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INTRODUCTION

One of the most significant challenges presently
facing supramolecular chemists is to find ways of
constructing nanometer-scale devices such as
molecular machines and switches from molecular
components. This challenge exists not only for
designing and constructing of working devices. but
also for developing new mechanically interlocked
molecules using a self-assembling approach. One
particularly interesting class of supramolecular
aggregates (mechanically interlocked molecules) is
the so-called pseudorotaxanes.’ These supramolec-
wlar entities are comprised of one (or more) thread-
like component(s) which is (are) encircled by one
(or more) beadlike component(s). They are promis-
ing prototypes for a variety of nano-wired molecu-
lar machines.’ such as switches* and shuttles.” Most
pseudorotaxanes have been prepared by utilizing:
(@) van der Waals interactions® between cyvclodex-
trin derivatives and hvdrophobic guests. (b) metal-
ligand interactions® between metal ions, such as
copper(]), and bipvridine-derived beads/threads. (c)
attraction between n-electron-rich’ macrocyclic hosts

and n -electron-deficient threadlike guests or vice
versa® and (d) association’ between secondary
dialkylammonium ions. such as the linear thread-
like cationic salts. and macrocyclic polyvethers. such
as dibenzo[24]crown-8 (DB24C8) and bis-p-phe-
nvlene[34]crown-10 (BPP34C 10). In the past decade.
Kim ez af. have developed'® simple self-assembling
systenis capable of fomiing pseudorotaxanes, poly-
rotaxanes, molecular necklace, and so on. These
supramolecular systems are based upon non-cova-
lent interactions between diammoniumalkane deriv-
atives as the linear threadlike cationic salts and
cucurbit[6]unl.

Cucurbit[6Juril (CBJ[6]) is a large cage compourxl
composed of six glvcoluril units interconnected via
twelve methvlene bridges with relatively rigid struc-
ture which was prepared nearly 100 vears ago.”
Each of the two carbonyl-fringed portals at the
upper and lower side of the molecule has a diame-
ter of 4 A. The internal cavity has a diameter of ca
5.5 A. while the distance between the portals is 6 A.
The interior of the molecule represents a hydropho-
bic region, whereas the two portals are hydrophilic.
Consequently. the hvdrophobic organic moiety of

-112-



PR AN o143 SR ol e v 113

organic ammonium ions extends into the interior,
and the ionic part coordinates Lo one of the planes
spanned through the negatively polarized carbonyl
groups. 1t is this potential for the formation of the
supramolecular host-guest complexes which make
this molecule interesting. A series of alkylammo-
nium and alkyldiammonium ions formed host-guest
complexes with CB[6] which was observed and ana-
[yzed by NMR spectroscopy.'* Although CB[6] has
now been demonstrated to have the ability to form
host-guest complexes with primary and secondary
alkyldiammonium salts, there have been relatively
few studies with tertiary alkylammonium salts. > '
We were thus intrigued to find out whether the ter-
tiaty alkylammonium salts, such as aminoalkylimi-
nodiacetic acid salts as ligands, could be threaded
with CB[6] to form pseudorotaxanes. Here, we
report that pseudorotaxane complexes between the
tertiary alkylammonium salts and CB[6] are indeed
capable of being formed and characterized.

RESULTS AND DISCUSSION

Our interesting ligand structures are aminoalkylimino-
diacctic acids I which their syntheses are outlined in
Scheme |. Chz-protectedaminoalky! amines 1 were
dialkylated with methyl bromoacetate Lo allord the
tertiary amines 2 in excellent yields. Both Cbz
group deprotection and ester group hydrolysis could
be camied out simultaneously using HBr-H,O to
afford ammoniumalkyliminodiacetic acids 1 in
94--95 % vields.

o
OCH3
N OCHg
CbZNH/\éa;\/NHz CbZNH/\(\a/n\/ \__.<
2 ¢]
1 a: n=1, 98%, b: n=2, 98%, ¢: n=3, 99%
o
OH
b + NH OH
— KN
n
2Br o

I
a: n=1, 94%, h: n=2, 95%, c: n=3. 84%

Schemre 1. Synthesis of iminoacetic acids 1. Reagents and
conditions: (a) Mcthyl bromoacetate (2.2 eg.). DIEA, CHLON,
. 20 h: (b} 1Br-1L,0. 80°C. 5 h.
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Scheme 2. Synthesis of CB|6]-pseudorotaxanes 1.

Keeping in mind the host-guest chemistry with
CBJ[6] and ammonium salts. we have tried to thread
CB[6] with ammoniumalkyliminodiacetic acids |
(Scheme 2). Ammoniumbutyliminodiacetic acid salt
la (»—1: 4 mcthylene units between ammonium
salls) and CB[6] in H.O did not {orm the expected
CBJ6]-threaded complex. However. slight interaction
between CB[6] and ammoenium salt could be
observed. This result is in contrast to the primary
and secondary diammoniumalkyl salts having 4
methylene units between moiety which readily
forms a CB[6]-threaded complex."” The diacetic
acid in la might experience both steric hindrance
and repulsion with carbonyl groups of CB|6] and dis-
allow threading CB|6] with ligand la. Besides, this
will make the 4 methylene units in ligand la nor
long cnough Lo coordinate a CB[6] molecule. On
the other hand, ammoniumpentyliminodiacetic acid
salt Ib (»—2: 5 methylene units between ammo-
nium salts) and ammoniumhexyliminodiacetic acid
salt e (n=3; 6 methylene units between ammo-
nium salts) formed CB[6]-threaded complexes 1lb
and llc, respectively. in quantitative vields. These
CB[6]-threaded complexes were isolable and char-
acterized by 'H-NMR and ESI-mass spectroscopy.

[n the 'II-NMR spectrum, CB|6] positions in
CB|6]-threaded complexes Ilb and Ilc can be dis-
tinguish {rom other peaks. 1n other words, the loca-
tion of CB[6] leans Lo the primary ammonium salt
in complexes b and He. As shown in Fig. [, the
'H-NMR shift of complex [Ib exhibits five CH,
peaks of which four methylene groups (a, b, ¢, and
d in complex 1b) showing upfield shifts while one
(¢ in complex 1lb) showing a downfield shift."”
These observations can be attributed as follows.
First of all, the methylene unit « which is adjacent
to primary ammonium group is included in the cav-
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Fig. 1. Chemical shift of methylene peaks in 'I1-NMR (in .0 ligands Ib and le and complexes [1b and Ile.

ity of CB[6]. The methylene unit ¢ is outside the
cavity due to steric hindrance offered by the substit-
uents attached to the tertiary ammonium nitrogen
adjacent to ¢. Secondly, the methvlene units » and ¢
in complex [Ib stay at different shielding zones
within CBJ[6]: the unit 4 is located at strong shield-
ing zone due to strong interaction of the primary
ammonium salt and the unit ¢« is located at weak
shiclding zone resulting [rom weak interaction of
the tettiaty ammonium salt. The methylene unit ¢,
however, remains at strong shielding zone. The 'H-
NMR spectrum of complex He exhibits six CH,
peaks where five methylene groups (g, b, ¢. d.and ¢
in complex [Ic) show upfield shifts and one meth-
ylene group ( f'in complex [le) shows a downfield
shift (Figure 1). The location of CB[6] in com-
plexes Ile leans to the primary ammonium salt as in
case of complexes Ilb. The chemical environment
of methylene units @ 4, ¢, and f in complexes Ile
correspond similar to that of methylene units ¢ 6,
and e in complex Ilb, respectively, even though they
show different magnitude of chemical shifts due to
different alkane chain lengths, We can assume that
complex 1lb is stronger compared to complex lle
considering the lengths of methylene chain and the
different strengths of interactions of the tertiary
ammonium part. For ligand substrates 1, pentyldiammo-
nium salt Ib forms the most stable complex b (five

methylene units) and the order of affinities for
CB[6] follows the trend; wmumber of methyiene
unit — 4 <6< 5. The plausible explanation is that
the pentyl substituent optimally fills the cavity, the
butyl chain is short to form a stable complex, while
the hexyl substituent is obliged to protrude into the
second occlus of CBJ|6].

[n summary, we have demonstraied the host-
guest chemistty using tertiary ammonium salts such
as aminoalkyliminodiacctic acids as ligands with
cucurbit[6]uril. From the formation of pseudorotax-
ane complex between aminoalkyliminodiacetic acids
salt and CB[6], it was proven that five methylenes
unit is best to form stable complex but four methy|-
enes unit is short to form complex 11, and the loca-
tion of CB[6] leans to the primary ammonium salt
in complexes I1.

EXPERIMENTAL SECTION

General Methods. Matcrials were obtained from
commercial supplier and used without further puri-
fication. Thin-layer chromatography (T1.C) was
carried out on glass coated with silica-gel 60
(Merck 5554). Column chromatography was per-
formed on silica-gel 60 (Merck 9385, 230-400 mesh).
Electrospray ionization (ESI) mass spectra were
measured on a VG Prospec mass spectrometer. '11-
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NMR spectra were recorded on a Bruker AC300
(300 MHz) or a Bruker AMX300 (500 MHz) spec-
trometer using deturiated solvent. *C-NMR spec-
tra were recorded on a Bruker AC300 (75 MHz)
spectrometer. All chemical shifts are quoted on the
d scale, and all coupling constants are expressed in
Henz (Hz).

General Procedure for dialkylation of primary
amine, To a solution of primary amine (4 mmol)
and diisopropylethylamine (8.1 mmol) in CH,CN
(40 mL) was added methyl bromoacetate (8.8
mmol) under ice bath and then the resulting solu-
tion was stirred for 20 h at room temperature. The
reaction solution was concentrated and dissolved
with methvlene chloride (80 mL). The resulting
solution was washed with NaHCO, aqueous solu-
tion, dried. and evaporated to give crude which was
purified by colummn chromatography using EtOAc/
s-hexane systemn as an eluent.

N-Cbz-aminobutyliminodiacetic ester 2a. Amine
1a gave 2a (98 %) 'H NMR (CDCl) § 151 (m.
4H). 2.70 (t. J=6.8 Hz. 2H). 3.19 (distorted t. 2H).
3.52 (s. 4H). 368 (s. 6H). 4.91 (br s. 1H). 5.08 (s.
2H). 7.32 (m. 5H).

N-Chz-aminopentyliminodiacetic ester 2b. Amirne
1b gave 2b (98 %): 'H NMR (CDCl,) & 1.32 (i,
2H). 148 (m, 4H), 2.68 (t. J=7.2Hz. 2H). 3.18
(distorted t, 2H). 3.33 (s, 4H). 3.69 (s, 6H). 4.92 (br
s, 1H). 5.08 (s, 2H). 7.34 (m, 3H), *C NMR
(CDCly) & 24.5. 27.8, 30.1, 41.3, 51.9. 534.5. 55.2,
669 1284, 1289 137.1. 1568, 172.1.

N-Cbz-aminohexyliminodiacetic ester 2¢. Amine
1c gave 2¢ (99%): 'H NMR (CDCL) & L.31 (m.
4H). 147 (m. 4H). 2.67 (t. J=72Hz 2H). 3.18
(distorted t. 2H). 3.53 (s. 4H). 3.70 (s. 6H). 4.90 (br
s, 1H). 3.08 (5. 2H). 7.33 (m, 3H). “C NMR
(CDCly) & 26.8. 27.0, 28.1, 30.2, 41.3. 51.9. 54.5,
352,669, 1284, 128.5, 128.9, 137.1. 156.8. 172.1.

General Procedure for the preparation of sub-
stituted-iminodiacetic acids by Chz deprotec-
tion and simultaneous hydrolysis. A solution of
Cbz-protected aminoester (I mmol) in HBr-H.O
(L0 mL) was stirred for 5 h at 80 "C. The resulting
solution was concentrated and solidified from EtOAc
which the generated solid was filtered to collect and
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washed with ether extensively.

Aminobutyliminodiacetic acid Ia. Compound
2a gave Ia (94 %) '"H NMR (D.0O) 8 1.72 (m. 2H).
184 (. 2H), 3.03 , J=75Hz 2H). 341 , J]=77Hz
2H). 4.19 (s. 4H);. “C NMR (D.0) & 21.2, 24.1,
39.1, 535.5. 56.3. 168.9.

Aminopentyliminodiacetic acid Ih. Compound
2b gave Ih (95 %): '"H NMR (D,O) § 1.42 (m, 2H).
1.69 (. 2H). 1.79 (m. 2H). 2.98 (1. J = 7.4 Hz. 2H).
3.37 (. J=82Hz 2H). 4.20 (s. 4H). *C NMR (D.0O)
8230, 23.4.26.5.39.5. 552, 56.8. 163 8.

Aminohexyliminodiacetic acid Ic. Compound
2¢ gave Ic (94 %): 'H NMR (D.0) 8 1.40 (m, 4H),
1.65 (m, 2H), 1.75 (m. 2H). 2.97 (t. ] = 7.5 Hz, 2H),
3.35(t. J=8.3 Hz. 2H). 4.18 (s, 4H); °C NMR (D.0)
8 23.5.254.26.8,39.7, 55.2. 570, 168.9.

General Procedure for the Preparation of CB-
threaded Complexes. To a solution of polyamine
ligand (0.3 mumol) in 30 mL of H.O was added
cucubit[6]uril (0.4 mmol) in a small portions and
stirred for 2~3 h at room temperanire. Excess cucur-
bit[6]urll was filtered out to provide clear solution
which was evaporated to leave ca. 1 mL. 30 mL of
EtOH was added to the resulting solution to make
the precipitate which was isolated by the filteration
to afford the desired CB-threaded complex quanti-
tatively.

CB-threaded complex IIb. Ligand Ib gave IIb:
'H NMR (D.0) § 0.35 (m, 2H), 0.62 (m. 2H), 0.90
(m.2H), 222 (t. J=9.0Hz 2H). 343 (t. ]=835 Hz,
2H). 433 (d. J=85Hz 6H). 438 (d. J=86Hz 6H).
480 (&d. J=259Hz and 17.7Hz. 4H). 561 (s. 12H).
575(d J=158Hz 6H). 581 (d. J= |56 Hz. 6H): ESI-
MS: m/z 608.3 ([M + 2H]*). 1215.5 (M + H]").

CB-threaded complex Ilc. Ligand Ic gave Ic:
'H NMR (D,0) § 0.41 (m, 4H), 0.65 (m. 2H), 0.17
(m. 2H). 2.65 (m, 2H), 348 (t, ] = 8.1 Hz. 2H), 430
(d. I=9.1Hz, 6H), 4.35 (d. ]=9.2 Hz, 6H), 4.61
(dd. J=253Hz and 17.6 Hz. 4H), 5.58 (s. 12H), 3.76
(d. J=15.1Hz, 6H), 5.81 (d. ] = 14.9 Hz, 6H). ESI-
MS: vz 615.3 (M + 2H]*), 626.2 (M +H + Na]*"),
1229.4 (M +H]").
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