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Studies on catenanes, rotaxanes, and related topologically or
sterically constrained oligomolecular supermolecules1,2 expand
chemistry toward materials science as well as biology.2,3

Cyclodextrins have been versatile building blocks in this
respect.4 We report here on synthetic and structural studies of
non-natural B12 derivatives, one of them an asymmetric orga-
nometallic rotaxane.5 These amphiphiles have a novel built-
in, conformationally adaptable “hydrophobic gap”6 and appear
to provide first examples of a structurally characterized “mo-
lecular spring”.7

From addition of a deoxygenated aqueous solution of (12′-
bromododecyl)-cob(III)alamin (3) and of a 10-fold excess of
R-cyclodextrin (R-CD) to an aqueous and oxygen-free solution
of an equivalent of electrochemically produced cob(I)alamin
(2-), the light-sensitive rotaxane5 could be obtained in 50%
yield (see Figure 2).8 NMR spectra (recorded at ambient
temperature)9 revealed an asymmetric overall structure for this

diamagnetic [2]-rotaxane, with an effectively 6-fold symmetric
R-cyclodextrin torus, an axis provided by a dodecamethylene
chain and stoppered by two cob(III)alamin units. UV/vis and
CD spectra9 exclude conformationally perturbed organometallic
B12 moieties, indicated by ROESY spectra to be both bound at
their â-side. From such spectra of solutions of5 in H2O or in
D2O, time-averaged close contacts of alkyl chain and of
cyclodextrin endo-hydrogens can also be deduced (see Figure
3), while they do not indicate any contact of these hydrogens
with bulk water.
The dimer4 was obtained as a side product of5 or, in over

70% yield, from reaction of cob(I)alamin (2-) with 0.5 mol
equiv of 1,12-dibromododecane.8 Of the spectroscopic data for
4, the positions of the13C signals of the dodecamethylene chain
are notable (see Table 1). When compared to the corresponding
signals of rotaxane5 in aqueous solution, in the13C spectrum
of 4, all signals of the alkyl chain are shifted upfield (up to 3.2
ppm, see Figure 3), in a position-dependent manner. These13C
chemical shift differences can be quantitatively accounted for
by a conformational model, revealing the presence of charac-
teristic conformational differences within the alkyl chains of4
and of5:10 Rotaxane5 largely accommodates the dodecameth-
ylene chain of its organometallic moiety with anti conformations,
but with a high probability of a gauche conformation at the
(Cδ/Cε) or (Cε/Cê) bond, near the wider opening of theR-CD
torus. In contrast, in the amphiphilic dimer4, gauche confor-
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(10), 2827.4 (11), 2826.4 (9, (M+ 1)+ ) C136H201Co2N26O28P2+), 1329.3
(100).5: UV/vis (H2O) λmax (log ε) ) 289 (4.44), 316 (4.42), 347 (4.25),
511 (4.08); CD (H2O) λ (∆ε) ) 272 (13.5), 318 (8.4), 330 (-5.4), 358
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m/z(%) ) 3801.6, 3800.6 (0.1), 3799.7 (0.09), 3798.8 (0.07, (M+ 1)+ )
C172H261Co2N26O58P2+), 2722.4 (6), 1329.6 (100). For complete1H and
13C NMR data see the Supporting Information.

Figure 1. Structural formulas and symbols of aquocob(III)alamin cation
(left) and ofR-cyclodextrin (R-CD, right).

Figure 2. Schematic summary of the synthesis of (12′-bromododecyl)-
cob(III)alamin (3), dodecamethylene-1,12-dicob(III)alamin (4), and
rotaxane5.
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mations are indicated10 to prevail at all four (pairwise equivalent)
Câ/Cγ and Cδ/Cε bonds of the alkyl chain.11

Indeed, amphiphilic dimers, such as4, are molecules with a
unique built-in “hydrophobic gap”.5 Dimer 4 is indicated to
be contracted in aqueous solution (but less so in methanol)12

and to behave as a “loaded molecular spring”. In water, the
solvent exposed surface of the contracted lipophilic alkyl chain
of 4 appears to be reduced13 at the expense of about 3 kcal/mol
of gauche strain.14 On the other hand, in rotaxane5, the
organometallic moiety (4) is threaded by theR-CD torus and
shielded significantly from exposure to solvent water. Indeed,
it is indicated to contain a conformationally relaxed and more
extended dodecamethylene chain and accordingly, in5, the
threaded4 now represents a “relaxed molecular spring”.
Related effects of hydrophobic contacts may contribute to

the assembly of the reactants, crucial for the synthesis of the

rotaxane: from NMR spectra (D2O, 26°C) for 3 andR-CD, a
mean association constantK could be estimated (logK ) 3.3
( 0.3 M-1).15 This value, and the dependence of the yield of
5 and of 4 upon the concentration ofR-CD, indicates the
threaded complex3‚R-CD to alkylate cob(I)alamin (2-) about
one-third as rapidly as the uncomplexed monomer3 itself.
Accordingly, theR-CD moiety of3‚R-CD hardly inhibits the
reaction of the complexed organometallic bromoalkane with the
bulky cob(I)alamin (2-). In 3‚R-CD, the threaded bromodode-
cyl chain therefore appears to adopt an extended conformation
to a significant extent (see Figure 3).
The asymmetric photolabile16 organometallic4 [2]-rotaxane

5 and the alkyl-bridged dimer4 are remarkable low molecular
weight amphiphiles that have built-in “hydrophobic gaps”.6 This
latter structural feature provides the oligomethylene-bridged B12

dimer4with the properties of a “molecular spring”, which may
be “loaded” (as in4) or “relaxed” (as in5). Studies of such
molecules should contribute to the understanding of “hydro-
phobic forces”17aand “hydrophobic bonds”.17b Conformation-
ally adaptable groups that induce a “solvophobic contraction”18

(and the corresponding (re-)expansion) may enlarge the existing
repertoire of functional compounds2 and of synthetic strategies.3

The examination of such effects may contribute to the under-
standing of structures and reactivity of artificial supramolecular2

and natural biomolecular assemblies.7
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Table 1. Selected Signal Assignments from1H-NMR (500 MHz)a and13C-NMR (125 MHz)b Spectra of Dimer4 and Rotaxane5

dimer4 (D2O) dimer4 (CD3OD) rotaxane5 (alkyl chain) (D2O) rotaxane5 (R-CD moiety) (D2O)
13C 1H 13C 1H 13C unprimedc 13C primedc 1H unprimedc 1H primedc 13C 1H

R 28.43 0.57/1.42 31.94 0.65/1.45 31.60 31.04 0.29/1.39 0.36/1.19 CD6 62.13 3.39/3.63
â 33.38 0.13/-0.40 34.31 0.22/-0.30 34.21 34.29 0.23/-0.49 0.10/-0.44 CD5 74.20d 3.51
γ 32.01 0.95 32.28 0.85/1.00 32.30 34.98 0.65/0.97 0.47/0.50 CD3 76.34 3.67
δ 31.09e 0.87d 32.0 1.01d 32.39 34.33 1.02 0.81/0.90 CD4 84.11 3.50
ε 31.42e 0.99d 32.0 1.06d 32.91e 33.23e 1.09/1.12f CD2 74.07d 3.51
ú 31.20e 0.93d 32.0 1.03d 32.51e 32.70e 0.92/0.93f CD1 104.88 4.90

aHDO and CHD2OD as internal reference:δ(HDO)) 4.68 ppm,δ(CHD2OD)) 3.39 ppm.b Sodium 3-(trimethylsilyl)propionate as the external
reference.δ(CH3) ) 0 ppm.c Primed, unprimed indicates position of the specified atoms with respect toR-CD moiety.dNo individual assignment.
eTentative assignment.f No individual assignment to primed, unprimed position.

Figure 3. (left) Symbol for5 and NOE contacts of the aliphatic chain
with the cyclodextrin moiety (arrows). (right) Symbol for4 and
differences in13C chemical shifts of the signals of the corresponding
carbons of the aliphatic chain in4 and in5 [∆δ ) δ(5) - δ(4)].
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