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Novel cyclodextrin rotaxanes with oligothiophene as an axis molecule have been prepared by the Suzuki
coupling reaction of 83-(4-iodophenyl)8-CD (6-1-Ph{#5-CD) with di(1,3,2-dioxaborolan-2-yl)-oligo-
thiophene (oligothiophene diboric ethylene glycol esters) in aqueous solutions of diffiethgliedextrin
(DM-5-CD). These reactions gave [2]rotaxanes and [3]rotaxanes, which were isolated by reversed phase
chromatography. The fluorescence intensities of rotaxanes are higher than those of dumbbell-shaped
molecules (without DM3-CD) in aqueous solutions. The inclusion ratio and chain length of rotaxanes
have been found to relate to the emission properties and emission intensities of oligothiophene. In aqueous
solutions, fluorescence quantum yields of rotaxanes are higher than those of dumbbell-shaped molecules.
The increase in the fluorescence efficiency of rotaxane is caused by suppression of intermolecular
interactions, indicating the effect of insulated oligothiophene with PA@D. 5-CD at the both ends of
rotaxanes functions not only as bulky stoppers but also as the recognition site for guest molecules, as

verified by fluorescence quenching experiments.

Introduction

Poly(thiophene)s (PTs) and oligo(thiophene)s have attracted
widespread interest due to their applications as single-molecule
electronics devices and light-emitting diodeshereas mechani-
cally interlocked molecules, rotaxanes and catenanes, are
expected to become the prototype for the design and construction

of controllable molecular switches and actuatoPreviously,

ping ends of CDspolymer complex with covalently bound
stoppers. Recently, conjugated poly(rotaxane)s, in which the
conjugated polymer backbone is covered at the molecular level
by wrapping macrocyclic molecules, such as cyclophdnes,
CDs?® and zeolited,have been studied as insulated molecular
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wires by many research groups. We also reported the formationDMF. These rotaxanes and dumbbell-shaped molecules were

and crystal structure of th&cyclodextrin (3-CD)—bithiophene
inclusion complex and polymerization of the corresponding
inclusion complexes in a selective way to gipseudepoly-
(rotaxane)$.Although a few poly(rotaxane)s containingcon-

purified by preparative reversed phase chromatography.
NMR Studies of Rotaxanes with Oligothiophene Figure

1 shows théH NMR spectra of 2T-dumbbell, 2T-[2]rotaxane,

3T-dumbbell, and 3T-[2]rotaxane in DMS@: The aromatic

jugated polymer have been reported, discussion on the use Ofyrotons of dumbbell-shaped molecules showed simple peaks,

monodisperse poly(rotaxane)s has not been reportetiiete
we prepare 2,6-dimethyi-cyclodextrin (DM#-CD)-based poly-

indicating formation of symmetric structure. However, the
aromatic protons of [2]rotaxanes showed splitting and peak

(rotaxane)s using oligothiophene as an axis molecule andsghifts, caused by the asymmetric structure included in the DM-

isolated rotaxanes having various contents of pNtD and
oligothiophene. These poly(rotaxane)s ha8#<£D as bulky

B-CD cavity. The ROESY NMR spectra of rotaxanes showed
that the peaks of thienylene protons correlated with the inner

stoppers at the end of oligothiophene axis molecules to preventprotons (C(3H and C(5)H) of DM-B-CD in DMSO-g

DM-f-CD from slipping off the axis molecules. We investigated

(Figures 2 and S12)pseudeRotaxane did not show any

chain lengths and CD coverages.

Results and Discussion

Preparation of Rotaxanes with OligothiophenesBithio-

of axis molecules because of dethreading in DM&OThese
results show formation of [2]rotaxane with interlocked OiM-
CD. The aromatic protons of [3]rotaxanes, 4T-[3]rotaxane and
6T-[3]rotaxane (Figure le and f), gave more complicated peaks
which can be ascribed to the inclusion complex of two DM-

phene-[2]rotaxane (2T-[2]rotaxane) and terthiophene-[2]rotaxane 3 cps with an axis molecule. These [3]rotaxanes have three
(3T-[2]rotaxane) were prepared by the Suzuki coupling reaction jsomers which have different direction of threading MEDs

of 6-O-(4-iodophenyl)8-CD (6-I-Ph$-CD) with di(1,3,2-di-
oxaborolan-2-yl)-oligothiophen@ligothiophene diboric ethyl-
ene glycol esters) in an aqueous solution of [BMCD (Scheme

1). The crude product was found to contain dumbbell-shaped

molecules, [2]rotaxanes, and [3]rotaxanes by MALDI-TOF

mass spectroscopy. 4T-[3]Rotaxane and 6T-[3]rotaxane were

produced at the same time during the preparation of 2T-[2]-

rotaxane and 3T-[2]rotaxane, respectively. Dumbbell-shaped

molecules, 2T-dumbbell and 3T-dumbbell, were prepared in
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or head-to-head, head-to-tail, and tail-to-tail fashioned isomers.

Absorption and Fluorescence Properties of Dumbbell-
Shaped Molecules and RotaxanedS he absorption and fluo-
rescence spectra of dumbbell-shaped molecules and rotaxanes
were measured in aqueous solutions aulb(Figure 3). The
absorption spectra of [2]rotaxanes showed higher absorption than
those of dumbbell-shaped molecules. The fluorescence intensi-
ties of [2]rotaxanes in aqueous solutions are stronger than those
of dumbbell-shaped molecules. The intensities of [2]rotaxane
and dumbbell-shaped molecule of 3T as an axis molecule
showed greater difference than that of 2T. The fluorescence
intensities of dumbbell-shaped molecules and [2]rotaxanes were
comparable in methanol (Figure S13). It was suggested that in
comparison to dumbbell-shaped molecules, the greater absorp-
tion and fluorescence intensities of rotaxanes in aqueous
solutions were due to suppression of the intermolecular interac-
tions of oligothiophenes by insulation of oligothiophene with
DM-B-CD.

Figure 4 shows the absorption and fluorescence spectra of
rotaxanes with various lengths of thiophenes. The absorption
maximum wavelengthi{may and fluorescence maximum wave-
length shifted to a longer wavelength with an increase in the
conjugation lengthAmax = 378 (2T), 407 (3T), 438 (4T), and
449 nm (6T); fluorescence maxina423 (2T), 481 (3T), 500
(4T), and 539 nm (6T)). Table 1 shows the quantum yields of
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FIGURE 1. H NMR spectra of (a) 2T-dumbbell, (b) 2T-[2]rotaxane, (c) 3T-dumbbell, (d) 3T-[2]rotaxane, (e) 4T-[3]rotaxane, and (f) 6T-[3]-
rotaxane in DMSGQds at 30°C.
rotaxanes and dumbbell-shaped molecules in aqueous solutions
calculated using 0.1 N ¥$0;, solution of quinine sulfate as a
standard? The inclusion ratios of DVM3-CD were calculated
from the space-filling models. The quantum yields of rotaxanes
increased with an increase in the inclusion ratio of [BNGD.
The absorption and fluorescence spectra of phenyl end-cappec c1 c2 dz eids
B-nonsubstituted oligothiophene (T, 2T, 3T, 41{jin CH,Cl,)
are similar in shape to the spectra of the series of rotaxanes in 77 78 7E T 75 72 T e
aqueous solutions. The spectrum of phenyl end-capped 6T couldospe of cD “ ;
not be measured because of the poor solubility of this 0 @[[\" 0
compound-? Cyclophane end-capped Flwas reported as the
only example of spectroscopic measurement of phenyl end- H2©
cappedf-nonsubstituted 6T derivative. 6T-[3]Rotaxane was
dissolved in an aqueous solution as well as in an organic solvent i
like methanol. It was the first example of a water-soluble long osume of cD
oligothiophene rotaxane. Lo
Fluorescence Quenching Using TNBSThe recognition 0
ability of 5-CD in the rotaxanes was investigated by fluorescence

epa1a2
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FIGURE 3. Absorption (a) and fluorescence (b) spectra of dumbbell-shaped molecules and rotaxangMiadieous solutionig, = 378 nm
for 2T and 407 nm for 3T).
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FIGURE 4. Absorption (a) and fluorescence (b) spectra of rotaxanes with various conjugation lehgiss 878 nm for 2T, 407 nm for 3T, 438
nm for 4T, 449 nm for 6T).

TABLE 1. Quantum Yields of Rotaxanes and Dumbbell-Shaped Molecules and Inclusion Ratio of Rotaxanes

2T-[2]rotaxane 3T-[2]rotaxane 4T-[3]rotaxane 6T-[3]rotaxane 2T-dumbbell 3T-dumbbell
D 0.21 0.15 0.24 0.17 0.15 0.06
inclusion ratio/o8 63 50 83 61

a Calculated using 0.1 N ¥8Q, solution of quinine sulfate as a standat€alculated from 3D models.

guenching measurements. We chose 2,4,6-trinitrobenzene sul-
fonic acid sodium salt (TNBS Na) as a quencher because TNBS
Na could be included in the-CD cavity* TheH NMR spectra

of the mixture of rotaxane and TNBS Na showed that the
aromatic protons of TNBS Na shifted upfield, indicating
formation of the inclusion complex betwe@rCD and TNBS

Na (Figure S14). Figure 5 shows the Stekfolmer plots for

the fluorescence quenching of 2T-[2]rotaxane with TNBS Na.
Fluorescence intensity dependence on quencher concentration
is given by the SternVolmer equation (eq 1)

I/l =1+ k[Q] 1)

where [Q] is the quencher concentratidg, and | are the 0 10 TNzé’SN ?0 40 50
fluorescence intensities in the absence and presence of a aleq.
qguencher, respectively, ang, is the Sterr-Volmer constant.

1 1 1 1 1

FIGURE 5. Stern-Volmer plots for the fluorescence quenching of
(14) Miyauchi, M.; Hoshino, T.; Yamaguchi, H.; Kamitori, S.; Harada, 2T-[2]rotaxane with TNBS Na in the absence of AdCH)(and
A. J. Am. Chem. So@005 127, 2034-2035. presence of excess (50 equiv) AAC®)((in H20, 15uM).
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Upon addition of TNBS Na to the solution of 2T-[2]rotaxane, IH NMR (500 MHz, in DMSO#ég, 30°C) 6 7.55 (d, 2H, GH of
fluorescence intensities decreased with an increase in thePh,J= 9.0 Hz), 6.79 (d, 2H, €H of Ph,J = 9.0 Hz), 5.76-5.62
concentration of TNBS Na. When 50 equiv of adamantane (M. 14H, QH of 5-CD), 4.87 (d, 1H, phenyl-substituted i of
carboxylic acid (AdCA) pe-CD moiety, which is strongly ~ 9lucopyranose] = 3.2 Hz), 4.78-4.75 (m, 6H, GH of 5-CD),
bound to theS-CD cavity!®> was added to the solution of 4.45-4.34 (m, 5H, QH of 4-CD), 4.32-3.90 (m, 4H, phenyl-

) . substituted @45 of glucopyranose), 3.743.47 (m, G454 of
rotaxanes with TNBS Na, the fluorescence quenching of the B-CD). 3C NMR (125 MHz, in DMSO#, 30 °C) 6 158.4 C1 of

mixture of 2T-[2]rotaxane, TNBS Na, and AJCA was sup- Ph), 137.8 C, of Ph), 117.4 C; of Ph), 102.0 C, of 4-CD), 83.1
pressed as compared with that of the mixture of 2T-[2]rotaxane (c, of Ph), 81.6 C4 of 3-CD), 73.1 Cs of 8-CD), 72.5 C, of
and TNBS Na. Suppression of the fluorescence quenching ing-cp), 72.0 s of 5-CD), 60.0 C; of 4-CD). MALDI-TOF MS
the mixture of 2T-[2]rotaxane, TNBS Na, and AdCA is caused (matrix: DHBA) [M + K]+ = 1376.0 (calcd 1376.1). Anal. Calcd
by formation of the inclusion complex betwe¢hCD and for (CagH7303sl)(H20)s: C, 41.45; H, 5.72. Found: C, 41.37; H,
AdCA. 5.64.

Preparation of 5,5-Di-(1,3,2-dioxaborolan-2-yl)-2,2-bithiophene
. (2T Diboric Ethylene Glycol Ester)® (eq 3). At —78 °C,
Conclusion

A series of novel DMB-CD-oligothiophene-based rotaxanes R ""?’”"i
2) (Oi-Pr)3B

has been prepared by the palladium-catalyzed coupling reaction. ¢ I\ 3)Hol HO_ s\ OH ethyleneglycol
[2]Rotaxanes and [3]rotaxanes which have various chain Iengths@"@ e

and inclusion ratios of DNM3-CD were isolated from the crude
products using preparative reversed phase chromatography. [O\B {7__@_8,0] @)
Their photochemical properties have been investigated by UV g W/ s o

vis and fluorescence measurements. The inclusion ratio and

chain length of rotaxanes have been found to relate to the n-butyllithium (n-hexane solution, 20.4 mL, 49.9 mmol) was added
emission properties and emission intensities of oligothiophene. dropwise to 2,2bithiophene (3.62 g, 21.8 mmol) in 50 mL of THF.
In aqueous solutions, fluorescence quantum yields of rotaxanesThe reaction mixture was stirredrf@ h at—78 °C and allowed to
were higher than those of dumbbell-shaped molecules. Thestir for 2 h atroom temperature. After the prescribed time,Qri-
increase in the fluorescence efficiency of rotaxane is caused byiSOPropyl borate (20.5 g, 109 mmol) in 20 mL of THF was added
suppression of intermolecular interactions, indicating the effect 1©_the reaction mixture quickly via cannula and stirred foh at

of insulated oligothiophene with DM-CD. We studied the —78 °C. After additional stirring for 12 h, the reaction mixture

. : was neutralized with 150 mLf@ N HCI. After separation of the
ability of A-CD stoppers of the rotaxanes with TNBS Na to agueous phase, the aqueous phase was washed twice with diethyl

form inclusion complexes by the fluorescence quenching giher The combined organic phase was evaporated and dissolved
experiment. Quenching by the inclusion complex formation of i 100 mL of toluene. Ethylene glycol (20 mL) was added to the
2T-[2]rotaxane with TNBS Na was observed. Now, we are solution, and the mixture was stirred overnight af80The organic
investigating the preparation of supramolecular polymers using phase was evaporated, and the residue was recrystallized with hot
the CD-oligothiophene rotaxanes as ditopic host molecules. Thetoluene to give 2T diboric ethylene glycol ester as green crystalline
supramolecular polymers will cause an increase in the conjuga-solid in a yield of 53.0% (3.60 g).

tion length. Application of the supramolecular polymers as  H NMR (500 M Hz, in CDC}, 30°C) 6 7.53 (d, 2H, G4H, J

i = 3.6 Hz), 7.53 (d, 2H, §5H, J = 3.6 Hz), 4.37 (5, 8Hs-CH,—).
extended molecular wires is expected. MALDI-TOF MS (nonmatrix) [M + H]* = 306.9 (calcd 307.0).

) ) Anal. Calcd for GoH1:B-04S,: C, 47.10; H, 3.95. Found: C, 47.29;
Experimental Section H, 3.85.
. . Preparation of 5,5'-Di-(1,3,2-dioxaborolan-2-yl)-2,2-5,2'-
Preparation of 6-O-(4-lodophenyl);3-cyclodextrin (eq 2). A terthiophene (3T Diboric Ethylene Glycol Ester) (eq 4).3T
1) n-BuLi

Q
. il " . .
2 7 ) v~ ) = v . ) S VORI wo s s om
A 3 \ /) 5 \ / 3)HCI B W () B, ethylene glycol
\7\ -nf'Yt’ K:CO: / DMF ‘n" -{‘r:s' @ THF HO S OH toluene / reflux

6-O-Toluenesulfonyl-B-CD 6-0-(4-lodophenyl)--CD [O‘B WB})] @
SN W8,

solution of potassium carbonate (10.0 g, 72.4 mmol) and 4-io- . . o
dophenol (10.0 g, 45.5 mmol) in 40 mL of DMF was stirred at d|b0(0|c e_thylene glycol ester was prepared in a manner similar to
room temperature. After 2 h, 6-toluenesulfony|3-CD (9.77 g, 2T diboroic ethylene gI_yc_oI ester using 2&2’-t_erth|ophene (2.00
7.89 mmol) in 40 mL of DMF was added to the reaction mixture 9. 8.05 mmol),n-butyllithium (n-hexane solution, 7.56 mL, 18.4
and stirred for 24 h at 88C. After the prescribed time, the reaction Mmol), tri-O-isopropyl borate (7.57 g, 40.3 mmol), and ethylene
mixture was neutralized by 250 mlf @ N HCI. Ethyl acetate (250  9lycol (25 mL). 3T diboric ethylene glycol ester was obtained as
mL) was added to the reaction mixture. White powder was collected @ Yellowish green crystalline solid in a yield of 34.0% (1.06 g).
by filtration. The crude product was recrystallized with hot water MP 190-191°C. )

to give 6:0-(4-iodophenyl)s-cyclodextrin in a yield of 44.9% (4.59 'H NMR (500 MHz, in CDC}, 30°C) 6 7.53 (d, 2H, G#H, J

THE HO’B \ / S B\OH toluene / reflux

9). = 3.6 Hz), 7.53 (d, 2H, €zH, J = 3.6 Hz), 7.15 (s, 2H, &€4H),
4.35 (s, 8H,—CH,—). MALDI-TOF MS (nonmatrix) [M+ H]* =
390.0 (calcd 389.0). Anal. Calcd for;§1,4B,0,S;: C, 49.52; H,
(15) (a) Zhang, B.; Breslow, Rl. Am. Chem. S0d.993 115, 9353~ 3.64. Found: C. 49.40: H. 3.52
9354. (b) Weickenmeter, M.; Wenz, Glacromol. Rapid Commuri996 U NP
17, 731-736. Preparation of DumbbeII-Shape'd Molecules (eq 5). (a) 2T-
(16) Oliga, T.; Destri, S.; Porzio, Wacromol. Chem. Phy4997, 198 Dumbbell Molgcule (n = 0). Palladium acetate (8.40 mg, 0.0374
1091-1107. mmol), potassium carbonate (138 mg, 1.12 mmol), ar@o-@-

J. Org. ChemVol. 72, No. 2, 2007 463



JOC Article
Saviio g

o—@—l n=0,1
F
2 %’. ’:“ Pd(OAc): / K:COs
A
P DMF
6-I-Ph-p-CD

2T-dumbbell (n=0)
3T-dumbbell (n=1)

iodophenyl)g-cyclodextrin (500 mg, 0.374 mmol) dissolved in 20
mL of DMF were stirred for 2 h. 2T diboric ethylene glycol ester
(57.2 mg, 0.187 mmol) in 10 mL of DMF was added dropwise to
the reaction mixture and stirred for 24 h at 8C. After
neutralization iy 1 N HCI, the reaction mixture was centrifuged

Sakamoto et al.

7.1 Hz), 5.68 (m, 28H, @:H of 5-CD), 4.92 (d, 7H, GH of DM-
p-CD,J=2.1Hz), 4.88 (s, 7H, ¢H of DM-$-CD), 4.82 (d, 14H,
CiH of 3-CD, J = 3.0 Hz), 4.42 (m, 14H, ¢H of 5-CD), 4.42-
4.13 (m, 8H, G 456H of 5-CD), 3.96 (bs, 2H, gH of 5-CD),
3.8-3.5 (M, G 45 of CDs), 3.47 (s, 21H, e of DM--CD),
3.15 (s, 21H, @Me of DM-3-CD). 13C NMR (125 MHz, in DMSO-
ds, 30°C) 6 158.5 p-phenyl carbon next to thienylene ring at CD
second rim), 158.3ptphenyl carbon next to thienylene ring at CD
first rim), 142.6 Cs of thienylene at CD first rim), 141.80s of
thienylene at CD second rim), 134 ©,(of thienylene at CD second
rim), 134.5 C, of thienylene at CD first rim), 126.60{phenyl
carbon thienylene side at CD second rim), 12&-pljenyl carbon
thienylene side at CD first rim), 126.@-phenyl carbon next to
ether bond), 123.9G; of thienylene at CD first rim), 123.83z of
thienylene at CD second rim), 122.6,(of thienylene at CD first
rim), 122.4 C, of thienylene at CD second rim), 115.tphenyl
carbon ether bond side at CD first rim), 115r@-¢henyl carbon
ether bond side at CD second rim), 102C3 (f 5-CD), 101.9 C,

(3500 rpm, 10 min) and the supernatant evaporated to give the crudeof 5-CD), 100.0 C; of DM-5-CD), 82.6 C4 of DM-$-CD), 81.9

product. The crude product was purified by HPLC (eluent; water:
acetonitrile) to give 2T-dumbbell molecule in a yield of 10.6% (51.6
mg).

1H NMR (500 MHz, 30°C, in DMSO-dg) 6 7.56 (d, 4H, Ph on
thienylene side) = 8.5 Hz), 7.35 (d, 2H, ¢H of thienylene J =
3.8 Hz), 7.27 (d, 2H, ¢H of thienylene J = 3.7 Hz), 7.00 (d, 4H,
Ph on ether side] = 9.0 Hz), 5.78-5.60 (m, 28H, @Q3H of 3-CD),
4.96-4.82 (m, 14H, GH of 5-CD), 4.50-3.90 (m, 6H, phenyl
substituted glucopyranose @fCD), 3.75-3.50 (m, G454 of
B-CD). MALDI-TOF MS (matrix: DHBA) [M + K]* = 2625.6
(calcd 2623.8). Anal. Calcd for (GH15007032)(H20)s: C, 42.95;
H, 6.45. Found: C, 42.92; H, 6.27.

(b) 3T-Dumbbell Molecule (h = 1). 3T-Dumbbell molecule was

(C4 of 5-CD), 81.7 C, of 5-CD), 73.0 Cs of DM-f-CD), 72.7
(Cs of 5-CD), 72.4 C, of 5-CD), 72.0 Cs of 5-CD), 70.5 Cs of
DM-p3-CD), 69.9 Cs of DM-$-CD), 69.7 Cs of 3-CD), 59.9 Cs
of 3-CD), 59.6 (QMe of DM-3-CD), 58.0 (@QMe of DM-{5-CD).
MALDI-TOF MS (matrix: DHBA) [M + Na]™ = 3954.8 (calcd
3955.2). Anal. Calcd for (€@oH24¢401055,)(H20)19: C, 45.13; H,
6.77. Found: C, 45.04; H, 6.70. UWis: Amax = 378 nm.

(b) 4T-[3]Rotaxane.H NMR (500 MHz, in DMSO#g, 30°C)
0 7.55 (m, 4H, phenyl proton next to thienylene ring), #7100
(m, 12H, thienylene proton and phenyl proton next to ether bond),
5.77 (m, 28H, Q4H of 5-CD), 4.96 (m, 14H, ¢H of DM-3-CD),
4.93 (s, 14H, GH of DM-$-CD), 4.82 (bs, 14H, ¢ of 5-CD),
4.41 (m, 14H, @H of $-CD), 4.32-4.10 (m, 8H, G 45¢H Of

prepared in the a manner similar to 2T-dumbbell molecules using -CD), 3.99 (bs, 2H, gH of -CD), 3.8-3.5 (m, G 4,5 of CDs),

3T diboric ethylene glycol ester (72.5 mg, 0.187 mmol), after
purification by HPLC (eluent; water:acetonitrile) to give 3T-
dumbbell molecule in a yield of 20.1% (100.2 mg).

H NMR (500 MHz, in DMSQO#ds30 °C) 6 7.57 (d, 4H, Ph on
thienylene sideJ = 8.6 Hz), 7.37 (d, 2H, €+ H of thienylene,d
= 3.9 Hz), 7.31 (d, 2H, &3H of thienylene J = 3.7 Hz), 7.28 (s,
2H, Gz 4H of thienylene), 7.00 (d, 4H, Ph on ether side= 9.0
Hz), 5.74-5.63 (m, 28H, @QH of 5-CD), 4.92-4.79 (m, 14H,
C;H of 8-CD), 4.46-3.94 (m, 6H, phenyl substituted glucopyranose
unit of 5-CD), 3.78-3.52 (m, G 45 of -CD). MALDI-TOF MS
(matrix: DHBA) [M + Na]t = 2688.5 (calcd 2689.5). Anal. Calcd
for (CiogH15070S3)(H20)16: C, 43.90; H, 6.28. Found: C, 43.83;
H, 6.06.

Preparation of 2T-[2]Rotaxane and 4T-[3]Rotaxane.Pal-

3.48 (s, 42H, @Me of DM-$-CD), 3.13 (m, 42H, @Me of DM-
B-CD). MALDI-TOF MS (matrix: DHBA) [M + Na]t = 5421.9
(calcd 5433.8). Anal. Calcd for ¢auH350014054)(H20).s: C, 45.48;
H, 6.92. Found: C, 45.09; H, 6.62. UWis: Ama= 438 nm.
Preparation of 3T-[2]Rotaxane and 6T-[3]Rotaxane 3T-[2]-

rotaxane and 6T-[3]rotaxane were synthesized in the same manner

as 2T-[2]rotaxane and 4T-[3]rotaxane using 5.00 mL of an aqueous
solution of the inclusion complex between 3T diboric ethylene
glycol ester (72.5 mg, 0.187 mmol) and DBACD (1340 mg, 1.00
mmol). The crude product was purified by HPLC (eluent; water:
acetonitrile) to give 3T-[2]rotaxane and 6T-[2]rotaxane in a yield
of 23.2% (173.4 mg) and 2.8% (15.1 mg), respectively.
(a) 3T-[2]Rotaxane.’H NMR (500 MHz, in DMSOsg, 30°C)
0 7.62 (d, 2H, phenyl proton next to thienylene ring at CD first

ladium acetate (8.40 mg, 0.0374 mmol), potassium carbonate (138rim, J = 7.0 Hz), 7.53 (d, 2H, phenyl proton next to thienylene

mg, 1.12 mmol), and &-(4-iodophenyl)8-cyclodextrin (500 mg,
0.374 mmol) dissolved in 50 mL of water were stirred for 2 h. An
aqueous solution (5 mL) of the inclusion complex between 2T
diboric ethylene glycol ester (57.2 mg, 0.187 mmol) and pM-

ring at CD second rim] = 7.0 Hz), 7.32 (d, 1H, @H of thienylene
at CD second rimJ = 2.9 Hz), 7.26 (d, 1H, ¢H of thienylene at
CD first rim, J = 2.9 Hz), 7.21 (d, 1H, ¢H of thienylene at CD
first rim, J = 2.9 Hz), 7.12 (d, 1H, €H of thienylene at CD first

CD (996 mg, 0.748 mmol) was added dropwise to the reaction rim, J = 2.8 Hz), 7.09 (d, 1H, H of thienylene at CD second
mixture. The reaction mixture was allowed to stir for 24 h at room rim, J = 2.7 Hz), 7.06 (d, 1H, ¢H of thienylene at CD second
temperature. After neutralizatiorytd N HCI, the reaction mixture rim, J = 2.9 Hz), 7.03 (d, 2H, phenyl proton next to ether bond at
was centrifuged (3500 rpm, 10 min) and the supernatant solution CD second rimJ = 7.2 Hz), 6.99 (d, 2H, phenyl proton next to
evaporated to give the crude product. The crude product was ether bond at CD first rimJ=7.2 Hz), 5.8-5.6 (m, 28H, QsH of
purified by HPLC (eluent; water:acetonitrile) to give 2T-[2]rotaxane [-CD), 4.93 (d, 7H, gH of DM--CD, J = 2.5 Hz), 4.88 (s, 7H,
and 4T-[3]rotaxane in a yield of 22.7% (166.9 mg) and 3.0% (15.2 OzH of DM-(-CD), 4.82 (d, 14H, ¢H of 5-CD,J = 3.1 Hz), 4.41
mg), respectively. (m, 14H, QH of 3-CD), 4.32-4.14 (m, 8H, G 45 ¢H of 5-CD),
(a) 2T-[2]Rotaxane.’H NMR (500 MHz, in DMSO#s, 30°C) 3.97 (bs, 2H, GH of -CD), 3.8-3.5 (m, G454 of CDs), 3.47
0 7.55 (d, 2H, phenyl proton next to thienylene ring at CD second (s, 21H, QMe of DM-$-CD), 3.16 (s, 21H, @Me of DM-3-CD).
rim, J = 6.9 Hz), 7.48 (d, 2H, phenyl proton next to thienylene 3C NMR (125 MHz, in DMSO#ds, 30°C) ¢ 158.4 p-phenyl carbon
ring at CD first rim,J = 6.6 Hz), 7.22 (d, 1H, ¢H of thienylene next to thienylene ring at CD second rim), 158a3phenyl carbon
at CD first rim,J = 3.0 Hz), 7.14 (m, 1H, ¢H of thienylene at next to thienylene ring at CD first rim), 143.C{ of thienylene at
CD second rim), 7.12 (m, 1H,48 of thienylene at CD first rim), CD first rim), 142.3 Cs- of thienylene at CD second rim), 135.5
7.03 (d, 2H, phenyl proton next to ether bond at CD first rims (C» of thienylene at CD first rim), 134.9C0s of thienylene at CD
7.1 Hz), 7.02 (m, 1H, ¢H of thienylene at CD second rim), 6.99  second rim), 134.2Q, of thienylene at CD second rim), 133.9
(d, 2H, phenyl proton next to ether bond at CD second drs, (C, of thienylene at CD first rim), 126.@&{phenyl carbon thienylene
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side at CD second rim), 126.8-phenyl carbon thienylene side at
CD first rim), 125.9 p-phenyl carbon next to ether bond), 124.7

(Cs of thienylene at CD first rim), 124.33; of thienylene at CD
second rim), 123.6Gz of thienylene at CD first rim), 123.4Qy
of thienylene at CD second rim), 122.€,4( of thienylene at CD
second rim), 122.8Q, of thienylene at CD first rim), 115.1n¢
phenyl carbon ether bond side at CD second rim), 11%-phenyl
carbon ether bond side at CD first rim), 102G (of 5-CD), 101.9
(C: of p-CD), 100.0 C, of DM-$-CD), 82.6 C, of DM--CD),
81.9 C4 of p-CD), 81.6 C4 of 5-CD), 73.0 Cs of DM-j3-CD),
72.7 Cs of B-CD), 72.4 C; of 5-CD), 72.0 Cs of 5-CD), 70.5 Cs
of DM-$-CD), 69.9 Cs of DM-$-CD), 69.6 Cs of -CD), 59.9
(Cs of 5-CD), 59.5 (QMe of DM-$-CD), 58.0 (QMe of DM-(-
CD). MALDI-TOF MS (matrix: DHBA) [M + NaJ* = 4020.9
(calcd 4020.9). Anal. Calcd for (eH2500105%)(H20)21: C, 45.01;
H, 6.73. Found: C, 44.59; H, 6.29. UWis: Amax = 407 nm.
(b) 6T-[3]Rotaxane.H NMR (500 MHz, in DMSO#ds, 30°C)
0 7.60 (d, 3H, PhJ = 8.7 Hz), 7.52 (d, 3H, Ph] = 7.8 Hz), 7.48
(d, 1H, PhJ = 8.7 Hz), 7.40 (d, 1H, Ph] = 8.6 Hz), 7.33-6.97
(m, 30H, thienylene and phenyl protons), 6.74 (d, 1H,P,9.0
Hz), 6.53 (d, 1H, PhJ = 9.0 Hz), 5.79-5.62 (m, 56H, QsH of
pB-CD), 4.93 (d, 28H, ¢H of DM-$-CD,J = 5.3 Hz), 4.89 (s, 28H,
OzH of DM--CD), 4.84 (d, 28H, ¢H of 5-CD,J = 5.3 Hz), 4.44-

JOC Article

4.34 (m, 28H, @H of 5-CD), 4.31-4.15 (m, 16H, G 4 5¢H of
pB-CD), 3.97 (bs, 4H, @H of 5-CD), 3.8-3.5 (M, G 4,54 of CDs),
3.47 (s, 84H, GMe of DM-3-CD), 3.17 (m, 84H, @Me of DM-
B-CD). MALDI-TOF MS (matrix: DHBA) [M + K]* = 5614.8
(calcd 5610.9). Anal. Calcd for ¢apHz46014656)(H20)36: C, 45.17;
H, 6.58. Found: C, 45.25; H, 6.66. UWis: Amax = 449 nm.
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