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Novel [2]rotaxanes bearing-cyclodextrin (-CD) derivatives and a diphenylacetylene axis molecule
with trinitrobenzene as a bulky stopper have been prepared to investigate the relative rotary movement
of a ring relative to an axis molecule and that of an axis molecule in a ring by NMR techniques. [2]-
Rotaxane® and3 were composed ai-CD derivatives 2: 6-phenyl-amidex-CD; 3: 6-stilbene-amide-
0-CD). The protons ofx-CDs in rotaxanes were thoroughly assigned by the two-dimensional NMR
techniques (TOCSY, COSY, ROESY, HMQC, and HMBC). The protons-&fD in rotaxanel did not

show splitting, whereas the resonance peak shifts and splitting for the corresponding prate@® of
derivatives in rotaxane® and 3 were observed by the shielding and deshielding effects from a
diphenylacetylene axis molecule. The splitting of resonance peaks was closely related to the rotary
movements ofi-CDs and an axis molecule. We supposed th&D in rotaxanel rotates freely around

a diphenylacetylene axis molecule, and vice versa, whereas the rotary movense@Doflerivatives

and the axis molecules of rotaxarzand3 were restricted by the steric repulsion between the substituent
group ofa-CD and the stopper group of an axis molecule. To estimate the relative rotary movement of
CDs and an axis molecule in rotaxanes, the rotational correlation tignef (rotaxanes was measured by

3C NMR. The results indicate that the corresponding rotary movement of the modi{@d and the

axis molecules in rotaxanegsand 3 depends on the size of the substituent group.

Introduction good example of controlled molecular movement in both linear

S . ... and rotary molecular motor systems. Recently, excellent studies
Molecular motors in biological systems are roughly distin-
guished between linear molecular motors, such as myosin,

kinesin, dynein, etct;4 and rotary motors, such agf7-ATP (1) Goodsell, D. SOur Molecular Nature: The Body’s Motors, Machines
6 . and Message<Copernics: New York, 1996.
synthase, FATPase, eté® Rotaxanes are considered to be a (2) Vale, R. D.. Milligan, R. A.Science200q 288, 88.
(3) Howard, JMechanics of Motor Proteins and the CytoskejtSimauer
* Corresponding author. Telephore31-6-6850-5445; fax-81-6-6850-5445. Associates: Sunderland, MA, 2001.
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on controlled synthetic line&? and rotary molecular motors
have been reported by using rotaxane as building blocks, which
were achieved by controlling rotary movemént2 We previ-
ously reported that the linear movementootyclodextrin (.-

CD) on pseudo-[2]rotaxane with dicationic axle molecules
showed controlled direction of faces@fCD depending on the
axle terminal group& In the present report, we have focused
on the rotary movement af-CD derivatives around a diphe-
nylacetylene axle molecule in suitably designed rotaxanes. NMR
studies of CD rotors with an axle molecule were reported by
some research groups.l® Now we have investigated the
relationship between the structure of substituent groups in
modified CDs and the rotational motion of CDs and/or an axis
molecule. Three kinds of-CD on [2]rotaxane have been
prepared (Figure 1). The effect of a substituent group-afD

on the rotary movement was investigated by variable temper-
ature NMR spectroscopy and the rotational correlation tirge (

Results and Discussion

Preparation of Rotaxanes and Crystal Structure of Ro-
taxane 1.[2]Rotaxanes 1, 2, and 3) were prepared by the
reaction of diaminodiphenylacetylene with sodium 2,4,6-trini-
trobenzene-1-sulfonate in agueous solutions of CD derivatives
as outlined in Scheme 1. The crude products were subjected t
a reversed phase HPLC to give [2]rotaxangs2 and3) in

(4) Frey, E.Chem. Phys. Chen2002 3, 270.

(5) (a) Boyer, P. DBiochim. Biophys. Actd993 144Q 215. (b) Boyer,
P. D. Angew. Chem., Int. EAL998 37, 2296. (c) Walker, J. EAngew.
Chem., Int. Ed1998 37, 2308.

(6) (a) Elston, T.; Wang, H.; Oster, Glature1998 391, 510. (b) Oster,
G.; Wang, H.Biochim. Biophys. Act200Q 1458 482.

(7) (a) Linke, M.; Chambron, J.-C.; Heitz, V.; Sauvage, J.-P.; Semetey,
V. Chem. Communl1998 2469. (b) Blanco, M.-J.; Jiniez-Molero, M.
C.; Chambron, J.-C.; Heitz, V.; Linke, M.; Sauvage, JGRem. Soc. Re
1999 28, 293-305. (c) Jiménz, M. C.; Dietrich-Buchecker, C.; Sauvage,
J.-P.; De Cian, A.AAngew. Chem., Int. EQ200Q 39, 1295-1298. (d)
Jimerez-Molero, M. C.; Dietrich-Buchecker, C.; Sauvage, J.-PAAgew.
Chem., Int. Ed200Q 39, 3284-3287. (e) Jiméez-Molero, M. C.; Dietrich-
Buchecker, C.; Sauvage, J.-Bhem. Eur. J2002 8, 1456-1466. (f)
Dietrich-Buchecker, C.; Jimez-Molero, M. C.; Sartor, V.; Sauvage, J.-P.
Pure Appl. Chem2003 75, 1383-1393.

(8) Liu, Y.; Flood, A. H.; Bonvallet, P. A.; Vignon, S. A; Northrop, B
H.; Tseng, H.-R.; Jeppesen, J. O.; HuailgJ.; Brough,B.; Baller, M
Magonov, S.; Solares, S. D.; Goddard, W. A.; Ho, H.-M.; Stoddart, J. F.
Am. Chem. So005 127, 9745-97509.

(9) Shukla, R.; Deetz, M. J.; Smith, B. @hem. CommurR00Q 2397.

(10) (a) Koumura, N.; Zijlstra, R. W. J.; Delden, R. A. van; Harada, N.;
Feringa, B. L.Nature1999 401, 152. (b) Koumura, N.; Geertsema, E. M;
Meetsma, A.; Feringa, B. LJ. Am. Chem. So00Q 122 12005. (c)
Feringa, B. L.Acc. Chem. Re001 34, 504.

(11) (a) Kelly, T. R.; De Silva, H.; Silva, R. ANature1999 401, 150.
(b) Kelly, T. R.; Silva, R. A.; De Silva, H.; Jasmin, S.; Zhao, Y.Am.
Chem. Soc200Q 122, 6935. (c) Kelly, T. R.Acc. Chem. Re001, 34,
514.

(12) (a) Leigh, D. A.; Wong, J. K. Y.; Dehez, F.; Zerbetto, Nature
2003 424, 174. (b) Bottari, G.; Dehez, F.; Leigh, D. A.; Nash, P. J.; Perez,
E. M.; Wong, J. K. Y.; Zerbetto, FAngew. Chem., Int. EQ003 42, 5886.
(c) Hannam, J. S.; Lacy, S. M.; Leigh, D. A,; Saiz, C. G.; Slawin, A. M.
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Chemical structures ai-CD-based rotaxanes.

FIGURE 1.

FIGURE 2. Crystal structure of rotaxan& Carbon, oxygen, and
nitrogen are shown in gray, red, and purple, respectively.

SCHEME 1. Preparation of [2]Rotaxanes
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65%, 67%, and 8% yield, respectively. The sodium adducts of
molecular ion of rotaxanes were observed by MALDI-TOF mass
spectroscopy. Pseudo-rotaxanes, which do not have end stoppers,
showed no such molecular ion peaks of pseudo-rotaxane because
of their dissociations. We have obtained a single crystal of
rotaxanel suitable for X-ray crystallography analysis (Figure

2). The crystal structure of rotaxadeshows that the wider rim
(secondary hydroxyl group side) of-CD is located close to

the trinitrobenzene end group. The distance between secondary
hydroxyl groups ob-CD and the nitro group showed an average

of 2.95-3.85 A, whereas the distance between primary hydroxyl
groups ofa-CD and the nitro group showed an average of 3.85
4.60 A. These results indicate that we succeeded in obtaining
interlocked molecules, rotaxanek @, and3).
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FIGURE 3. 'H NMR spectra of rotaxanes (a), 2 (b), and3 (c) in

methanold, (0.6 mM) under variable temperature. *: Exchange peak

between HO and methanot.

IH NMR Analyses of Rotaxanes. Temperature Variation.
The 'H NMR spectra of [2]rotaxanes, 2, and 3 at varying
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FIGURE 4. Results of the peak shifts of inner protons tC&nd CH)
of modified a-CDs from 30°C to —60 °C. (a and b) Protons of G8
and CH in rotaxane2, respectively. (c and d) Protons of B3and
CBH in rotaxane3, respectively. A vertical scale (AF) represents the
glucopyranose unit.

units of B, C, and E, whereas the downfield shifts of*CBI
and C3H peaks were observed as shown in Figure 4a,b. For
rotaxane3, C3CH and C%-CEMH peaks showed upfield shifts
at —60 °C. The downfield shifts of C&H and C3FH peaks
with a decrease in temperature were caused by the deshielding
effect (Figure 4c,d). The glucopyranose units of A and D in
rotaxanes2 and 3 are located adjacent to the edge of a
diphenylacetylene axis molecule-a60 °C. It should be noted
that the corresponding signals of rotax@&®howed larger peak
shifts and splitting than those of rotaxaR€Figure 4). Steric
repulsion between the substituent groupe€D and the stopper
group (trinitrophenyl group) of an axis molecule is supposed
to restrict the rotary movement between modifiedCDs and
axis molecules.

ROESY Spectra of Rotaxanes Measured under Varying
Temperatures. The detailed conformations of rotaxarizand
3 were determined by using ROESY NMR measurements. The
ROESY NMR spectra of rotaxan&and 3 at 30°C showed
correlation peaks between inner protons KC8nd C%) of
modified a-CD and the protons (i and k) of the diphenylacety-
lene axis molecule (Figure 5a,c). For rotax@nthe correlation
peaks between Gband k proton and between 83nd i proton

temperatures are shown in Figure 3. The resonance peaks ofvere observed. On the other hand, no correlation peak between
these rotaxanes have been thoroughly assigned by COSYC5H and i proton was observed because rotaxanes form

TOCSY, HMQC, HMBC, and ROESY measurements. ThélC1
protons of the glucopyranose unit ofA in o-CD, hereinafter
called C2~FH, in rotaxanel exhibited a peak shift downfield

asymmetric structures due to the bucket structurer-@Ds.
The correlation intensities between45H and k proton (or j
proton) and between @3FH and i (or j proton) proton showed

with a decrease in temperature, whereas the correspondingequivalent intensities at 3%C, indicating that modified CDs

protons in rotaxané did not split because-CD is not modified
(Figure 3a). The C1FH peaks in rotaxanez and3 were split

by the introduction of a substituent group ¢6CD and an
anisotropic effect from a diphenylacetylene axle molecule. The

C1AH and CPH peaks in rotaxane® and3 shifted downfield

with decrease in temperature, respectively, whereas tRelC1

C1I°H, and CIH peaks of rotaxane® and 3 shifted upfield,

freely rotate around a diphenylacetylene axis molecule on the
NMR relaxation time scale<{1073 s)*® at 30°C. Rotaxane3
showed similar inclusion and rotation behavior at°8D

For rotaxane2 at —60 °C, correlation peaks between
C3*B.D:EH and i proton were observed, as well as those between
CH5BDEH and k proton, whereas €3H did not show the
correlation peaks with i proton, as well as betweers-85and

respectively (Figures 3b,c). Figure 4 summarizes the peak shiftsk proton. For rotaxan® at —60 °C, C3*P-EH and C®EH of

of the inner protons of modified-CDs (C3H and C%) for

rotaxanes2 and 3 at 30 °C and —60 °C, respectively. For
rotaxane2, C# S and C%CEH peaks showed the upfield
shifts with a decrease in temperature by the shielding effect

6-stilbene-amidex-CD were correlated with i and k protons of
the axis molecule, respectively. Neither®3FH nor CCH

(19) Silverstein, R. M.; Webster, F. )Spectrometric Identification of

from a diphenylacetylene axis molecule on the glucopyranose Organic Compoundssth ed.; Wiley: New York, 1998.
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FIGURE 5. ROESY NMR spectra of rotaxan@&s(a and b) an® (c and

showed the correlation peaks with k proton. The distance
between C3-FH and i proton and between €5H and k
proton in rotaxand was 2.698-4.643 A and 2.5753.928 A,
respectively, which were measured with the data of single X-ray
analysis. These results indicate that the relative rotational
movements between modifiedtCDs and axis molecules are
significantly decreased at60 °C.2° The rotation behavior of
rotaxane3 is different from that of rotaxan2 as represented
schematically in Figure 6.

Rotational Relaxation Time Measurement for [2]Rotax-
anes.Longitudinal relaxation timesTg) of 13C NMR for [2]-
rotaxanes were measured in DM$IF? at 30°C to estimate
the average time scale for molecular motionste€Ds. In the
observation of the motion of rotaxanes, it is necessary to
distinguish the motion of axis molecules and”D molecules.
We have measured th& for °C of the 2-position in a

(20) The torsion angle between phenyl rings of diphenlyacetylene was
8.68 A in rotaxandl, measured by single crystal X-ray analysis. However,
the diphenylacetylene did not show a disordered structure. If the nonspecific
glucopyranose units show the correlation peaks for the phenyl ring, the
phenyl ring should show a flip of more than%®n the basis of these
data, we supposed that the flipping phenyl rings did not occur during the
2D ROESY NMR measurement.

(21) We have to adjust the concentration of the solution to measgure
by 3C NMR spectroscopy because these rotaxanes have high solubility
for DMSO-ds.

d) in methanad (5 mM) under variable temperature.

diphenylacetylene group ariéC of C1, C2, and C4 im-CDs

by using 270, 400, 500, and 600 MHz NMR spectrometers,
respectively, corresponding to 67.77, 100.4, 125.5, and 150.6
MHz resonance frequencies féfC, respectively (Table 1).
Figure 7 shows the relationship between the obtaifiedata

and the resonance frequency for rotaxan€urve fitting was
performed on these plots by using eq 1 to determine a rotational
correlation time {¢) showing the molecular fluctuation (Table
2). The relative movements betweerCDs and axis molecules
were estimated by (1/z.). 7. of the axis molecules were shorter
than those ofi-CDs in each rotaxane, indicating that the relative
rotation rates of axis molecules are faster than that-@Ds.

The order ofA(1/r.) is rotaxaned > 2 = 3. The relative rotary
movements of CDs and/or axis molecules in rotaxahasd3
were restricted relative to that of rotaxaheThere is a slight
difference in motion between rotaxan2snd 3. This result is

in excellent agreement with the 2D ROESY NMR experi-
ments.

Conclusion

We have observed the rotary movemento€Ds as a rotor
on the rotaxanes by NMR measurements. ROESY measurements
showed thai-CDs rotate around an axis molecule faster on
the NMR time scale at 30C; however, rotaxanef and 3

J. Org. ChemVol. 73, No. 7, 2008 2499
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FIGURE 6. Schematic illustration of rotary movement of rotaxag@es
and3. The rotary movement of axis molecules were omitted to clarify
the rotation behavior of axis molecules and modifie€Ds.

100

c1
c2
c4
axis

(NT,) s

TrrrTn T T
10°
m';frad s?

10°

FIGURE 7. Dependency ofNT:)"* on e, for C1, C2, and C5 nuclei
in rotaxanel in DMSO-ds at 30 °C. See Figures S16 and S17 for
rotaxane2 and rotaxane8, respectively.

showed nonequivalent correlation peaks between the protons

of an axis molecule and inner protonscefCDs, indicating that
the rotational motion of the.-CDs and the axis molecules are
slowed down at-60 °C. To estimate the significant difference
in rotary movement between rotaxasand 3, we have
measured a rotational correlation timg)for an axis molecule
ando-CDs, respectively. Comparing rotaxang, and3 on

the basis of an axis molecule, the rotational rates of modified
o-CDs in rotaxane® and3 were slower than that of the-CD

in rotaxanel (Figure 8). We suppose that the steric hindrance
between the substituent group of #reCDs and the end group

2500 J. Org. Chem.Vol. 73, No. 7, 2008
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Rotation Rate
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FIGURE 8. Schematic illustration of rotation behavior of [2]rotaxanes.
This figure shows a typical result, [2]rotaxane with 6-stilbene-amide-
a-CD.

of an axis molecule triggered the restriction of rotary movement
of the a-CDs around the axis molecule. Now we are preparing
novel [2]rotaxanes, without acceptor molecules (trinitrobenzene
group), to control the rotary movement by photoirradiation.

Experimental Section

Longitudinal Relaxation Time Measurements. 13C NMR
measurements were performed to determine the longitudinal
relaxation time,T;, by using JEOL EX-270 (resonance frequency
for 1°C: w, = 67.77 MHz), JEOL GSX-400 (resonance frequency
for 3C: w, = 100.4 MHz), JEOL Lambda-500 (resonance
frequency for'3C: w, = 125.5 MHz), and Varian Unity plus-600
(resonance frequency féfC: o, = 150.6 MHz) spectrometers at
30°C via a conventional inversion recovery pulse sequence; 90
7—18C, under the deuterium lock mode. The rotational correlation
time, 7., for each3C nucleus in the rotaxanes was determined via
eq 1 with obtainedr; values at different resonance frequenéfes.

1 (#o) yHZyC?H? ( 7 3 61

—=|= + +
NT, V47| 4077, ° \ 149(w,7)?  1+H(w,1)?  14+25,7.)°
@

whereN, uo, On, Yc, h, andrcy are the number ofHs directly
bound to13C, permeability of free space #4x 107 H-m™1),
gyromagnetic ration ofH (2.675x 1 radT1-s71), gyromagnetic
ratio of 13C (0.688x 1 radtT1-s71), Planck’s constant (6.626
10734 Js), and distance betweéH and3C, respectively, 0.1102
nm for a diphenlyacetylene group and 0.112 nm for C1-H, C2-H,
C4-H of thea-CDs. These distances were calculated by Spartan

‘04 using the HartreeFock method.
PO e
H: DMF

NH,
_"UH 5 H %H )
0O

H NH—C

C C
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TABLE 1. Dependency of Longitudinal Relaxation Time T1) on 13C of the 2-Position in a Diphenylacetylene Group and'3C of C1, C2, and
C4 in a-CDs in [2]Rotaxanes (1, 2, and 3) by Using 67.77, 100.4, 125.5, and 150.6 MHz in Resonance FrequencieSdor

T, of rotaxanel, s T, of rotaxane2, s T, of rotaxane3, s
resonance CD unit CD unit CD unit
frequency, MHz axis C1 Cc2 C4 axis C1 Cc2 C4 axis C1 Cc2 C4
67.77 0.16 0.12 0.12 0.12 0.15 0.13 0.13 0.14 0.15 0.10 0.12 0.12
100.4 0.22 0.21 0.19 0.18 0.21 0.18 0.21 0.20 0.19 0.21 0.19 0.19
125.5 0.23 0.24 0.25 0.24 0.24 0.27 0.26 0.25 0.22 0.26 0.26 0.26
150.6 0.23 0.30 0.30 0.29 0.24 0.30 0.30 0.29 0.25 0.35 0.35 0.33

a Concentration of rotaxanes: rotaxahie20.4 mM, rotaxane; 20.6 mM, rotaxane; 20.6 mM.

TABLE 2. Rotational Correlation Time (z.) of Axis Molecules and stilbene), 7.63 (dJ = 7.1 Hz, 2H, 2-H of stilbene), 7.447.27
o-CD in DMSO-ds (m, 5H, 3,4'-H of stilbene, olefin of stilbene). TLC (ethyl acetate/
axis cD hexane 1:1):R: = 0.30 (relative to the solvent front). IR (KBry,

3300-2500 (O-H), 1680 (G=0), 1425 (G-H), 1290 (C-O) cnr L.

Te, 1/ze, Te, 1/ce,
o g 10 o FAB-MS, m/z, 224 (M"), 207, 178, 154, 135, 107. Mp. 25255
1006 10(sH) 1070(s) 10(H Al °C. Anal. Calcd for GsH10»0.35H0: C. 78.14: H, 5.55.
rotaxanel 5.0 20 15 6.8 13 Found: C, 78.05; H, 5.22.
rotaxane2 55 18 14 7.3 11
rotaxane3 6.0 17 18 5.7 11

Alhe = 1l (axis) — 1/r(CD)

DCC,HOBt

Preparation of 6-Phenyl-amide-CD. Benzoic acid (52.4 mg,
0.429 mmol), dicyclohexyl carbodiimide (DCC; 126 mg, 0.612
mmol), and 1-hydroxybenzotriazole (HOBt; 95.4 mg, 0.622 mmol)
were added to dried DMF (10 mL) at°C. After 1 h, a solution of
6-NH,-0-CD (374.1 mg, 0.379 mmol) in dried DMF (20 mL) was
added to the reaction mixture, and the mixture was stirred°&t 0
for 2 h. It was allowed to warm to room temperature and stirred O
for 5 days. The mixture was poured into acetone (1 L). The
precipitate was collected and dissolved in water. The solution was
applied to a DIAION HP-20 column. The column was flushed with
water (2 L) and then eluted with a water/methamoR0/80 (v/v).

The fraction was concentrated under reduced pressure, and pure (b) Preparation of 6-Stilbene-amideCD. 6-Stilbene-amide-
6-phenyl-amides-CD was obtained (white powder, 348 mg, CD was prepared by the same method as 6-phenylami@e,
85.4%)."H NMR (500 MHz, DMSO#) o4 8.32 (t,J = 5.8 Hz, using 4-stilbene carboxylic acid (224 mg, 1.00 mmol), DCC (248
1H, amido), 7.80 (dJ = 7.2 Hz, 2H, ortho H of phenyl), 7.51 (t,  mg, 1.20 mmo), HOBt (184 mg, 1.20 mmol), and 6-N&-CD
J=17.4Hz, 1H,p-Ph), 7.43 (tJ = 7.4 Hz, 2H,m-Ph), 5.57-5.36 (987 mg, 1.00 mmol). 6-Stilbene-amideCD was obtained (white
(m, 12H, 02,8 of CD), 4.93-4.73 (m, 6H, CH of CD), 4.56~ powder, 664 mg, 56.3%}H NMR (270 MHz, DMSO#s) oy 8.31
4.34 (m, 5H, OB of CD), 3.83-3.22 (m, overlaps with HOD, (t, J = 5.8 Hz, 1H, amido), 7.83 (dJ = 8.3 Hz, 2H, 3H of
others of CD). TLC (-butanol/ethanol/water 5:4:3)R = 0.56 stilbene), 7.66 (dJ = 8.4 Hz, 2H, 2H of stilbene), 7.63 (dJ =
(relative to the solvent front). MALDI TOFMS, m/z (%), 1098.5- 7.1 Hz, 2H, 2-H of stilbene), 7.427.26 (m, 5H, 34'-H, olefin of
(100) [M + Nal*, 1114.0(55) [M+ K]*. Mp 285-286 °C stilbene), 5.585.38 (m, 12H, O2 A of CD), 4.94-4.74 (m, 6H,
(decomp). Anal. Calcd for £Hss030N-7.73H0: C, 42.50; H, 6.67;  C1H of CD), 4.59-4.34 (m, 5H, O61 of CD), 3.84-3.21 (m,
N, 1.15; Found: C, 42.37; H, 6.48; N, 1.35. overlaps with HOD, others of CD). TLQWbutanol/ethanol/water
5:4:3): Ry = 0.58 (relative to the solvent front). MALDI TOF

(0D, ExN MS, miz (%), 1200.7 (100) [M+ Na]*, 1177.3 (24) [M[, 1217.4
M' +\—© : M (15) [M + K]*. Mp 284-286 °C (decomp). Anal. Calcd for
HO Q C51H71030N‘0.3DMF‘4.35|'EOZ C, 48.76; H, 6.45; N, 1.48.

Found: C, 48.76; H, 6.44; N, 1.47.

DMF

;5 =

NH —C

OIIIII
“OH 5 H

Preparation of 6-Stilbene-amidee-CD. (a) Preparation of PACL(PPh
4-Stilbenecarboxylic Acid. Styrene (1.56 g, 14.9 mmol) and cm"",ﬁHa a’;’
4-ijodobenzoic acid (3.97 g, 15.9 mmol) were dissolved in tetrahy- "'EN_Q_ + 4@"‘""2
drofran (THF; 17 mL) and triethylamine (20 mL). The solution
was refluxed in the presence of triphenylphosphine (0.124 g, 0.473 —
mmol) and palladium(ll) acetate (0.100 g, 0.445 mmol) for 24 h. HaN O - Q NHe
After the removal of the solvent, ethyl acetate (150 mL) was added,
and the soluble part was washed with three portions of water (60 Preparation of 4,4-Diaminodiphenylacetylene.PdCL(PPh),
mL). The organic layer was concentrated under reduced pressure(35.9 mg, 0.0511 mmol), Cul (19.5 mg, 0.102 mmol), and
and recrystallization from hexane and ethyl acetate afforded pure p-iodoaniline (1.10 g, 5.02 mmol) were dissolved in THF (30 mL)
4-stilbenecarboxylic acid (pale brown powder, 472 mg, 14.1%). at room temperature under an argon atmospheEthynylaniline
IH NMR (270 MHz, DMSO#s) 6y 12.8 (br, 1H, OH), 7.92 (d) (589 mg, 5.03mmol) was added, and a 0.5 M solution of aqueous
= 8.5 Hz, 2H, 3H of stilbene), 7.71 (dJ = 8.4 Hz, 2H, 2H of ammonia (20 mL) was added dropwise. The mixture was stirred
for 4 h atroom temperature and extracted with diethyl ethex(3
(22) Lyerla, J. R., Jr.; Levy, G. (Qlopics in Carbon-13 NMR Spectros- 50 mL) The OrganiC Iayer was concentrated under reduced pressure.
copy, Levy, G. C., Ed.; Wiley: New York, 1974; Voll, pp 79-148. Ethyl acetate (150 mL) was added to the residue, and the soluble
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part was poured into hexane (1 L). The precipitate was collected 3, 2-H of diphenylacetylene angh-Ph), 7.04 (dJ = 8.6 Hz, 2H,

and washed with hexane to afford pure’4é&aminodiphenylacety-
lene (pale brown powder, 420 mg, 40.1%) NMR (500 MHz,
DMSO-dg) 6y 7.09 (d,J = 8.5 Hz, 4H, 2,2position of phenyl),
6.51 (d,J = 8.5 Hz, 4H, 3,3H of Ph), 5.37 (s, 4H, amino). TLC
(ethyl acetate/hexane 1:1[ = 0.38 (relative to the solvent front).
Mp 208-210°C. Anal. Calcd for GsH:,N,+0.35H0: C, 78.37;
H, 5.97; N, 13.06; Found: C, 78.46; H, 5.61; N, 12.70.
Preparation of [2]Rotaxanes. Rotaxane 1o-CD (972 mg, 1.00
mmol) and sodium hydrogen carbonate (NaHC894 mg, 4.69
mmol) were dissolved in water (20 mL). 4Biaminodipheny-

3'-H of diphenylacetylene), 5.624.90 (m, 6H, C2~FH of CD),
4.14-3.37 (m, 30H, others of CD). TLh(butanol/ethanol/water
5:4:3): Ry = 0.76 (relative to the solvent front). MALDI TOF
MS, m/z (%), 1683.9 (100) [M+ Na — 3N or O]*, 1668.3 (95)
[M + Na— 4N or OJ*, 1653.9 (75) [M+ Na— 5N or OJ*, 1697.6
(75) [M + Na — 2N or Q]*, 1635.2 (50) [M+ Na — 6N or Of",
1715.9 (50) [M+ Na — N or O]*. Mp: 278-279°C (decomp).
Anal. Calcd for GgH7¢04Ng*5.74H0: C, 44.23; H, 4.87; N, 6.73;
Found: C, 44.46; H, 5.10; N, 6.73.
(c) Rotaxane 3.Rotaxane3 was prepared by the same method

lacetylene (42.3 mg, 0.203 mmol) was added to the mixture and as that used for rotaxarieexcept for the purification method, using
stirred at room temperature. After 48 h, 2,4,6-trinitrobenzenesulfonic 6-stilbenee-CD (252 mg, 0.214 mmol), NaHGQ168 mg, 14.1
acid sodium salt dehydrate (TNBS; 143 mg, 0.406 mmol) was added mmol), water (22 mL), 4,4diaminodiphenylacetylene (29.4 mg,
to the mixture and stirred for 48 h at room temperature. The resultant 0.141 mmol), and TNBS (103 mg, 0.293 mmol). The crude product

solution was washed with ethyl acetate (6 25 mL) and

was dissolved in water and subjected to reversed phase preparative

concentrated under reduced pressure. The residue was dissolve®#iPLC. Fractions containing the rotaxaBe/ere concentrated under

in water, and the solution was applied to a DIAION HP-20 column
(eluted with water/methanck 100/0 to 70/30). The rotaxank
was obtained when the column was eluted with-30% methanol
(orange powder; 210 mg, 64.6%8H NMR (500 MHz, methanol-
ds) On 9.15 (s, 2H, 3H and 3-H trinitrophenyl), 9.07 (s, 2H, 34
and 3-H trinitrophenyl), 8.02 (d,J = 8.5 Hz, 2H, 2H of
diphenylacetylene), 7.41 (d, = 8.5 Hz, 2H, 2-H of dipheny-
lacetylene), 7.32 (d) = 8.5 Hz, 2H, 3H of diphenylacetylene),
7.23 (d,J = 8.5 Hz, 2H, 3-H of diphenylacetylene), 4.91 (d,=
3.5 Hz, 6H, CH of CD), 4.03 (dt,J = 2.2, 9.1 Hz, 6H, CH of
CD), 3.85 (ddJ = 3.1, 12 Hz, 6H, CH® of CD), 3.80 (t,J = 9.3
Hz, 6H, CH of CD), 3.67 (ddJ = 1.9, 12 Hz, 6H, CB* of CD),
3.57 (t,J = 9.2 Hz, 6H, CH of CD), 3.44 (ddJ = 3.3, 9.8 Hz,
6H, C2H of CD). TLC (n-butanol/ethanol/water 5:4:3 = 0.65
(relative to the solvent front). MALDI TOFMS, m/z (%), 1609.6
(100) [M + Li]t*, 1595.6 (82) [M+ Li — N or O]f, 1579.6 (52)
[M + Li — 2N or O], 1563.6 (30) [M+ Li — 3N or O], 1625.6
(28) [M + Na]*, 1547.6 (16) [M+ Li — 4N or O]*. Mp: 296—
297°C (decomp). Anal. Calcd for &gH7404.Ng-8.03H0: C, 42.60;
H, 5.19; N, 6.41; Found: C, 42.37; H, 4.96; N, 6.34.

(b) Rotaxane 2.Rotaxane2 was prepared by the same method
as that used for rotaxarieexcept for the method of purification,
using 6-Phex-CD (156 mg, 0.145 mmol), NaHCG{255 mg, 3.03
mmol), water (30 mL), 4,4diaminodiphenylacetylene (30.1 mg,
0.145 mmol), and TNBS (107 mg, 0.304 mmol). The crude product
was dissolved in water, and the solution was applied to a DIAION
HP-20 column (eluted with water/metharel100/0 to 80/20). The
rotaxane2 was obtained when the column was eluted with 80%
methanol (orange powder, 164 mg, 66.5%).NMR (500 MHz,
methanole,) oy 9.15 (s, 2H, 3H and 3-H trinitrophenyl H), 9.04
(s, 2H, 3H and 3-H trinitrophenyl H), 8.03 (dJ = 8.6 Hz, 2H,
2-H position of diphenylacetylene), 7.69 @@= 7.1 Hz, 2H, ortho
H of phenyl), 7.45 (tJ = 7.5 Hz, 1H,p-Ph), 7.39-7.32 (m, 6H,
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reduced pressure, and pure rotax@ngas obtained (red powder,
19.7 mg, 7.72%)*H NMR (500 MHz, methanoll;) oy 9.12 (s,
2H, 3H and 3-H trinitrophenyl), 8.91 (s, 2H, 3 and 3-H
trinitrophenyl H), 8.03 (dJ = 8.5 Hz, 2H, 2H of diphenylacety-
lene), 7.72 (dJ = 8.5 Hz, 2H, 3H of stilbene), 7.54 (d) = 8.4
Hz, 2H, 2H of stilbene), 7.51 (d) = 7.3 Hz, 2H, 2-H of stilbene),
7.36-7.25 (m, 7H, 3 4-H of stilbene and 3, "2H of dipheny-
lacetylene), 7.17 (d) = 16 Hz, 1H, olefin of stilbene), 7.10 (d,
= 16 Hz, 1H, olefin of stilbene), 6.90 (d,= 8.6 Hz, 2H, 3-H of
diphenylacetylene), 5.624.89 (m, 6H, C*~FH of CD), 4.16-3.36-
(m, 30H, others of CD). TLCr(-butanol/ethanol/water 5:4:3)R
= 0.71 (relative to the solvent front). MALDI TOFRMS, m/z (%),
1795.7 (100) [M— N]*, 1780.2 (90) [M— 2N or OJf, 1810.7
(50) [M]*, 1764.8 (40) [M— 3N or O], 1833.5 (18) [M+ Na].
Mp: 290-292 °C (decomp). Anal. Calcd for GHgsOsNg:
7.74H0: C, 47.48; H, 5.19; N, 6.47; Found: C, 47.45; H, 5.13;
N, 6.39.
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