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TRAPPING A REACTION BY CYCLODEXTIUNS 
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Abstract: The formation and decomposition of an intermediate is observed spectrophotometrically in the 
coupling reaction between pnitrophenyldiazonium chloride and NJV-dimethylaniline in the presence of & 
cyclodextrin. A kinetic analysis of this process is reported. 

Cyclode~trlns,~ cyclic oligomers of glucose, have been widely used as catalysts, enzyme mimics? micro- 

reaction vessels and stabilizers? Recently, we reporter catalysis of an aromatic electrophillk substitution reaction 

by cyclo&xtrins ,and attributed this to the stabilization of the sigma complex intermediate of the reaction. We now 

report the trapping of an intermediate by &cyclodextrln, (1) in a similar reaction between pnitrofihfkyl diazonium 

salt (2) and N,N-dimethylaniline (3). 
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Figurel- Time dependent LTV-Vll 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 2 axis in this three dimensional llhrstratlon represents time. Each 
spectra are recorded at two minute intervals, 

The time dependent UV-VIS absorption spectra of the reaction mixtures of 2 and 3 ln the presence (A) and 

in the absence (B) of 1 are given in figure 1. Ptoduction and subsequent decomposition of a band at 500 nm, 

indicative of formation of an intermediate, is observed in the presence of 1 (Fig. i A). However, in the absence of 

1, the broad band formed with Lhwx 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 ate 

identified to be 4-nltro-C-N,N-dlmethylaminoaxobenzne (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 tk absorbance gives an excellent fit to a fust order rate law (curve 

A in Fig. 2). In the presence of 1, its shape is a classlca16 example of formation, followed by decomposition of an 
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intermediate (curve B in Fig. 2). An equation for this reaction. 
KH 

isgiveninschemeI;whereCDisl,D+isZ,Ais3,ACDis AH+ v A+H+ 

the complex of i and 1, [A.CD.D]+ is the observed intermediate 
A+CD’ 

and P is the reaction product 4. ‘Ihe absorbance at 500 mu 
<K”T A.CD 

(A& at any time can be broken down into the sum of the A.CD + D+ kl , [A.CD.D+] 

absorbances of the intermediate, [A.CD.D]+, and of the product., [A.CD.J)+] -> CD + P 

(p), due to catalyzed and uncatalyzed reactions as follows: k2 

b = e,[ACD.D]+ + ez[Plcat + e2[P]uWat . . . . . . . Eq. 1 Scheme 1 

where et and e2 are extinction coefficients for the intermediate, [A.CD.D]+, and the product and [pIcat and [Pluncat 

am the concentrations of the product due to catalyzed and uncatalyred reactions respectively. Expressions for the. 

concentration of the various species formed in the reaction can be derived6 as: 

[A.CD.D+]= IArtjk’ (e-5’ - e-9) - p] 
WW, 

, &= R2_k; &e-V-k;&)+C; pbw=a(l-e439+C ----- Eq.2 

where [ACD], is the concentration’ of the complex at time zero, k; = kI [D’] and k3 is the pseudo first order rate 

constant for the uncatalyxed reaction. Fits for the calculated8 lines to the experimental data are satisfactory (similar 

to the solid lii curve B in Fig. 2) between pHs 4.5 and 6.5. The binding constants Ka 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 ld to 1 x 10% 
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Figure 2 - Time dependent absorbance for the 
reaction at pH 5.5: A - in the absence of 1; B- in the 
presence of 1 ; C - in the presence of heptakis-2,6- 
dimethylcyclodextrin (5) at pH 3.7. Circles are 
experimental points and the line is calculated using 
equations 1 and 2. 

Table I: Physical constants for the reaction between 
2and3. 

PH k’ a 1 k2a et 
x l(r5 

6.5 1.4 1.4 9.1 0.85 3.1 

6.0 1.0 1.1 1.1 1.2 2.4 

5.5 1.2 1.0 1.4 0.65 1.4 

4.8 ‘1.0 1.0 2.0 0.74 0.49 

4.5 0.63 0.55 2.2 1.1 0.27 A 

3.7 1 0.01’ 1 0.01’ 1 8.3’ 2.1’ 

in the presence of 1, computed using equation 1 and 2. 
in the absence of 1 determined using fmt order rate law. 
in the presence of 5 instead of 1 
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Figure 3 - pH profile for the reaction bemeen 2 and 
3: (0) A - uncatalyzed reaction; (A) B and (v) C - A; 
and k, tespectively for the catalyzed reaction 
calculated using equations 1 and 2. 

coupling n?mions of aryldiaxonium ions with 

aNnMticcompoundsinpolarmediapmceedbyformation 

ofrucomplexfollowedbyprotontran&rtoabaseorthe 

solvent.1o The rehuive magnitudes of k, and 4 dete&ne 

the rate lhniting steps in this ruactioul’ Ihe rate 

t&c * - gstepchangesfromk,tok2ingoingfromwater 

to acetonitrile or nitromethane for tbe coupling of 4- 

toluenediaxonium ion with N,N-dimethylanSine.‘3 The 

rate limiting step in the teaction between 2 and 3 in 

aqueous solutions in the absence of 1 is k, because the 

proton transfer from the sigma complex to twater is fast.13 

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 (k2) is decelerated, becomes pauially 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 fqure 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 tep~rted’~ pK,, (5.15) for 3 (curve 

A in Fig. 3). The rate constants, kI and kz 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-dimethylcyclodextrints (5) is used instead of 

1, the rates of formation and decomposition of the intermediate become ten 0.3 

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. 
:: 

0.2 

A diazonium salt can attack the puru-position or the nitrogen atom 2 

of 3. The former would give a cr-complex Gadduct) and, the latter, a f o 

quatemary ammonium salt (N&duct). Molecular orbital calculations16 z OS1 

show that the energy of x - x* transition for the N-adduct is lower than that 

for the C-adduct and thus I,_ for the former will be at a lower 

wavelength than that for the latter. In an attempt to distinguish between O-O 

these two possible suuctures for the intermediate, thne dependent spectra 

-J 

400 500 600 
Wavelength 

of a mixture of 1.2 and N,N-dimethyl-p-toluidine (6) were compared with Figure4-Finalspectraforamixture 
of 1, 2 and A - NJWimethyl-p- 

those for a mixture of 1, 2 and p-f-butyl-N,N-dimethylaniline (7). tol~b, B _ p&gy]_N,N_~&y]_ 

Formation of bands (without decomposition) with & at 500 nm for the aniline at PH 4*o. 
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former (curve A in Fig. 4) and at 390 om for the latter (curve B ln Fii. 4) are observed. These absorption bands 

ate not observed in the absence of &cyclodcx@hrfor either of the mixtures. The ipso attackt’ of 2 on 6 would 

give rise to a a-complex. Gbservation of similar intermediates have been reported in aqueous bromination ‘of phenol 

and pcmso1.ts However, in a mixture of 2 and 7, the electrophilic attack would be at the nitrogen atom to give 

the N-adduct because the ipro attack in this system would be unfavorable due to steric .reasons. Thus, absorption 

bands with a & at 500 nm and at & 390 can be ascribed to the 0-complex and the N-adduct respectively. 

These observations support the view that the intermediate trapped by ~cyclodextrin in the reaction between 2 and 

3, which has an absorption band with & at 500 nm, is the u-complex of the electrophillic reaction. 
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