order rate law.
experimental points and the line is calculated using in the presence of § instead of 1

equations 1 and 2.
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Figure 3 - pH profile for the reaction between 2 and
3: (o) A - uncatalyzed reaction; (a) B and (v) C - k;
and k, respectively for the catalyzed reaction
calculated using equations 1 and 2,
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Coupling reactions of aryldiazonium ions with
aromatic compounds in polar media proceed by formation
of a o-complex followed by proton transfer to a base or the
solvent.'® The relative magnitudes of k, and k, determine
the rate limiting steps in this reaction.!! The rawe
determining step changes from , to k, in going from water
to acetonitrile or nitromethane for the coupling of 4-
toluenediazonium ion with N,N-dimethylaniline.!? The
rate limiting step in the reaction between 2 and 3 in
aqueous solutions in the absence of 1 is k; because the
proton transfer from the sigma complex to water is fast.!?
However, in the presence of 1 the sigma complex may not
be accessible to the aqueous solvent depending on its
orientation within the cavity of cyclodextrin. Hence, the
second step (k) is decelerated, becomes partially rate

determining, and gives rise to the time dependent absorption spectra observed in these reactions. This suggestion
is supported by the pH-rate profile shown in figure 3. The reaction in the absence of 1 shows a normal rate profile
for a reaction with a kinetic pK, of the substrate of 5.7 which is close to the reported'® pK,, (5.15) for 3 (curve
A in Fig. 3). The rate constants, k; and k, in the presence of cyclodextrin seems to be relatively insensitive to

changes in pH suggesting that the reacting species are not influenced by and may not be accessible to the surrounding

solvent. When heptakis+2,6-dimethylcyclodexu'in'5 (5) is used instead of
1, the rates of formation and decomposition of the intermediate become ten
fold lower (curve C in Fig. 2, Table I). This further indicates that
accessibility (hindered by the methyl groups of 5) of the reacting species
to the solvent system plays an important role in these reactions.

A diazonium salt can attack the para-position or the nitrogen atom
of 3. The former would give a o-complex (C-adduct) and, the latter, a
quaternary ammonium salt (N-adduct). Molecular orbital calculations!®
show that the energy of z - & transition for the N-adduct is lower than that
for the C-adduct and thus A, for the former will be at a lower
wavelength than that for the latter. In an attempt to distinguish between
these two possible structures for the intermediate, time dependent spectra
of a mixture of 1, 2 and N,N-dimethyl-p-toluidine (6) were compared with
those for a mixture of 1, 2 and p-r-butyl-N,N-dimethylaniline (7).
Formation of bands (without decomposition) with A, at 500 nm for the
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Figure 4 - Final spectra for a mixture
of 1, 2 and A - N,N-dimethyl-p-
toluidine; B - p-s-butyl-N,N-dimethyl-
aniline at pH 4.0.
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former (curve A in Fig. 4) and at 390 nm for the latter (curve B in Fig. 4) are observed. These absorption bands
are not observed in the absence of B-cyclodextrin for either of the mixtures. The ipso attack!” of 2 on 6 would
give rise to a c-complex. Observation of similar intermediates have been reported in agqueous bromination of phenol
and p-cresol.'® However, in a mixture of 2 and 7, the eléctrophilic attack would be at the nitrogen atom to give
the N-adduct because the ipso attack in this system would be unfavorable due to steric reasons. Thus, absorption
bands with a A, at 500 nm and at A, 390 can:be ascribed to the o-complex and the N-adduct respectively.
These observations support the view that the intermediate trapped by p-cyclodextrin in the reaction between 2 and
3, which has an absorption band with- A, at 500 nm, is the o-complex of the electrophillic reaction.
Acknowledgmenis: Authors gratefully acknowledge the financial support from Mallinckrodt Specialty Chemicals
Company, the Missouri Research Assistance Act, the Petroleum Research Fund and the University of Missouri-St.
Louis.
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