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ABSTRACT: N'-tert-Butoxycarbonylmonoamino acid-binding ,8-CDs (1,2,3,4,5) and a-CD (6) were prepared by DCC 
coupling. NMR study suggests some of these novel modified CDs that act as host and guest to prefer "pseudo polymer" 
formation. The length of an arm between the N'-tert-butoxycarbonyl group and C6 position on the glucose ring was that 
of -NH-Ca -CO-NH-. Modified ,8-CDs having longer arm form intramolecular rather than intermolecular complexes. 
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The development of supramolecular chemistry in
volves more complete control over molecules and supra
molecules. Supramolecular chemistry is that discipline 
of chemistry which involves all intermolecular interac
tions where covalent bonds are not established between 
interacting species. The majority of these interactions is 
of the host-guest type. Cyclodextrins (CDs) have been 
known to be the most important ones, because they form 
inclusion complexes with a variety of aromatic com
pounds in aqueous solution.1 Early stages in CD chemis
try presented a wide range of chemists with the very im
pressive concept of a host-guest complex described as a 
ball in a bottomless pail. Recently, interaction between 
CD and macromolecules has been investigated.2 Some 
superstructures that incorporate plural CDs as compo
nents have been reported as pseudoroxanes, rotaxanes, 
polyrotaxanes,3 side-chain polyrotaxanes,4 catenanes,5 

and molecular shuttle driven by light6 or heat.7 

A rather unique superstructure has been observed in 
the solid state for a monosubstituted [3-CD derivative 
that behaves as host and guest, such that bulky hydro
phobic groups intermolecularly enter other CD cavities 
and helical "polymers" are formed8 or such that a -CH2-
NH(CH2)6NH2 side chain on the primary face of one 
molecule enters a cavity of the f3 -CD ring of a neighbor
ing molecule. 9 

To compose a more organized system using simply 
modified CDs, the important factor is the combination of 
"flexible" groups and "rigid" groups. We prepared "flex
ible" modified CDs which have an aromatic amino acid 
and observed location changes of modified groups by lD 
and 2D NMR measurements.10 Aromatic groups on CD 
through a flexible arm usually form intramolecular com
plexes. Potential formation of intramolecular inclusion 
complexes in other peptide-CD as evidenced by NMR 
study has been reported.11 To expand CD chemistry to 
realize unique superstructures in the solution for a sub
stituted CD derivative that behaves both as host and as 
a guest, such that a substituent on the primary face of 
one molecule enters the cavity of the CD ring of a neigh-
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boring molecule, an aliphatic hydrophobic group, such as 
the tert-butoxycarbonyl group (Boc group) is introduced 
CD. This paper reports a molecular assembly like 
"Blocks" through the formation of intermolecular inclu
sion complexes in aqueous solution and the correlation 
between molecular structure and inclusion. 

RESULTS AND DISCUSSION 

Spectroscopic Characterization of Mono-6N(N'-tert
butoxycarbonyl)amino Acid-Binding CDs(BCD) Series 

BfJCDs ( Figure 1 ) , mono-6N ( N'-tert-
butoxycarbonylglycyl)amino-6-deoxy-[3-CD(l), mono-6N 
( N'-tert-butoxycarbonylglycylglycyl ) amino-6-deoxy-f3-
CD(2), mono-6N (N' -tert-butoxycarbonylphenylalanyl) 
amino-6-deoxy-[3-CD ( 3 ) , mono-6N ( N'-tert
butoxycarbonylphenylalanylglycyl) amino-6-deoxy- f3 -CD 
(4) and mono-6N(N'-tert-butoxycarbonyltriptophanyl) 
amino-6-deoxy-f3-CD(5), were obtained in almost 40% 
yield and purified with recrystallization in water. Arms 
between CD and the Boc group consisted of origo pep
tides. The number of amino acids has the same long 
arm. 1, 3, 5, and 6 have the shorter arm (one amino 
acid), and 2 and 4 have the longer arm (2 amino acids). 

H 

R: 1 Boc-Gly (n=6) 
2 Boc-GiyGiy (n=6) 
3 Boc-Phe (n=6) 
4 Boc-PheGiy (n=6) 
5 Boc-Trp (n=6) 
6 Boc-Giy (n=S) 
7 Phe(CHO) (n=6) 

Figure 1. Structure of BCD. 
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Figure 2. Representative 500 MHz 1H NMR spectra of BCDs in 
D20. (a): 1, (b): 2, (c): 6 at room temperature. 
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The representative 1H NMR spectra are shown in Figure 
2. NMR chemical shifts of protons due to CD components 
are observed as unsplit peak, which is different from 
previously reported intramolecular complex type modi
fied CDs.10b.f,hl CD resonances of 1, 3, and 5 are observed 
as broad peaks. NMR chemical shifts of the Boc groups 
of all the BjJCDs are observed at lower field than that 
without CD groups. The low-field shift reverts with 1-
adamantanol (Table I). Broader resonance of 1, 3, and 5 
was narrowed by adding 1-adamantanol and heating 
over 80°C. Direct evidence of the inclusion complex is ob
served in the NOESY spectra of Bj)CD (Figure 3). A 

Table I. Chemical shifts of the tert-butoxycarbonyl group with 
and without 1-adamantanol 

Compound 
a/ppm" 

Without With c.ab 

1 1.406 1.326 0.080 
2 1.450 1.431 0.019 
3 1.346 1.200 0.146 
4 1.395 1.385 0.010 
5 1.247 1.172 0.075 
6 1.332 1.328 0.004 
BocGly 1.318 b 

BocPhe 1.125 
BocTrp 1.198 

a Conditions; [BocGly]=57mM, [BocPhe]=38mM, [BocTrp]= 
0.7 mM, [1-6] = [1-adamantanol] =2.6-2.9 mM, temperature: 
27"C, b Not examined. b. Difference between 8 value without 1-
adamantanol and 8 value with 1-adamantanol. 

3 2 m 

t 
H3, H5 vs. Boc 

Figure 3. 2D NOESYNMR spectrum of3 with /3-CD in D20. 

Polym. J., Vol. 33, No.3, 2001 243 



K. TAKAHASHI, K. lMOTANI, and M. KITS UTA 

a 

b 

c 
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Figure 4. t-Butoy group proton region of 500 MHz NMR spec
tra of3 at 2.7 X 10- M and at 25"C(a), SO'C(b), and 4.0X 10-5 M at 
25'C(c) and so'C(d). 

cross peak between the H3 protons of CD ring and meth
ylene protons of Boc group was observed. Concentration
dependent changes were observed in the resonances of 
Boc groups on 1, 3, and 5. Representative data are 
shown in Figure 4. A single peak of the Boc group on 3 is 
observed at 1.35ppm at 2.7X10-3 M, and two peaks at 
1.35 and 1.15 ppm at 4.0X 10-5 M at 80'C. The Boc 
groups of Bj3CD may thus be included in CD cavities 
and Boc groups on 1, 3, and 5, in other CD cavities. 

Hybrid Complex Formation between BCD and Native 
CDs 

Direct evidence for intermolecular complex formation 
among modified CDs is given by hybrid complex forma
tion between native CD and modified CD.8• 12 Associa
tion constants (K) in hybrid dimerization between .8-CD 
and 6-deoxy-6-(p -hydroxy-m -nitrophenacetyl)thio-j3 -CD 
or 6-deoxy-6-( 4-hydroxy -5-methyl-3-ni trophenacetyl)
thio-j3-CD are 282 and 151 M- 1 respectively, as con
firmed by the finding that above monosubstituted CDs 
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Scheme 1. Equiblium state of intramolecular complex. 
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Figure 5. Dependence of H3 chemical shift on concentration of 
BCD; (0): 1, (0): 2, (X): 3, (6): 5, (\7): 6. 

form higher complexes by intermolecular interaction in 
aqueous solution.8 The modified group at the CD stays 
inside or outside the cavity to maintain equilibrium (K'; 
Scheme 1). If equilibrium leans to the outside type com
plexation, the modified group should be included in 
other CDs to form intramolecular complex. However, in 
previous reports, K' is not mentioned. A native CD (host) 
and modified CD (guest) are assumed to be in equilib
rium with the complex as shown in Scheme 2. 

H3 and H5 protons of glucose composed of a CD ring 
are located inside the cavity. When a guest molecule en
ters a cavity, chemical shifts change to high field. Figure 
5 shows that chemical shifts of H3 protons on the native 
CD ring depend on the concentration of modified CD. In 
the absence ofBCDs, chemical shifts of the H3 protons of 
the .8-CD were observed at 3.840 ppm. When 1 was 
added to CD solution, H3 protons shifted to 3.82 ppm. 
When 2, 3, 4, or 5 were added to .8-CD solution, high
field shift was observed. The solubility of 3, 4, and 5 in 
aqueous solution was too low to achieve saturation. 
When mono-6-deoxy -6-N(N'-formylphenyl-alany l)-amino
j3-CD(7)10a,b,c,d) was added to .8-CD solution, no change 
was observed. BaCD and Bj3CDs act as guest molecules. 
When BCDs were added to a-CD solution instead of .8-
CD solution, no change was observed. 

The observed chemical shift (Oobs) of a proton inside 
the cavity of native CD is a weighted average of that pro
ton chemical shifts in two possible environments, the 
chemical shift without guest( oH) and the chemical shift 
including guest molecules in the cavity(oHG). The de
pendence of change of chemical shift on concentration of 
the guest molecules gives the association constants be
tween CD and guest.13 If initial native CD concentration 
is defined to be H0 and 8 is the difference in chemical 
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fi-CD intermolecular complex 

K' 

intramolecular complex 

Scheme 2. Formation of intra- and intermolecular complex. 

shifts for two conditions (8Ha- 8H), the following equa
tion applies: 

Chemical shift is determined by the extent of complexa
tion. The concentration of the complex may be exactly 
calculated. Combining the above equations gives an ex
act expression for the observed chemical shift as a func
tion of H0, G0, 8, K, and K'. 

l'l8=_§__X[1+Go+ 1 
2 Ho ( 1: K' Ho) 

-1 )-H-o )-2 

By the NMR titration as shown in Scheme 2, the modi
fied association constants (K!K' + 1) between /3-CD or a
CD and 1, 2, 3, 4, 5, 6 or 7 were calculated as shown in 
Table II. Association constants (K) of the complexes 
formed between a-, /3-, and y-CDs and alkyl units of 
water soluble copolymers of acrylamide with meth
acrylates have been reported. 14 The association constant 
between a-, /3-, and y-CDs and tert-butyl group copoly
mers is almost 0, 340, and 57 M-\ respectively. The (K/ 
K' + 1) values between a-CD and 1, or 6 were reason
able. The reason why the total association constants, (K/ 
K' + 1), in Table II are smaller than K previously re
ported may be the conformational effect of CD group and 
existence of intramolecular complex formation (K'). a
CD cannot include the Boc group. Chemical shift due to 
the H5 proton, situated near the narrow side of the cav
ity, slightly changed. Boc groups of 1, 3, 5, and 6 may 
thus be included from the wider rim of the cavity of /3-
CD. 
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Table II. Modified association constants between native CDs 
and modified-CDs 

Native CD Modified CD Aminoacid K/(1+K')/M- 1 

a-CD 
a-CD 
f3-CD 
f3-CD 
/3-CD 
/3-CD 
f3-CD 
/3-CD 
f3-CD 

6 
1 
6 
1 
2 
3 
4 
5 
7 

Gly 
Gly 
Gly 
Gly 
GlyGly 
Phe 
PheGly 
Trp 
Phe 

0 
0 

133±2 
82±1 
4±2 
98±2 
7±1 

98±3 
0 

Supramolecular Formation of "Molecular Blocks" 
The broader resonance of 1, 3, and 5 narrowed and 

water solubilities of 1, 3, and 5 increased in the presence 
of /3-CD. Concentration dependency was observed. Boc 
groups of 1, 3, and 5 are included in other Bf3CD cavity 
like "blocks" in aqueous solution. Boc groups at the 2 
and 4 are included in its cavity and form intramolecular 
complexes similar to 7. 

Chromophores Attached BCDs in Molecular Blocks 
Compounds 3, 4, and 5 have two hydrophobic groups, 

one is Boc group and the other is aromatic group. Mono-
6N( N'-formylphenylalanyl ) amino-6-deoxy-/3-CD ( 7 ) , 
mono-6N-phenylalany lamino-6-deoxy- f3 -CD ( 8), mono-6 
N ( N'-formylphenylalanylglycyl ) amino-6-deoxy-/3-CD 
( 9), mono-6N-phenylalanylglycyl-amino-6-deoxy- f3 -CD 
(10) and mono-6N-tryptophanylamino-6-deoxy-f3-CD 
(11) form strong intramolecular self-inclusion complexes 
in aqueous solution. 10• 11 In the absence of the Boc group, 
the aromatic group interacts to self hydrophobic cavity. 
In the presence of Boc group, the Boc group enters other 
CD cavity to form intermolecular complexes. Compound 
3, 4, and 5 have chromophores which may be included in 
CD cavities as guest groups. The fluorescence intensity 
of a chromophore in the CD cavity is usually stronger 
than that of a free chromophore, because of the hydro-
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Table III. Quantum yields in water 

Compound 

3 
4 
BocPhe 
5 
BocTrp 

Quantum Yield" 

0.04 
0.03 
0.03 
0.23 
0.23 

a Fluorescence spectra snd Adsorption spectra were measured at 
25'C. Excitation wavelength is 260 nm. Quantum yields were cal
culated by integration of area of emission spectra and absorbance 
of modified CD and (-)quinine sulfate dihydrate as standard. 

phobic environment of the cavity. 10 Quantum yields of 3, 
4, and 5 in an aqueous solution are shown in Table III. 
All chromophores attached to CDs were nearby the same 
as without CD. The edge effect,15 which indicates that a 
chromophore stays around the "edge" between hydro
phobic and hydrophilic areas, was not observed at exci
tation wavelengths from 250 nm to 320 nm. Phenyl 
groups of 3, 4, and 5 should be embedded in the hydro
philic environment not in CD cavities. NMR resonances 
of aromatic groups in 3 and 4 are almost the same as 
those of Phe and PheGly. No concentration-dependent 
changes were observed in the resonances of aromatic 
group at the Bf3CD concentration of 3X10-3 M to 4X 
10-5 M at 25-80°C. From these results, aromatic 
groups stay in hydrophilic environment and not in CD 
cavities. 

CONCLUSION 

N' -tert-Butoxycarbonylmonoamino acid-binding f3-
CDs, such as 1, 3, and 5 prefer to form intermolecular 
complexes. The length of an arm between the N' -tert
butoxycarbonyl group and the C6 position on the glucose 
ring was that of -NH-Ca -CO-NH-. Modified CDs hav
ing a longer arm, 2 and 4, form intramolecular rather 
than intermolecular complexes. 1, 3, and 5 form "pseudo 
polymers" with inclusion phenomenon. 

EXPERIMENTAL 

Measurement 
NMR spectra were measured on a JEOL Lambda 500 

spectrometer (500 MHz) in D20 using acetone as inter
nal reference (2.100 ppm) at room temperature ROESY 
spectra were measured with mixing times of 500 ms. 
Modified association constants (K I(K' + 1)) between 
modified CD and /3-CD were estimated NMR titration at 
25°C. Fluorescence spectra were taken on a JASCO FP-
770. 

Preparation of Modified CDs 
BCDs were prepared from 6-amino-6-deoxy-/3-CD and 

N-tert-butoxycarbonylamino acid in DMF with N,N
dicyclohexylcarbodiimide (DCC) as previously reported 
method. 10 

Mono-6 N- (N '-tert-butoxycarbonylglycyl)amino-6-deoxy
/3-CD(l) 

N-tert-butoxycarbonylglycine (175 mg, 1.0 mmol) and 
DCC (206 mg, 1.0 mmol) were dissolved in DMF (1 mL) 
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and stirred 7 min at 2°C. ACD (576 mg, 0.5 mmoL) in 3 
mL of DMF was added to the solution with stirring and 
reacted for 1 hat 2oC and 2 hat room temperature. After 
the usual treatment, reprecipitation to acetone was 
done, giving the crude product. This crude product was 
purified by recrystallization from water, and the product 
was obtained as white powder (471 mg, 73%). Rf, 0.48 
(butanollethanol/H20 = 5/4/3). Elemental analysis, 
(Found: C,42.90; H,6.86; N,2.08. C52H820 37Nz·4Hz0 re
quires C,43.17; H,6.66; N,2.06%).1H NMR(500 MHz, D2 
0, ppm):o 1.40 (s,9H,tert-butyl), 3.25-4.09 (br, 44H, H 
2, H3, H4, H5, and H6 of /3-CD and -CH2- of glycine), 
4.91-5.08 (br, 7H, 0-1H of /3-CD), MS(FAB-) m/Z, 
1290. 

Mono-6N ( N'-tert-butoxycarbonylglycyl) amino-6-deoxy
a-CD(6) 

This compound was synthesized and isolated in the 
same manner as 1 using 6-amino-6-deoxy-a-CD and N
tert-butoxycarbonylglycine. Yield 72%; Rf, 0.54 (butanol/ 
ethanol/H20 = 5/4/3). Elemental analysis, (Found: 
C,43.36; H,6.24; N,l.89. C52H800 37N2·6H20 requires 
C,43.57; H,6.47; N,l.96%). 1H NMR (500 MHz, D20, 
ppm): o 1.33 (s, 9H, tert-butyl), 3.27-3.88 (br, 38H, H2, 
H3, H4, H5, and H6 of a-CD and -CH2- of glycine), 4.92 
-4.93(6H,0-1H of a-CD), MS(FAB-) m/Z, 1128. 

Mono-6N ( N'-tert-butoxycarbonylglycylglycyl) amino-6-
deoxy- f3-CD(2) 

This compound was synthesized and isolated in the 
same manner as 1 using ACD and N-tert
butoxycarbonyglycylglycine. Yield 87%; Rf, 0.36 (bu
tanol/ethanol/H20 = 5/4/3). Elemental analysis, (Found: 
C,43.33; H,6.56; N,3.14. C51H850 38N3·2H20 requires 
C,44.25; H,6.48; N,3.04%). 1H NMR (500 MHz, D20, 
ppm):o 1.45 (s, 9H, tert-butyl), 3.29-3.87 (br, 42H, H2, 
H3, H4, H5, and H6 of /3-CD and 4H-CH2- of glycine), 
4.84-5.00 (7H, 0-1H of /3-CD), MS(FAB-) m/Z, 1347. 

Mono-6N ( N'-tert-butoxycarbonylphenylalanyl) amino-6-
deoxy- f3-CD(3) 

This compound was synthesized and isolated in the 
same manner as 1 using ACD and N-tert
butoxycarbonyphenylalanine. Yield 74%; Rf,56 (butanol/ 
ethanol/H20 = 5/4/3). Elemental analysis, (Found: 
C,46.88; H,6.82; N,l.91. C56H880 37N2 · 3H20 requires 
C,46.86; H,6.60; N,l.95%). 1H NMR (500 MHz, D20, 
ppm): o 1.35 (s, 9H, tert-butyl), 2.73 and 2.89 (br, 2H, 
-CH2- of phenylalanine), 3.36-3.87 (br, 42H, H2, H3, 
H4, H5, and H6 of /3-CD and 1H-CH- of phenylalanine), 
4.88-4.98 (7H, 0-1H of /3-CD), 7.15-7.27 (br, 5H, C6H5 
of phenylalanine), MS(FAB-) m/Z, 1380. 

Mono-6N ( N'-tert-butoxycarbonylphenylalanylglycyl )
amino-6-deoxy- f3-CD(4) 

This compound was synthesized and isolated in the 
same manner as 1 using ACD and N-tert
butoxycarbonyphenylalanylglycine. Yield 58%; Rf, 0.53 
(butanollethanol/H20 = 5/4/3). Elemental analysis, 
(Found: C,45.60; H,6.63; N,2.67. C58H910 38N3·5H20 re
quires C, 45.58; H,6.66; N,2.75%). 1H NMR (500 MHz, D2 
0, ppm): o 1.39 (s, 9H, tert-butyl), 2.84 (t, 2H, -CH2- of 
phenylalanine), 3.28-3.84 (42H, H2, H3, H4, H5, and H 
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6 of /3-CD and 1H-CH- of phenylalanine), 3.99 and 4.07 
(t, 2H, -CH2- of phenylalanine), 4.83-4.99 (7H, 0-1H of 
f3-CD), 7.16-7.31 (br, 5H, C6H5 of phenylalanine), MS 
(FAB-) m/Z, 1437. 

Mono-6N ( N'-tert-butoxycarbonyltryptophanyl) amino-6-
deoxy- f3-CD(5) 

This compound was synthesized and isolated in the 
same manner as 1 using ACD and N-tert
butoxycarbonytryptophane. Yield 68%; Rf, 0.59 (butanol/ 
ethanol/H20 = 5/4/3). Elemental analysis, (Found: 
C,45.60; H,6.63; N,2.67. C58H910 38N3 ·5H20 requires 
C,45.58; H,6.66; N,2.75%). 1H NMR (500 MHz, D20, 
ppm): 8 1.25 (s, 9H, tert-butyl), 2.91 and 3.09 (br, 2H, 
-CH2- of tryptophan), 3.29-3.78 (br, 42H, H2, H3, H4, 
H5, and H6 of /3-CD and 1H-CH- of tryptophan), 4.80-
5.01 (7H, 0-1H of /3-CD), 7.10-7.50 (br, 5H, indolyl 
group oftryptophan), MS(FAB-) m/Z, 1419. 
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