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An efficient end-capping method for preparation of rotax-
anes by complexation of dicobalt hexacarbonyl and acetylene
moiety of the axle end is described here. The end-capping reac-
tion of pseudorotaxanes proceeds under mild conditions and fur-
nishes the expected rotaxanes bearing a transformable functional
group in high yield.

Rotaxanes, which consist of a macrocycle and dumbbell-
like axle, have received much attention as a component of mo-
lecular machines. Many methods for rotaxane synthesis have
been developed, and various functionalities to rotaxanes has
been introduced.1 Recently, end-capping or clipping approaches
to rotaxanes and the subsequent stopper-modification have been
reported. Transformation of phosphonium groups as a stopper
part of the axle into bulky alkenes by the Wittig reaction was
completed by Stoddart,2 and Leigh et al. succeeded in replace-
ment of a mechanically interlocking auxiliary via transesterifica-
tion reaction.3 Kihara et al. also reported the exchange of a stop-
per part by the Tsuji–Trost allylation reaction.4 However, these
methods have been capable of each accepting only one type of
reaction until now. Therefore, it might be difficult to introduce
various functionalities into a main skeleton of rotaxane using
the same methodology.

The use of the bimetallic alkyne complex has prevailed in
the literature on organic synthesis and organometallic chemistry
for a couple of decades. The complexes are commonly exploited
for unique reactivity. Among these examples, the Pauson–Khand
reaction,5 a familiar reaction that employs the acetylene–Co2-
(CO)6 complex, is useful to construct cyclopentenone. The Nich-
olas reaction6 using acetylene–Co2(CO)6 complex as a substrate
is a powerful method introducing functionalities at the �-posi-
tion of acetylene. Furthermore, hydrosilylation and decomplex-
ation of acetylene–Co2(CO)6 complex7 and a utility of the com-
plex as a protective group of acetylene8 have also been reported.
This paper describes an efficient method for preparation of rotax-
anes using acetylene–Co2(CO)6 complexation as a primary step
of end-capping and the subsequent stopper-modification of ro-
taxane.

Self-assembly formed from secondary ammonium salt and
crown ether is known to be effective for construction of rotax-
anes.1a,1b,1f,9 Synthesis of the requisite ammonium salts 3 used
in this procedure begins with condensation of aldehydes 1
and benzylamines 2 to generate the corresponding imines
(Scheme 1). Reduction of the imines, followed by salt formation,
then produces the key intermediates, ammonium salts 3, which
possess bulky aryl groups on one end and alkyne moieties at
the other.

Synthesis of rotaxanes by complexation of acetylene and di-
cobalt octacarbonyl was investigated. Treatment of acetylene 3a

with dicobalt octacarbonyl in the presence of two equivalents of
dibenzo[24]crown8 (DB24C8) afforded the corresponding ro-
taxane 4a10 in good yield. Typical results for various acetylenes
3 are shown in Table 1. High-temperature conditions and using
CH2Cl2–CH3CN (1:1) as a solvent, which enfeeble the hydrogen
bonding between the crown and the ammonium ion, decrease
the rotaxane yield (Runs 1–3). Other reactions are therefore
performed at 0 �C in dichloromethane, even though the reaction
mixtures are heterogeneous. The neighboring steric effects of
substrates were observed. Monosubstituted acetylenes, including
2-propyn-1-ol derivative 5,11 give the corresponding rotaxanes
in excellent yields (Table 1, Runs 1, 4, 5, and 9). In contrast, di-
substituted substrates afforded products 4 in moderate yields
(Table 1, Runs 6–8).12

The association constants of pseudorotaxanes are examined
using 3a and 3d as axles to obtain more information on the reac-
tion. The 1HNMR titration (500MHz, CD3CN–CDCl3 (1:1),
25 �C) of equimolar mixtures of 3 and DB24C8 (10mM) reveals
formation of pseudorotaxanes whose sharp signals are observed
independently. Integrations of the complexes and ammoniums 3
afford the apparent association constants Kexp,

13 respectively, as
in eq 1. The Kexp of the ammonium salt 3a, monosubstituted
acetylene, is 860� 190M�1. That of disubstituted acetylene
3d is 1700� 440M�1. Because these values are not related to
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rotaxane yields (Table 1, Runs 1 and 6), the yields depend on the
reactivity of pseudorotaxanes consisting of DB24C8 and the
ammonium ion, not the percentage of pseudorotaxane, that is,
the difference of reactivity between the ammonium ion and the
pseudorotaxane might be important.14

Kexp ¼
½pseudorotaxane�

½ammonium saltþ ammonium ion�½DB24C8�
ð1Þ

Recently, Takata et al. reported an end-capping synthesis of
rotaxane using Ru-catalyzed hydrosilylation of acetylene.15

However, they were unable to synthesize the rotaxane using
acetylene 3a as an axle part because of the neighboring bulkiness
of DB24C8 of pseudorotaxane. Accordingly, the long spacer
part between ammonium and the acetylene moieties needed to
achieve synthesis of the rotaxane by their hydrosilylation meth-
od. This kind of rotaxane synthesis might result in the reactivity
of metal complexes (catalysts) to the acetylene moiety of pseu-
dorotaxane, and might be sensitive to the neighboring bulkiness
because of large ligands of the complexes.

In conclusion, these results demonstrate that the reaction of
dicobalt octacarbonyl and acetylene of pseudorotaxanes affords
rotaxanes in high yields. This new technique for synthesis of
various rotaxanes is being explored through our ongoing studies
in this area.
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Table 1. Synthesis of rotaxanes by complexation of dicobalt
hexacarbonyl and acetylenesa

Run

1

2

3

4

5

6

7

8

9

Yield/%b

94 (63)c

99 (61)c

78 (55)c

77 (59)c

89 (53)c

78 (30)c

82 (63)c

66 (44)d

45 (40)e

Product

4a

4d

4e

4c

4f

4g

4b

4a

4a

Axle

3b: Ar = 4-tert-butylphenyl,
   R = H

3a: Ar = 3,5-dimethylphenyl,
   R = H

3d: Ar = 3,5-dimethylphenyl,
   R = CH3

3e: Ar = 3,5-dimethylphenyl,
   R = phenyl

3c: Ar = 9-anthryl, R = H

3f: Ar = 9-anthryl, R = phenyl

Ar N
H2

+

OH
PF6

-

Ar = 3,5-dimethylphenyl

3a: Ar = 3,5-dimethylphenyl,
   R = H

3a: Ar = 3,5-dimethylphenyl,
   R = H

5:

aAll new compounds were identified by 1H and 13CNMR, MS,
and IR spectra. bDetermind by 1HNMR spectra of crude products.
( ): isolated yield. Reactions were conducted at 0 �C–room tem-
perature using 2 equiv of DB24C8 and 1.2 equivalents of dicobalt
octacarbonyl. cReactions were performed at 0 �C in CH2Cl2.
dA reaction was performed at room temperature in CH2Cl2.

eA
reaction was performed at 0 �C in CH2Cl2–CH3CN (1:1).
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