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Presence of an intermediate inclusion species is demonstrated
by 270 MHz 1H—NMR spectroscopy in the system of the title azo
compound and the charged derivatives of a-cyclodextrin. The 1H—NMR
peaks due to the sulfanilate moiety of the guest molecule are dis-
tinctly split into two peaks upon binding to the positively charged

cyclodextrin, suggesting the formation of an intermediate species.

The mode of interaction of cyclodextrin with a variety of aromatic guest

molecules in solution has been extensively studied mainly by proton magnetic

1)

resonance spectroscopy (1H—NMR). a-Cyclodextrin, the smallest member in the

series of cyclic oligosaccharides composed of six or more a-(1,4)-linked D-gluco-
pyranose units, forms regioselective inclusion complexes with rod-like organic

2)

compounds such as the title azo guest molecule (3-tBuHABSO. In these

).
3
systems, NMR spectroscopy was proved to be a powerful tool to clarify the
interaction site of the formed regioselective inclusion complex.
Recently, we have demonstrated the following two-step mechanism for the

inclusion reaction of a positively charged a- cyclodextrin, an ethylenediamine

. . 2+
monosubstituted a-cyclodextrin ((C6H10 5)504H7CSH2C NH2 CHZCHZNH3 é)OL—CDxenHZ )
and a negatively charged title guest molecule in aqueous solution.

fast slow
2+ 2+%* 2+
Guest(G) + a—CDxenH2 b m— G-aCDxenH2 —_— G~aCDXenH2 (1)

Despite such an impressive detection by kinetic method of an intermediate

*
species (G—aCDxenH22+ ), its structure was still not elucidated.
(HiC)sC  Hy

3—tBuHABSO3_; HA™ form
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In the present paper, we propose the structure of the intermediate species,
reporting the 1H—NMR evidence for the two-step inclusion process (Eg. 1) of
3—tBuHABSO3_ with a positively charged a-cyclodextrin.

The 'H-FT NMR spectra of the degassed sample ([guest] = (0.8 - 3.8) x
1072 mol dm™3, [a-CDx] = [a-CDxen] = (0.6 - 6) x 102 mol dm >, and [zn°*] =
8.4 x 10_2 mol dm_3) were taken on a JEOL JNM GX-270 spectrometer (270 MHz)
in a 5mm spinning tube at 25°. Deuterium oxide (99.9%), 40% sodium
hydroxide-d1 (NaoOD), and 20% hydrochloric acid—d1
E. Merck, Ltd. Chemical shifts were referred to external tetramethylsilane

2

(DCl) were purchased from

(1% TMS in CDC13) with an accuracy of 0.001 ppm.

Figure 1 shows the 1H—NMR spectra of an acid form (HA™) of 3-tBuHABSO, in
the absence and the presence of ¢-CDx and ¢-CDxen in D :
"H-NMR spectra of 3-tBuHABSO,~

heights, substituents effect, and additivity rule. The coupling constants of the

50 (pD = 3.2). The assign-

ments of the are based on coupling constants, peak

sulfanilate moiety (H8,12 and H9,11) and the phenol moiety (t-Bu, and HZ,S,G) are

8,12 = J9,11 = 8.43 Hz, J5,6 = 8.43 Hz, and J2,6 = 2.19 Hz. 1In

0-CDx system (Fig. 1B), the protons of H9'11 and H8,12 show an appreciable down-
field shift (AG(H9’11) = S§(complex) - §(free) = 0.546 ppm and AS(H8'12) = 0.629
ppm) as compared with those of H2,5,6 and t-Bu substituent. This fact indicates
that o0-CDx interacts regioselectively with the sulfanilate moiety (—PhSO3 ) of

determined to be J

3-tBuHABSO, . A large steric hindrance occurs between the rim of «-CDX and the
t-Bu subst;tuent.4) Figure 1B shows only the presence of one inclusion complex.
Upon binding to ¢g-CDxen in acid pD region, the 1H—peaks of 3—tBuHABSO3§,
particularly those of the sulfanilate moiety, split into two peaks. This
shows clearly the formation of a new inclusion species which is not detected
in the ¢-CDx system. The chemical shifts (§) designated as A in Fig. 1C
coincide almost with those observed in ¢-CDx system (Fig. 1B); the structure of
this state (state A) closely resembles that of the a-CDx inclusion complex. On
the other hand, the § of state A* in Fig. 1C differs considerably from that of
state A. The 1 and t-Bu in state A* appear always more upfield as
2 and H6.5)

H and H , more upfield positioning of § are observed,
8,12 9,11 "

the inclusion in state A 1is to some extent shallow=2r than that in state A. This

H-peaks of H5

compared with those in state A except for H Particularly, as for

6) jndicating that

shallow inclusion would be due to the strong electrostatic interaction in state A*
operating between the*positive charge (—NH2+CH2CH2—NH3+) and the negative charge
(—SO3_). The state A is not observed in alkaline pD region.7) All the
interesting TH_NMR feggures observed in a-CDxen system appear also in o-CDxen Zn

2+

system (See Fig. 1D).

Figure 2 shows the dependence of § of 3-tBuHABSO
2+ 9)
2 - *
dependence of §, corresponding to the two states, A and A . The peaks (GA)

3 on the concentration of

o-CDxenH There are two characteristic tendencies as for the concentration-

ascribed to the state A appear always at the same position irrespectively of the

bound (%), suggesting the chemical exchange is slow as compared with the NMR time

*
10) However, the signals (dA*) due to A appear in the intermediate region

scale.
between §(free) and 6(intermediate); their position and peak areas are propor-

tional to the bound(%), i.e., the ratio of the population of the intermediate
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Fig. 1. 1H—NMR Spectra of t-BuHAB-

Ao ; i SO3_ in the Absence and the Presence
/:f'; ; i ] of 0-CDx and o-CDxen in DZO
{‘( P i (pD = 3.4). The symbols, o and e,

. *
| | E3 denote the states, A and A ,
\ ‘ U~——*} L respectively.
|

A: 3-tBuHABso3‘ alone,

B: a-CDx system,

C: a-Cbhxen system,

D: a-CDxen + Zn2+ system.

H
Ay 8'_':2 | t-Bu

Fig. 2. Dependence of the
Chemical Shifts (§ ) of
3-tBuHABSO, on the Concentration

3
of q-CDxen (pD = 3.4). 2s for

the symbols, o and e, see Fig. 1.
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species increases. This fact indicates that the chemical exchange of the type

*
G + a-CDxenH 2+ +=— G-aCDxenH 2+

2 2
1) which is in line with the result of the stopped-flow data.

proceeds rapidly compared with the NMR time
scale, 3)
In conclusion, we could propose the following reaction mechanism for the

inclusion reaction of a—CDxenHz2+ with 3—tBuHABSO3_.12)

N N

HOQ'M - 2/ fast -2+ | slow, N

g NOso0r - v 0N [ 4o ) SO0 Oy g
M (SRS KIan

3 3 3 CH, HC CH

A A

In the first step, the negatively charged guest molecule forms an unstable inter-

mediate inclusion complex with the positively charged oa-cyclodextrin in such a

13) The second step would be

way that the electrostatic interaction is operative.
assigned to the intramolecular motion of the intermediate species, such a proc-

ess being responsible for the final rearrangement of the interacting site.
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