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Chemical Reactions in the Axle of Rotaxanes — Steric Hindrance by the Wheel
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Supramolecular chemistry

Here we report on the possibility of using rotaxane wheels
as noncovalent protecting groups which significantly
decrease the activity of functional groups in the central part
of the axle. The amide-linked rotaxanes 5a and 5b, each
containing a C=C double bond in their axle, have been
synthesised. The catalytic hydrogenation of these two
rotaxanes proceeds slower than those of the corresponding

free axle compounds 6a and 6b, indicating steric hindrance
of the C=C double bond by the wheel of the rotaxane in each
case. Nontheless, the rotaxane 9 with an aliphatic (succinic
acid) middle region in its axle can be prepared in this
manner. Dehydrobromination of the axle in the rotaxane 15
yields the rotaxane 16 with a C=C triple bond located in the
centre of the axle.

Introduction

In recent years, considerable progress has been made in
the synthesis of rotaxanes.[! =19 Chemical reactions on rot-
axanes have not, however, been examined extensively hith-
erto. Though some conversions on rotaxanes, such as nu-
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cleophilic substitution'!), condensation!'”, and pro-
tonation!!3! on rotaxane axles, have been carried out earlier,
the influence of the ring on the reaction rate has hardly
been investigated. This situation can find an explanation in
the difficulties of adding or interconverting functional
groups in the first preparatively accessible rotaxanes!->~7]
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on account of synthetic reasons. While C=C triple bonds
have already been introduced into water-soluble rotax-
anes,['¥ the incorporation of double bonds into the axle of
neutral amide-linked rotaxanes described in this paper for
the first time, demonstrates the suitability of mechanically
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interlocked molecules as substrates for chemical reactions.
In addition, it allows to compare the reactivity of the
C=C double bond in the free axle with that in the rotaxane.
Consequently, it is possible to gain an impression of the
extent of steric hindrance provided by the wheel in chemical
reactions performed on the axle component of rotaxanes.
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Results and Discussion
a) Synthesis of Rotaxanes

Starting from the dicarboxylic acid chlorides 1a and b
the rotaxanes 5a and b were prepared by our threading pro-
cedure!"!! in 18—23% yield.['3] In this reaction the corre-
sponding semi-rotaxanes 4a and b are assumed to act as
intermediates (Scheme 1).

b) Chemical Reactions on Rotaxanes

Hydrogenation

To investigate an effect caused by the macrocyclic wheel
2 the free axle molecules 6a and 6b (Schemes 2a and 3a)
and the corresponding rotaxanes 5a and 5b (Schemes 2b
and 3b) were catalytically hydrogenated with Pd/C under
the same conditions. Hydrogenation was continued until no
further conversion was found. As can be seen from Table
1, the yields of the hydrogenated rotaxanes 5a and 5b are
substantially lower than those of the hydrogenated free
axles 6a and 6b after the same reaction time. The hydrogen-
ated free axles 7 and 12 (Schemes 2a and 3a) and the cor-
responding rotaxanes 9 and 14 (Schemes 2b and 3b) were
isolated and characterized.

As assumed in previous studies,!'? the axle in the rotax-
anes appears not to be completely shielded by the wheel.
Differences in behaviour between the rotaxane and the free
axle are obviously due to the steric hindrance of the reac-
tion by the wheel. Thus, double bonds in rotaxane axles are
shielded by the wheel and consequently react more slowly.
Formerly, in the direct threading synthesis of the succinic
acid rotaxane 9 from succinic acid dichloride and the cor-
responding stopper amine the expected product was de-
tected, but it was difficult to separate the rotaxane from the
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free axle which is simultaneously formed.[!®! By the new
indirect way of hydrogenating rotaxane 5a as described
here, however, this amide-linked rotaxane with an aliphatic
central part is easily obtained in a pure form and in pre-
parative scale. Hence, the integration of a double bond in
the centre of the axle represents an alternative way to rotax-
anes with aliphatic axles which are not or hardly accessible
by direct threading.

Addition of Bromine

As shown in Schemes 2b and 3b, the rotaxanes 5a and
5b can also be derivatised by bromine addition to give the
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Table 1. Yield of hydrogenation (Pd/H,) of rotaxanes and their cor-
responding free axles

parent compound hydrogenation yield (%)
Mo symbol after 18 h after 63 h after 120h
ha .—\_. a1 _ lal _fl
&) .
Sa .‘| 1 [ RO -4
Ve
[i1:] H . 48 85 _
b .—‘-@ ® 2 3 87

2l No further conversion could be observed.

corresponding dibromo rotaxanes 10 and 15, which were
not separated into its isomers. For comparison the axles 6a
and 6b (Schemes 2a and 3a) were also treated with elemen-
tary bromine in trichloromethane under analogous con-
ditions following standard synthetic procedures to yield the
dibrominated axles 8 and 13.

Elimination

Twofold dehydrohalogenation of the brominated rotax-
ane 15 yielded the new amide-linked rotaxane 16 with a
C=C triple bond in the centre of the axle (Scheme 3b).
Long reaction times, however, increase the risk of the amide
bonds being cleaved in the basic reaction medium. That is
probably why rotaxane 16 with tolane in the centre of the
axle was obtained in only 20% yield and rotaxane 11 could
merely be detected by mass spectrometry.

The free axles can only be dissolved with difficulty. Since
dehydrobromination does not proceed within the necessar-
ily diluted solution, the elimination did not succeed with
these axles.

Ho
14 4 | Pd/iC
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Scheme 3b
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Conclusion

In future investigations the steric shielding of the wheel,
in the sense of a macrocyclic, noncovalent protecting group
noticed here as a reduced addition rate, could be used to
protect functional groups in rotaxane axles. Since the “slip-
ping” method!'”! allows wheels to be mechanically slipped
onto axles without the formation of a covalent bond, the
“rotaxanation” — to introduce the wheel as protecting
group — and deprotection by “deslipping” is no longer an
insurmountable barrier in strategies, that involve e.g. the
reaction of a functional group in the stopper unit in the
presence of a likewise reactive but sterically protected group
in the centre of the axle. Furthermore, the derivatisation of
brominated rotaxanes might be used for building up larger
rotaxane units up to rotaxane networks.

Experimental Section

General Remarks: Solvents were purified by standard methods and
dried if necessary. Commercial quality reagents were used. — TLC
was carried out on silica gel 60 F254 and CC on silica gel 60, mesh
size 63—100pm (Merck, Darmstadt, Germany). — Melting points
were determined on a microscope heating unit by Reichert, Vienna,
Austria, and are not corrected. — The NMR spectra were recorded
on AM-250 ('H: 250 MHz, 3C: 62.9 MHz), AM-400 ('H: 400
MHz, 3C: 100.6 MHz) and DRX-500 ("H: 500 MHz) of Bruker
Physik AG, Karlsruhe, Germany. The assignment of the NMR sig-
nals was supported by HH-COSY and DEPT 135 experiments (ab-
breviations: ol: olefinic, ar: aromatic, iso: isophthaloyl, cy: cyclo-
hexyl). — Microanalyses: Microanalytical Department of “Kekulé-
Institut fiir Organische Chemie und Biochemie”, University of
Bonn. — FAB-MS, with m-nitrobenzyl alcohol as matrix: Concept
1H and MALDI TOF-MS, with 2,5-dihydroxy benzoic acid as ma-
trix: Kompakt MALDI 3 of Kratos Analytical Ltd., Manchester,
UK.

General Procedure for the Rotaxane Synthesis via Threading: 0.4
mmol of macrocycle 2 and 0.4 mmol of acid chloride were dissolved
in 200 mL of dichloromethane. At room temperature a solution of
0.79 mmol of 4-aminophenyl-triphenylmethane 3 and 25 drops of
triethylamine in 200 mL of dichloromethane were added dropwise
over a period of 4 h. After another 2 h of stirring the solvent was
removed in vacuo, and the crude product was purified by column
chromatography (SiO,; 63—100 um).

Rotaxane 5a and Axle 6a

[2]{V,N'-Bis|4-(triphenylmethyl)phenyl|fumardiamide} {10-zerz-but-
yl-4,16,22,34,48,49,52,53-octamethyl-6,14,24,32-tetraazanonacy-
clo-[36"‘.5"‘.5‘9"9.22’5.2‘5"8.220’23.233’36.18"2.126’3“]hexa-
pentaconta-2.,4,8,10,12(55),15,17,20,22,26,28,30(56),33,35,47,49,51,53-
octadecaene-7,13,25,31-tetraone}rotaxane (5a): Colourless solid,
yield 170 mg (26%), mp. 289°C, R; = 0.46 (dichloromethane/ethyl
acetate, 25:1). — '"H NMR (250 MHz, CDCl;/CD;0D, 20°C): 6 =
1.38 (s, 9 H, C(CH;)3), 1.48 (br, 4 H, CH,), 1.57 (br, 8 H, CH,),
1.98 (s, 12 H, CH3), 2.01 (s, 12 H, CH3), 2.23 (br, 8 H, CH,), 6.60
(d, 3J = 8.6 Hz, 4 H, ArH), 6.65 (s, 2 H, fumaric-H), 6.81 (s, 4 H,
ArH), 6.83 (s, 4 H, ArH), 7.02 (d, 3J = 8.6 Hz, 4 H, ArH),
7.09—7.23 (signal group , 30 H, ArH), 7.60 (t, 3J = 7.7 Hz, 1 H,
Iso-H), 8.07 (d, 3J = 7.7 Hz, 2 H, Iso-H), 8.13 (s, 2 H, #-Bi-iso-H),
8.32 (s, 1 H, t-Bi-iso-H), 8.54 (s, 1 H, Iso-H). — 3C NMR (100.6
MHz, CDCI5/CD;0OD): 6 = 17.58 (ArCHj3), 21.83, 25.29, 34.01

1236

(cy-CH,), 28.56 (C(CHs)s), 30.10 (C(CHs)s), 43.77 (cy-C), 63.45
(C(Ph),), 119.46, 124.79, 124.83, 124.92, 126.01, 126.44, 126.65,
126.91, 128.01, 129.67, 129.85, 130.18, 132.61 (CH), 131.14, 131.25,
133.51, 133.74, 133.99, 134.08, 134.52, 142.05, 145.57, 146.32,
151.30 (Cq), 162.06, 164.13, 164.53 (C=0). — MALDI TOF:
milz = 1712.1 [M + HJ*, 1735.1 [M + Na]*, 1751 [M + K]*. —
CisH11aNgOg - H,O (1712.19): caled. C 81.16, H 6.70, N 4.81;
found C 81.10; H 6.52, N 4.34.

N,N'-Bis|4-(triphenylmethyl)phenyljfumardiamide (6a): Colourless
solid, yield 77 mg (26%), mp. 310°C, R; = 0.47 (dichloromethane/
ethyl acetate, 25:1). — MALDI TOF: m/z = 751.2 [M + H]*, 773.7
[M + Na]*, 791.7 [M + K]*. — Cs54H4,N,0, + 2 H,O (750.91):
caled. C 86.37, H 5.64, N 3.73; found C 86.29, H 5.64, N 3.06.

Rotaxane 5b and Axle 6b

[2]{[V,N'-Bis[4-(triphenylmethyl)phenyl]-4,4’-stilbenedicarbox-
amide} {10-zert-butyl-4,16,22,34,48,49,52,53-octamethyl-6,14,24,32-
tetraazanonacyclo[36'-1.51:1,519:19 22,5 215,18 220,23 933,36 18,12 126,30 hex a-
pentaconta-2,4,8,10,12(55),15,17,20,22,26,28,30(56),33,35,47,49,51,53-
octadecaene-7,13,25,31-tetraone}rotaxane (5b): Colourless solid,
yield 130 mg (18%), mp. 240°C, R; = 0.41 (dichloromethane/ethyl
acetate, 25:1). — '"H NMR (250 MHz, CDCl;/CD50D, 20°C): § =
1.27 [s, 9 H, C(CHj)], 1.45 (br, 4 H, CH,), 1.56 (br, 8 H, CH,),
1.97 (d, 24 H, CHj;), 2.22 (br, 8 H, CH,), 6.55 (s, 2 H, CH=CH),
6.51 (d, 3J = 9.1 Hz, 4 H, ArH), 6.9 (s, 4 H, ArH), 7.1 (s, 4 H,
ArH), 7.20 (d, 3J = 9.1 Hz, 4 H, ArH), 7.22—7.35 (signal group ,
38 H, ArH), 7.52 (t, 3*J = 7.4 Hz, 1 H, Iso-H), 8.05 (d, 3J = 7.7
Hz, 2 H, Iso-H), 8.2 (s, 2 H, -Bi-iso-H), 8.3 (s, 1 H, -Bi-iso-H),
8.64 (s, 1 H, Iso-H). — '*C NMR (100.6 MHz, CDCls): § = 18.78
(ArCH3), 21.11, 26.41, 34.77 (cy-CH,), 29.74 [C(CH3)s], 31.20
[C(CH3)s], 45.12 (cy-C), 64.63 [C(Ph)y], 119.72, 124.79, 124.83,
125.92, 126.09, 126.44, 126.65, 126.91, 127.08, 127.60, 128.10,
128.82, 129.52, 129.55, 130.84, 131.46 (CH), 131.08, 131.13, 133.51,
133.74, 133.97, 134.08, 134.98, 140.00, 143.39, 145.57, 146.65,
153.37 (Cq), 162.06, 164.13, 164.53 (C=0). — MALDI TOF:
mlz = 1864.4 [M + H]", 1886.5 [M + Na]*, 1902.4 [M + K]*. —
C130H125NgOg * 2 H,O (1864.35): caled. C 83.73, H 6.60, N 4.51;
found C 83.35, H 6.80, N 4.24.

N,N'-Bis|4-(triphenylmethyl)phenyl]-4,4’-stilbenedicarboxamide
(6b): Colourless solid, yield 71 mg (20%), mp. 165°C, Ry = 0.72
(dichloromethane/ethyl acetate, 25:1). — 'H NMR (250 MHz,
CDCl;, 20°C): 6 = 6.68 (s, 2 H; CH=CH), 7.10—7.41 (signal
group, 30 H, ArH), 7.50 (d, 3J = 8.6 Hz, 4 H, ArH), 7.61 (d, 3J =
8.6 Hz, 4 H, ArH), 7.85 (d, 3J = 8.5 Hz, 4 H, ArH), 8.15 (s, 1 H,
amide-H), 8.37 (s, 4 H, ArH). — MALDI TOF: m/z = 903.1
[M + H]*, 9252 [M + Na]*, 942.1 [M + K]". — C4HsoN,O, * 0.5
H,0 (903.11): caled. C 87.17, H 5.58, N 3.10; found C 87.16, H
5.38, N 2.87.

General Hydrogenation Procedure: 0.16 mmol each of the rotaxane
and the axle were suspended in 200 mL of benzene. At room tem-
perature the substrates were hydrogenated in presence of 20 mg of
palladium on activated carbon (10%) under a hydrogen pressure of
3 bar using a shaker. After 15 h the reaction was stopped, and the
catalyst was filtered off. The solvent was removed in vacuo and the
crude product purified by column chromatography (SiO,; 63—100
pm).

Rotaxane 9 and Axle 7

[2){V,N'-Bis|4-(triphenylmethyl)phenyl]succindiamide} {|10-zerz-butyl-
4,16,22,34,48,49,52,53-octamethyl-6,14,24,32-tetraazanonacyclo-
[361-1.51:1,519:19 22,5 215,18 220,23 233,36 18,12 126,30hexapentaconta-
2,4,8,10,12(55),15,17,20,22,26,28,30(56),33,35,47,49,51,53-octa-
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decaene-7,13,25,31-tetraone}rotaxane (9): Colourless solid, yield 16
mg (6%), mp. >350°C, Ry = 0.60 (petroleum ether/ethyl acetate/
methanol, 8:2:1). — '"H NMR (250 MHz, CDCl;/CD50D, 20°C):
d = 1.27 [s, 9 H, C(CH;);], 1.45 (br, 4 H, CH,), 1.50 (br, 8 H,
CH,), 1.72 (s 4 H, CH,) 1.79 (s, 12 H, CH3), 1.80 (s, 12 H, CHj),
2.18 (br, 8 H, CH,), 6.51 (d, J = 8.4 Hz, 4 H, ArH), 6.78 (s, 8 H,
ArH), 6.85 (d, 3J = 8.4 Hz, 4 H, ArH), 7.00—7.22 (signal group,
30 H, ArH), 7.45 (t, 3J = 7.7 Hz, 1 H, Iso-H), 7.98 (d, 3J = 7.7
Hz, 2 H, Iso-H), 8.09 (s, 2 H, ¢-Bi-iso-H), 8.27 (s, 1 H, ¢-Bi-iso-H),
8.47 (s, 1 H, iso-H). — '3C NMR (100.6 MHz, CDCIl5/CD;0D):
d = 18.68 (ArCHj), 21.46, 26.48, 35.35 (cy-CH,), 32.84 (CH,),
32.31 [C(CHj3);], 32.31 [C(CH3)3], 45.17 (cy-C), 64.68 [C(Ph),],
120.20, 124.10, 126.17, 127.09, 127.24, 127.59, 127.65, 127.89,
128.73, 129.68, 131.00, 131.18, 131.35, 131.39, 131.61, 134.09,
134.45, 135.27, 135.43, 143.31, 146.78, 148.32, 153.38, 166.65,
166.82, 171.82. — MALDI TOF: m/z = 1714.0 (M+H]", 1736.80
[M+Na]*, 1753.81 [M+K]". — C;13H;1sN¢Os + 2 H>O (1714.21):
caled. C 82.68, H 6.82, N 4.90; found C 82.29, H 6.07, N 4.42.

N,N'-Bis|4-(triphenylmethyl)phenyljsuccindiamide (7): Colourless
solid, yield 110 mg (91%), mp. 270°C, R; = 0.45 (dichloromethane/
ethyl acetate, 20:1). — 'H NMR (250 MHz, CDCl5/CD;0D, 20°C):
8 =2.57 (s, 4 H, CH,), 7.02—7.31 (signal group, 38 H, ArH), — 13C
NMR (100.6 MHz, CDCl;/CD;0D): § = 32 (CH,), 64.46 (C(Ph),),
118.81, 125.79, 127.35, 130.96, 131.46 (CH), 135.58, 142.58, 146.66
(Cq), 17141 (C=0). — MALDI TOF: m/z = 753.3 [M + H]",
7753 [M + Na]*, 7923 [M + K] *.— Cs;HyuN,O, - 2 H,0
(752.94): calcd. C 86.14, H 5.89, N 3.72; found C 86.49, H 6.51,
N 3.01.

Rotaxane 14 and Axle 12

[2{V,)V'-Bis|4-(triphenylmethyl)phenyl|bibenzyl-4,4’ -dicarboxamide} -
{10-tert-butyl-4,16,22,34,48,49,52,53-octamethyl-6,14,24,32-tetra-
azanonacyclo[36'-1.51:1,519:19 22,5 215,18 20,23 233,36 18,12 126,30|hex a-
pentaconta—2,4,8,10,12(55),15,17,20,22,26,28,30(56),33,35,47,49,
51,53-octadecaene-7,13,25,31-tetraone}rotaxane (14): Colourless
solid, yield 6 mg (2%), mp. 250°C, Ry = 0.68 (petroleum ether/ethyl
acetate/methanol, 8:2:1). — 'H NMR (250 MHz, CDCls, 20°C):
6 = 138 [s, 9 H, C(CH3);], 1.50 (br, 4 H, CH,), 1.63 (br, 8 H,
CH,), 1.88 (s, 24 H, CHj3), 2.31 (br, 8 H, CH,»), 2.97 (s, 4 H, CH,),
6.85—7.31 (signal group, 46 H, ArH), 7.47 (t, 3J = 7.7 Hz, 1 H,
Iso-H), 8.09 (d, 3J = 7.7 Hz, 2 H, Iso-H), 8.19 (s, 2 H, ¢-Bi-iso-H),
8.32 (s, 1 H, t-Bi-iso-H), 8.44 (s, 1 H, Iso-H). — '3C NMR (100.6
MHz, CDCls): 6 = 18.86 (ArCH3), 23.08, 26.52, 34.98 (cy-CH,),
35.38 (CH,), 29.46 [C(CH3)3], 31.35 [C(CHs3)5], 45.27 (cy-C), 64.72
[C(Ph)y], 119.97, 124.79, 124.83, 124.92, 126.01, 126.44, 126.65,
127.21, 127.68, 129.67, 129.85, 130.18, 131.14, 131.18, 131.54,
132.88, 133.74, 133.99, 135.14, 135.62, 143.40, 14491, 146.76,
147.24, 148.44, 153.40, 165.34, 167.15, 171.33 . — MALDI TOF:
mlz = 1867.4 (M + H]") 1890.4 [M + Na]*, 19064 [M + K]*. —
Ci30H24NgOg - H,O (1866.40): caled. C 83.66, H 6.70, N 4.50;
found C 82.95, H 6.84, N 4.23.

N,N'-Bis|4-(triphenylmethyl)phenyl]bibenzyl-4,4'-dicarboxamide
(12): Colourless solid, yield 70 mg (48%), mp. 230°C, R; = 0.71
(petroleum ether/ethyl acetate/methanol, 8:2:1). — '"H NMR (250
MHz, CDCl;, 20°C): 6 = 2.87 (s, 4 H, CH,), 7.02—7.31 (signal
group, 38 H), 7.67 (d, 3J = 8.75 Hz, 4 H, ArH), 7.85 (d, 3J = 8.75
Hz, 4 H, ArH). — '3*C NMR (100.6 MHz, CDCIl5/CD;0D): § =
37 (CH,), 65.34 [C(Ph),], 119.24, 126.47, 127.97, 128.16, 129.00,
131.83, 131.99, 134.39, 138.57, 142.37, 145.68 (Cq), 147.79,165.41.
— MALDI TOF: m/z = 905.3 [M + H]", 927.3 [M + Na]", 944.2
[M + K]*. = CgHs,N,0,; (905.13): caled. C 87.58, H 5.79, N 3.09;
found C 87.56, H 5.71, N 2.93.
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General Bromination Reaction: 0.16 mmol each of the rotaxane and
the axle were dissolved in 20 mL of trichloromethane. Under ex-
clusion of light a solution of 0.16 mmol of bromine in 40 mL of
trichloromethane was added dropwise. After 50 h under exclusion
of light the excessive bromine and the solvent were removed in
vacuo. The crude product was purified by column chromatography
(SiO,; 63—100 pum).

Rotaxane 10 and Axle 8

[2]{V,N'-Bis|4-(triphenylmethyl)phenyl]-2,3-dibromosuccindiamide}-
{10-tert-butyl-4,16,22,34,48,49,52,53-octamethyl-6,14,24,32-
tetraazanonacyclo[36'-1.51-1,519:19 22,5 215,18 220,23 233,36 18,12 126,30]_
hexapentaconta-2,4,8,10,12(55),15,17,20,22,26,28,30(56),33,35,47,
49,51,53-octadecaene-7,13,25,31-tetraone}rotaxane (10): Colourless
solid, yield 27 mg (9%), mp. 268°C, R; = 0.34 (trichloromethane/
ethyl acetate/n-hexane, 5:3:1). — 'H NMR (250 MHz, CDCly/
CD;0D, 20°C): & = 1.37 [s, 9 H, C(CHs);], 1.46 (br, 4 H, CH»),
1.57 (br, 8 H, CH,), 1.95 (s, 12 H, CH3), 1.98 (s, 12 H, CHj), 2.20
(br, 8 H, CH>), 3.31 (s, 2 H, CHBr) 6.70 (d, 3J = 8.6 Hz, 4 H,
ArH), 7.21 (s, 8 H, ArH), 7.02 (d, 3J = 8.6 Hz, 4 H, ArH),
7.07—7.21 (signal group, 30 H, ArH), 7.45 (t, 3J = 7.7 Hz, 1 H,
Iso-H), 7.81 (d, 3J = 7.7 Hz, 2 H, Iso-H), 7.93 (s, 2 H, -Bi-iso-H),
7.98 (s, 1 H, ¢-Bi-iso-H), 8.03 (s, 1 H, Iso-H). — '3C NMR (100.6
MHz, CDCI5/CD;OD): 6 = 17.62 (ArCHj3), 23.15, 26.68, 35.39
(cy-CHs), 29.87 [C(CHjs)3], 31.30 [C(CH3)s], 45.28 (cy-C), 64.99
[C(Ph),], 121.96, 126.14, 126.44, 127.77, 127.91, 129.02, 129.19,
130.57, 131.13, 131.20, 131.35, 131.77, 131.91, 131.98, 132.02,
133.23, 134.55, 134.87, 135.56, 144.31, 146.26, 146.99, 152.92 ,
165.74, 166.20, 171.28. — MALDI TOF: m/z = 1871.99 [M + H]*
1895.0 [M + Na]*, 1911.0 [M + K]*. — Cy;3H;14Br;N¢O¢ - H,O
(1871.99): caled. C 75.71, H 6.14, N 4.49; found C 75.38, H 6.27,
N 4.19.

N,N'-Bis|4-(triphenylmethyl)phenyl]-2,3-dibromosuccindiamide
(8): Colourless solid, yield 33 mg (23%), mp. 125°C, R; = 0.65
(dichloromethane/ethyl acetate, 10:1). — 'H NMR (250 MHz,
CDCI5/CD;0D, 20°C): 8 = 3.18 (s, 2 H, CHBr), 6.75 (s, 8 H,
ArH), 6.95 —7.01. — MALDI TOF: m/z = 910.2 [M + H]" 931.2
[M + Na]*, 947.1 [M + K]*. — Cs4H,»Br>N,0, - 2 H,0 (910.71):
caled. C 71.22, H 4.65, N 3.08; found C 71.09, H 4.93, N 2.74.

Rotaxane 15 and Axle 13

[2{IV, N'-Bis{4-(triphenylmethyl)phenyl}-o,a’-dibromobibenzyl-4,4'-
dicarboxamide} {10-zert-butyl-4,16,22,34,48,49,52,53-octamethyl-
6,14,24,32-tetraazanonacyclo[361-1.51-1,51%:19 22,5 215,18 220,23 233,36
1812,126.30|hexapentaconta-2,4,8,10,12(55),15,17,20,22,26,28,30(56),
33,35,47,49,51,53-octadecaene-7,13,25,31-tetraone}rotaxane  (15):
Colourless solid, yield 22 mg (7%), mp. 260°C, Ry = 0.47 (tri-
chloromethane/ethanol, 9.2:0.8). — '"H NMR (250 MHz, CDCl,/
CD;0D, 20°C): 6 = 1.35[s, 9 H, C(CH3)3], 1.50 (br, 4 H, CH,),
1.67 (br, 8 H, CH,), 1.98 (s, 24 H, CH3), 2.26 (br, 8§ H, CH,), 5.47
(s, 2 H, CHBr), 6.85 (d, 3J = 7.4 Hz, 4 H, ArH), 7.11—7.39 (signal
group , 42 H, ArH), 7.45 (t, 3J = 7.7 Hz, 1 H, Iso-H), 8.08 (d,
3J = 7.7 Hz, 2 H, Iso-H), 8.21 (s, 2 H, #-Bi-iso-H), 8.32 (s, 1 H, t-
Bi-iso-H), 8.42 (s, 1 H, Iso-H). — '3C NMR (100.6 MHz, CDCls):
6 = 14.13 (ArCHs), 21.00, 25.29, 34.01 (cy-CH,), 29.61 [C(CH3)s],
30.10 [C(CH3)3], 43.77 (cy-C), 53.40, 56.72 (CHBr), 64.01 [C(Ph)g4],
113.14, 120.32, 120.57, 120.69, 126.14, 126.36, 126.59, 127.79,
127.95, 128.52, 129.34, 130.74, 130.86, 130.91, 131.26, 131.44,
132.39, 132.57, 133.46, 133.68, 133.71, 133.85, 134.65, 141.15,
145.18, 145.49, 145.97, 162.12, 164.22, 171.09. — MALDI TOF:
mlz = 2025.86 [M + H]* 2047.52 [M + Na]*, 2064.22 [M + K]*.
— Cy30H2:BroNgOg + 2 H,O (2024.14): caled. C 77.14, H 6.07, N
4.15; found C 76.51, H 5.88, N 3.95.
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N,N'-Bis|4-(triphenylmethyl)phenyl|-0,0’-dibromobibenzyl-4,4’-di-
carboxamide (13): Colourless solid, yield 28 mg (17%), mp. 155°C,
Ry = 0.55 (petroleum ether/ethyl acetate/methanol, 8:2:1). — 'H
NMR (250 MHz, CDCl5/CD;0D, 20°C): 6 = 4.59 (s, 2 H, CHBr),
7.10—7.21 (signal group, 38 H), 7.41 (d, 3J = 8.68 Hz, 4 H, ArH),
7.56 (d, 3J = 8.68 Hz, 4 H, ArH). — FAB-MS: m/z = 1063.2
[M + H]*. — CgHsoBr,N,O5 - 3 H,O (1062.91): caled. C 74.58, H
4.74, N 2.64; found C 74.12, H 4.92, N 2.39.

Rotaxanes 16 and 11: At room temperature 1.6 mmol triethylamine
were added dropwise to a solution of 0.08 mmol of rotaxane in 30
mL of dichloromethane. The mixture was then refluxed for 32 h.
After evaporating the solvent the crude product was purified by
column chromatography (SiO,; 63—100 pm).

Rotaxane 16 and Axle 11

[2I{N,N'-Bis|4-(triphenylmethyl)phenyl]diphenylacetylene-4,4'-di-
carboxamide} {10-zert-butyl-4,16,22,34,48,49,52,53-octamethyl-
6,14,24,32-tetraazanonacyclo[36'-1.51-1,51919 22,5 215,18 220,23 233,36
1312,126:30|hexapentaconta-2,4,8,10,12(55),15,17,20,22,26,28,30(56),
33,35,47,49,51,53-octadecaene-7,13,25,31-tetraone}rotaxane  (16):
Colourless solid, yield 30 mg (20%), mp. 197°C, R; = 0.72 (tri-
chloromethane/ethanol, 9.2:0.8). — "H NMR (250 MHz, CDCls/
CD;0D, 20°C): & = 1.28 [s, 9 H, C(CH;);], 1.32 (br, 4 H, CH,),
1.63 (br, 8 H, CH»), 1.98 (s, 24 H, CH3), 2.31 (br, 8 H, CH,), 6.80
(d, 3J = 7.4 Hz, 4 H, ArH), 7.11—7.39 (signal group, 38 H, ArH),
7.56 (d, 3J = 8.1 Hz, 4 H, ArH), 7.68 (d, 3J = 8.1 Hz, 4 H, ArH),
7.79 (t, 3J = 7.7 Hz, 1 H, Iso-H), 8.07 (d, 3J = 7.7 Hz, 2 H, Iso-
H), 8.21 (s, 2, t-Bi-iso-H), 8.32 (s, 1 H, #-Bi-iso-H), 8.42 (s, I H,
Iso-H). — '3C NMR (100.6 MHz, CDCl5): § = 14.23 (ArCHj),
18.80, 23.91, 31.43 (cy-CH,), 29.86 [C(CH3)s], 30.52 [C(CH5)s5],
45.34 (cy-C), 53.30, 56.12 (CHBr), 64.79 [C(Ph)4], 91.20 (C=C),
113.14, 120.01, 123.69, 125.89, 126.24, 126.41, 127.18, 127.73,
127.91, 128.97, 131.05, 131.22, 131.38, 131.75, 131.81, 132.39,
132.57, 133.46, 133.68, 134.23, 134.79, 135.33, 146.73, 147.21,
147.51, 153.20, 165.12, 166.230, 168.09. — MALDI TOF: m/z =
1862.49 [M + H]*, 1884.3 [M + Na]*, 19024 [M + K]*. —
Ci30H150NgOg + 3 H>O (1862.37): calcd. C 83.88, H 5.95, N 3.00;
found C 82.4, H 6.08, N 3.23.

N,N'-Bis|4-(triphenylmethyl)phenyl]acetylenedicarboxamide
MALDI TOF: m/z = 1710 [M+H]".
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