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Nuclear Magnetic Resonance (NMR) ‘Spectroscopy of Inclusion Compounds
of Tolbutamide and Chlorpropamide with g-Cyclodextrin in
Aqueous Solution!:?
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A structural study of the inclusion compounds of tolbutamide and chlorpropamide
with g-cyclodextrin in aqueous solution was attempted by means of proton nuclear magne-
tic resonance ({H-NMR) and carbon-13 nuclear magnetic resonance (**C-NMR) experiments.
The changes in chemical shift (*H, *C) and in relaxation times (*H-T';p, 13C-T,) suggested
that the drug phenyl moiety was included in the cavity of -CD mainly by hydrophobic
interaction, and that the primary hydroxy side of §-CD was tightly associated with each
drug. The binding mechanism and binding sites between the drug molecules and §-CD
are discussed in detail.
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Extensive studies*~'V on inclusion compounds of various medicinally useful molecules
with g-cyclodextrin (6-CD) have been reported.

Previous studies have shown that the inclusion compounds of §-CD with antiinflammatory
drugs can be prepared by the freeze-drying method,” and also that the dissolution rate® and
bioavailability? of such inclusion compounds were enhanced compared with those of intact
drugs.

The inclusion compounds of sulfonylureas with g-CD have been studied by circular di-
chroism spectroscopy, by high performance liquid chromatography and by the solubility
method.®%19  Further, the molecular motions in the inclusion compound of f-CD with tolbut-
amide (TBA) in aqueous solution have been examined by means of 13C nuclear relaxation
experiments.') However, the dynamic properties and mechanism of formation of the -CD/
TBA inclusion compound in aqueous solution are still not underestood in detail. In the present
work, the NMR technique was used to elucidate in detail the structures of the inclusion com-
pounds of TBA and chlorpropamide (CLP) with g-CD in aqueous solution.
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Experimental

Materials The following materials were used; 99.8%, deuterium oxide (Merck), sodium hydroxide-d,
solution (about 409 sodium deuterium oxide in D,O, Merck). Highly purified sulfonylureas and g-CD
were obtained as follows: tolbutamide from Hoechst Japan Co., Ltd., mp 128.5—129.5°; chlorpropamide
from Taito Pfizer Co., Ltd., mp 127—129°; p-CD from Teijin Ltd: All chemicals were used after recrystal-
lization followed by removal of the solvent in vacuo.

Methods The *H spectra and **C spectra were observed with a JNM-FX 100 spectrometer operating
at 'H-99.65 MHz and '3C-25.01 MHz in the pulsed Fourier transform mode. All spectra were obtained at
24.5+0.5°. The 'H-chemical shifts are given relative to external tetramethylsilane within +0.002 ppm.
The *C-chemical shifts are given relative to external tetramethylsilane within +0.039 ppm. The values
of 1/Ty, for the various protons were obtained from the spin-locking sequence!® according to equation 1:

M) = Moexp(—£[T1,) (eq. 1)

where M, () is the macroscopic magnetization at #, M, is th equilibrium magnetization at =0, ¢ is the spin-
locking time, and T3, is the spin-lattice relaxation time in the rotating frame. The operating conditions
were as follows: z/2 pulse at 15 usec; locking pulse(H,,) at 2.0 gauss; spin-locking times changing several
times (at least 9 points) between 0—>5 sec. The 13C spin-lattice relaxation time(7,) measurement were
carried out without degassing by the inversion recovery method!® using a (—180°-7—90°-T-) sequence,
where T is greater than 5 T, for carbons being measured. The T, values were obtained by least-squares
analysis of a plot of In(4.,—4;) vs. ¢, where 4, A;, and £ are the intensity at time ,(after a single 90° pulse),
the intensity at time £, and the pulse interval time in seconds, respectively. The slope of the line was taken
as —1/T,, with an accuracy of +£109%,.

Results and Discussion

1) 'H-NMR

Figure 1 shows the effects of TBA and CLP on the 'H-NMR spectrum of 8-CD in aqueous
solution. The H-5 signal of 3-CD could not be directly observed by 100 MHz-NMR, because
it overlapped with the H-6 and H-3 signals in the spectral region of 4.1—3.8 ppm. It was
clear that a new sharp signal assigned to H-5 progressively shifted to higher field, becoming
separated, in the presence of increasing amounts of TBA and CLP.

Figure 2 shows the TBA- and CLP-induced chemical shifts of g-CD at various molar
ratios of each drug to f-CD. It was evident that the H-3, H-6, and H-5 signals shifted to higher
field from their initial positions.

It was considered possible that the phenyl moiety of each drug molecule was included in
the cavity of g-CD; H-3, H-5, and possibly H-6 (located within the cavity of -CD) would
then be affected by anisotropic shielding due to the phenyl moiety, whereas H-1, H-2, and H-4
(located outside the cavity) were relatively unaffected. Considering the difference in relative
magnitude of 46 between H-5 and H-3, it can be assumed that the association between a drug
and $-CD may take place by approach of the drug molecule to the primary hydroxy side of
B-CD, by analogy with barbiturates/-CD.1¥ However, this assumption was not consistent
with the results of 1¥C-measurement, i.c., that the 13C-shifts of C-2 and C-3 were greater than
that of C-5, as will be mentioned later. In any case, it appeared that the primary hydroxy
side of f-CD was tightly associated with each drug, based on the results of 1¥C-measurement.
Therefore, the shifts of all the signals in -CD to higher field suggested that a hydrophobic
interaction was predominant between the drugs and g-CD.

Figure 3a,b shows the effect of f-CD on the tH-NMR spectra of TBA and CLP in aqueous
solution. All of the proton signals of TBA and CLP shifted to lower field with increasing
amount of g-CD. Similar chemical shift changes have been observed for other drug sys-
tems.®:1%  Except for the alkyl side chains of both molecules, the shift to low field of all

) R. Freeman and H.D.W. Hill, J. Chem. Phys., 55, 1985 (1971).
13) R. Freeman and H.D.W. Hill, J. Chem. Phys., 53, 4103 (1970).

) A.L. Thakkar and P.V. Demarco, J. Pharm. Sci., 60, 653 (1971).

) M. Suzuki and Y. Sasaki, Chem. Pharm. Bull., 27, 609 (1979).
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Fig. 1. 'M-NMR Spectra of g-Cyclodextrin® (1 x10-!mM) containing Various
Amounts of Tolbutamide and Chlorpropamide

Molar ratio of tolbutamide/B-cyclodextrin: (A) 0.00, (B) 0.25, (C) 0.50, (D) 1.00. .
Molar ratio of chlorpropamide/g-cyclodextrin: (A) 0.00, (E) 0.25, (F) 0.50, (G) 1.00.
Solvent: 0,28 NaOD in D,0O.

a) Assigned following refs. 6-b, 23 and 24.

other signals might be induced by diamagnetic anisotropy of particular bonds of §-CD® and
van der Waals shifts.!”? The low-field shift of the alkyl side chain might be induced by steric
perturbation,!® as will be discussed in more detail later in connection with the 33C-NMR data.
Plots of the molar ratio of §-CD: TBA or §-CD: CLP vs. the change in chemical shifts of each
drug indicated that a 1: 1 complex was formed, though some ambiguity remains, as no further
substantial changes of the chemical shifts took place above a molar ratio of 1: 1 (8-CD: drug)
with both drugs. This speculation is consistent with the results obtained by the solubility
method.1V

The molecular motions in the inclusion complex of f-CD with TBA and CLP were examined
in further detail by means of 1H-T',, measurement. The effects of f-CD on the 1H-relaxation

16) J.W. Apsimon, W.G. Graing, P.V. Demarco D.W. Mathieson, L. Saunders, and W.B. Whally, Tetra-
hedvon, 23, 2339 (1967).

17) B.B. Howard, B. Linder, and M.T. Emerson, J. Ckem. Phys., 36, 485 (1962)

18) B.V. Cheney and D.M. Grant, J. Am. Chem. Soc., 89, 5319 (1967).
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times of TBA and CLP are summarized in Table I a, b. Table I a, b shows that the addition
of #-CD to solutions of TBA and CLP decreased the relaxation times of all peaks of both mole-
cules. However, the effect was more pronounced in the case of the phenyl protons of both
molecules. The above results suggest a specific interaction between the drug phenyl moiety
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Fig. 2. Variation of *H Chemical Shifts of 0.1 m -Cyclodextrin with Concentration
of Tolbutamide and Chlorpropamide
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Fig. 3a, b. Variation of *H Chemical Shifts of 0.1 Tolbutamide
and 0.1 M Chlorpropamide with Concentration of 8-Cyclodextrin
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TasLE Ia, b. H-Relaxation Times (T,0) of Tolbutamide and Chlorpropamide
in the Presence or Absence of §-Cyclodextrin ($-CD)

5 4
6 aaas 3 2 1
a) CH3—< >—SOz—NH—CO—NH—CH2~(CH2)2~CH3

T p(sec)

Proton without with Ay
B-CD(I) B-CD(I) o/ 1)

1 1.88 0.61 3.08

2 1.50 0.39 3.84

3 1.07 0.24 4.45

4 2.23 0.40 5.56

5 2.27 0.41 5.53

6 1.09 0.26 4.19

5 4
— 3 2 1
b) CL—< >~S02—NH—CO—NH—CH2CH2—CH3

T, p(sec)
Proton without with T
B-CD(I,) B-CD(I) (Lol 1)
1 1.76 0.73 2.41
2 1.60 0.57 2.80
3 1.23 0.38 3.20
4 2.76 0.42 6.57
5 2.71 0.41 6.60

Tolbutamide, 0.1 u; chlorpropamide, 0.1 u; B-cyclodextrin, 0.1 x; solvent, 0.25 NaOD in D,O.

and g-CD.1%"20  These 'H-relaxation data provide further support for the view that the
phenyl moiety of each drug molecule is included in the cavity of f-CD in solution.

2) 13C-NMR

Hundred and fifty mg/ml of TBA, 150 mg/ml of CLP, 200 mg/ml of g-CD and mixtures
of these compounds in 2v NaOH solution (containing 309, D,0) were prepared to study the
effect of §-CD on the 13C-spectra and relaxation times (13C-T,) of TBA and CLP. The results
are shown in Table IT a, b. Except for C4 of TBA in the TBA/$-CD system, all phenyl signals
showed shifts to higher field, indicating a predominant hydrophobic interaction.22 Except
for C; and C; of CLP in the CLP/$-CD system, the phenyl signals were shifted to higher field.
In the TBA/B-CD and CLP/-CD systems, the shifts to higher field suggested that the phenyl
moiety of each molecule is included in the cavity of §-CD, as expected from the H-measure-
ments.

The low-field shifts observed for C4 of TBA and C; of CLP can be considered to reflect
hydrogen bonding between the sulfonamide moiety(-SO,NH-) and -CD. Such a speculation
dose not conflict with the suggested hydrophobic interaction. The reason for the low-field
shift of C,; on CLP is not clear.

The alkyl side chain of TBA in the presence of 8-CD showed shifts to higher field, in the
order C,>Cy>C,>C;. In the CLP/B-CD system, the shifts to higher field on the alkyl side

19) O. Jardetzky and N.G. Wade-Jardetzky, Mol. Pharmacol., 1, 214 (1965).
20) O. Jardetzky, Advan. Chem. Phys., 7, 499 (1964).

21) ].J. Fisher and O. Jardetzky, J. Am. Chem. Soc., 87, 3237 (1965).

22) W.W. Conover and J. Fried, Proc. Natl. Acad. Sci. U.S.A., 71, 2157 (1974).
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TasLE ITa, b. 13C Chemical Shifts and Relaxation Times (T;) of Tolbutamide and
Chlorpropamide in the Presence or Absence of -Cyclodextrin (8-CD)

109 8'—'7 s 5 4 3 2 1
a) sHC—< >—SOZ—NH—CO~NH—CH2—CH2—CH2—CH3

Chemical shift (ppm) T4 (sec)
Carbon  ithout with ses without with P
B-CD(d,) B-CD(9) 0 B-CD(L,) B-CD(I) Jo
1 13.596 13.596 0.000 2.17 1.69 1.28
2 19.687 19.638 —0.047 0.9 0.74 1.28
3 31.772 31.625 —0.147 0.54 0.42 1.28
4 40.300 40.104 —0.196 0.39 0.20 1.96
5 162.120 162.175 0.055 5.21 3.46 1.51
6 141.997 142.238 0.241 3.90 2.57 1.51
7 129.280 129.233 —0.047 0.47 0.27 1.75
8 126.453 126.356 —0.097 0.47 0.29 1.45
9 140.780 140.585 —0.195 7.25 4.45 1.64
10 20.905 21.002 0.097 1.16 0.08 1.45
Tolbutamide, 150 mg/ml; 8-cyclodextrin, 200 mg/ml; solvent, 2y NaOH in 309 D,O.
7_‘6 4 3 2 1
b) c1—8< >“—SoZ,-N1&1-(:0—1\1}1-(:1~12—c:}12—cH3
Chemical shift (ppm) T4 (sec)
Carbon without with 50 without with 1,1
B-CD(6,) B-CD(d) 0 B-CD(I) p-CD(I) 0

1 11.012 11.061 0.049 2.34 1.69 1.54
2 22.952 22.952 0.00 0.92 0.60 1.54
3 42.395 42.298 —0.097 0.43 0.26 1.67
4 162.315 162.370 0.055 6.36 3.70 1.72
5 142.192 142.293 0.101 7.70 4.61 1.67
6 128.937 128.789 —0.148 0.54 0.23 2.33
7 128.110 128.157 0.047 0.52 0.28 1.85
8 137.225 137.170 —0.055 6.91 4.34 1.59

Chlorpropamide, 150 mg/ml; 8-cyclodextrin, 200 mg/ml; solvent, 25 NaOH in 30% D,0.

chain were not clear except in the case of C;, but the overall tendency was the same as that
of TBA. This higher field shift in the 13C-spectra of the alkyl side chain and the low-field
shift in the 'H-spectra of the alkyl side chain might be induced by a steric compression effect.}?
It is possible that when the phenyl moiety of the drug molecule is included in the cavity of
B-CD, the alkyl side chain may extrude from the cavity and may be in a sterically different
situation from that in aqueous solution.

The T, values of TBA and CLP in the presence and absence of §-CD are also listed in Table
Il a,b. The values obtained are a little smaller than those of a previous report,!¥ possibly due
to differences in measuring conditions. In the presence of 8-CD, all T'; values decreased by a
factor of 1.4—1.5, with a slightly larger decrease in T of the phenyl moiety. Usually, 13C-
NMR is not much affected by intermolecular interactions, as in 'H-NMR, but the above results
indicate that the molecular motion of TBA and CLP is reduced as a consequence of inclusion
within g-CD.

23) R.J. Bergern, M.A. Channing, G.J. Gibeily, and D.M. Pillor, J. Am. Chem. Soc., 99, 5146 (1977).
24) H. Ueda and T. Nagai, in preparation for publication.
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TasbL IITa, b. 13C Chemical Shifts of g-Cyclodextrin® in the Presence or
Absence of Tolbutamide (TBA) and Chlorpropamide (CLP)

6
HH,COH

S-cyclodextrin

a) Tolbutamide

Chemical shift (ppm)

Carbon

without with 5—&
TBA(J,) TBA(S) °
1 103.483 103.160 —0.323
2 73.778 73.485 —0.303
3 74.635 74.460 —0.175
4 82.446 81.816 —0.630
5 72.411 72.362 —0.049
6 61.031 60.620 —0.411
b) Chlorpropamide
Chemical shift (ppm)
Carbon without with 5—5
CLP(d,) CLP(d) 0
1 103.483 103.211 —0.272
2 73.778 73.532 —0.256
3 74.635 74.460 —0.175
4 82.446 81.867 —0.579
5 72.411 72.316 —0.095
6 61.031 60.669 —0.362

B-Cyclodextrin, 200 mg/ml; tolbutamide 150 mg/ml; chlorpropamide, 150 mg/ml; solvent,
2~ NaOH in 309% D,O.
a) Assigned following refs. 25 and 26.

Table III a,b shows the effects of TBA and CLP on the ¥C-NMR spectrum of 5-CD in
aqueous solution. All signals of 3-CD showed shifts to higher field in the presence of TBA or
CLP. C,and C,of B-CD were affected more than other carbons. This effect may have resulted
from a small conformational change of 8-CD, as the C, and C, positions are mobile because
B-CD is a-(1,4) linked. The primary alcohol group (Cg) of f-CD was also affected; its internal
rotation may decrease with the inclusion of TBA and CLP.

Measurements of the 13C-relaxation time of 8-CD in aqueous solution were carried out to
investigate the effects of TBA and CLP in detail. However the relaxation times of §-CD
upon addition of TBA and CLP were so short that accurate values could not be obtained under

the present experimental conditions. Consequently, we cannot discuss the molecular dynamics
of f-CD here.
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