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Studies on catenanes, rotaxanes, and related topologically or

sterically constrained oligomolecular supermolectAexpand
chemistry toward materials science as well as biofgy.
Cyclodextrins have been versatile building blocks in this
respect. We report here on synthetic and structural studies of
non-natural B, derivatives, one of them an asymmetric orga-
nometallic rotaxane. These amphiphiles have a novel built-
in, conformationally adaptable “hydrophobic g&ind appear

to provide first examples of a structurally characterized “mo-
lecular spring™”

From addition of a deoxygenated aqueous solution of (12
bromododecyl)-cob(lll)alamin3) and of a 10-fold excess of
a-cyclodextrin ¢-CD) to an aqueous and oxygen-free solution
of an equivalent of electrochemically produced cob(l)alamin
(27), the light-sensitive rotaxan® could be obtained in 50%
yield (see Figure 2J. NMR spectra (recorded at ambient
temperaturé)revealed an asymmetric overall structure for this
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Figure 1. Structural formulas and symbols of aquocob(lll)alamin cation
(left) and of a-cyclodextrin ¢-CD, right).
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fFlgure 2. Schematic summary of the synthesis of' {b®mododecyl)-
cob(lll)alamin @), dodecamethylene-1,12-dicob(lll)alamid),( and
rotaxanes.

by a hydrophobic segment placed between spacious hydrophilic moieties.

The By, derivatives4 and5 appear to be monomeric in solution; they have
a shorter lipophilic bridge than “bola-amphiphiles” (ref 6a,b). (a) Fuhrhop,
J.-H.; Kning, J.Membranes and Molecular Assemblies: The Synkinetic
Approach Stoddart, J. F, Ed.; The Royal Society of Chemistry: Cambridge,
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C]_72H261C02N25053P2+), 2722.4 (6), 1329.6 (100). For complehd and
13C NMR data see the Supporting Information.
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diamagnetic [2]-rotaxane, with an effectively 6-fold symmetric
o-cyclodextrin torus, an axis provided by a dodecamethylene
chain and stoppered by two cob(lll)alamin units. UV/vis and
CD spectr@exclude conformationally perturbed organometallic
B1, moieties, indicated by ROESY spectra to be both bound at
their 3-side. From such spectra of solutions5oih H,O or in

D,0, 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 productbr, in over
70% vyield, from reaction of cob(l)alamir2() with 0.5 mol
equiv of 1,12-dibromododecafieOf the spectroscopic data for
4, the positions of thé3C signals of the dodecamethylene chain
are notable (see Table 1). When compared to the corresponding
signals of rotaxan®& in aqueous solution, in thEC 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. THEse
chemical shift differences can be quantitatively accounted for
by a conformational model, revealing the presence of charac-
teristic conformational differences within the alkyl chainsdof
and of5:19 Rotaxanes largely accommodates the dodecameth-
ylene chain of its organometallic moiety with anti conformations,
but with a high probability of a gauche conformation at the
(COICe) or (Ce/CE) bond, near the wider opening of theCD
torus. In contrast, in the amphiphilic diméy gauche confor-
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Table 1. Selected Signal Assignments frotid-NMR (500 MHz) and**C-NMR (125 MHzp Spectra of Dime# and Rotaxan®

dimer4 (D;0) dimer4 (CD;0D) rotaxanes (alkyl chain) (D;0) rotaxanes (a-CD moiety) (D:O)

BC H 5C H 13C unprimed  °C primed 'H unprimed !H primed 3C H
o 2843 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
p 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 74.20 3.51
y 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
0 3109 o0.87 320 1.0¢ 32.39 34.33 1.02 0.81/0.90 CDh4 84.11 3.50
€ 31.4Z2 0.99 320 1.08 32.9F 33.23 1.09/1.12 CD2 74.07 3.51
¢ 3126 0.93 320 1.03 32.5F 32.7C 0.92/0.93 CD1 104.88 4.90

aHDO and CHROD as internal referencei(HDO) = 4.68 ppm 3(CHD,OD) = 3.39 ppm.> Sodium 3-(trimethylsilyl)propionate as the external
reference.d(CHz) = 0 ppm. ¢ Primed, unprimed indicates position of the specified atoms with respectd moiety.9 No individual assignment.

¢ Tentative assignmentNo individual assignment to primed, unprimed
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Figure 3. (left) Symbol for5 and NOE contacts of the aliphatic chain
with the cyclodextrin moiety (arrows). (right) Symbol fe¥ and
differences int3C chemical shifts of the signals of the corresponding
carbons of the aliphatic chain #hand in5 [Ad = 6(5) — o(4)].

mations are indicatéfito prevail at all four (pairwise equivalent)
CBICy and @/Ce bonds of the alkyl chaif!

Indeed, amphiphilic dimers, such dsare molecules with a
unique built-in “hydrophobic gap®. Dimer 4 is indicated to
be contracted in agueous solution (but less so in methi&nol)
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 reducEdat the expense of about 3 kcal/mol
of gauche straid? On the other hand, in rotaxang the
organometallic moiety4) is threaded by the--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 accordinghyg, ithe
threaded 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

(10) For the conformation dependence®E chemical shifts of oligo-
methylene carbons, see e.g.: (a) SaitoMdgn. Reson. Chenl986 24,
835-852. (b) Cheney, B. V.; Grant, D. Ml. Am. Chem. Sod 967, 89,
5319-5327.

(11) In 1,4-bis(Cg-cobalaminyl)butane, a fICs'-gauche conformation
is indicated for the tetramethylene bridge, see!Wla, B.; Daer, T.; Liu,
P.; Mihlecker, W.; Puchberger, M.; Gruber, K.; Kratky, Aagew. Chem.,
Int. Ed. Engl 1995 34, 84.

(12) For13C chemical shift data see Table 1.

(13) Van der Waals’ surfaces of the dodecamethylene chain: 244 A
(all-trans conformation) and 2322Awith four gauche conformations). (Eo

Co) distances: 14.1 and 11.1 A, respectively (Sybyl 6.2; Tripos Associates).

(14) A gauche conformation in an oligomethylene chain is associated
with about 0,8 kcal/mol strain (see e.g.: Quinkert, G.; Egert, E.; Griesinger
Ch. Aspekte der Organischen Chemiéerlag Chemie: Weinheim, Ger-
many, 1995).

position.

rotaxane: from NMR spectra g0, 26°C) for 3 anda-CD, a
mean association constaftcould be estimated (lof = 3.3

+ 0.3 M™1).15 This value, and the dependence of the yield of
5 and of 4 upon the concentration of-CD, indicates the
threaded comple8-a-CD to alkylate cob(l)alaminX~) about
one-third as rapidly as the uncomplexed monor@eiself.
Accordingly, thea-CD moiety of 3-a-CD hardly inhibits the
reaction of the complexed organometallic bromoalkane with the
bulky cob(l)alamin 27). In 3-a-CD, the threaded bromodode-
cyl chain therefore appears to adopt an extended conformation
to a significant extent (see Figure 3).

The asymmetric photolabile organometalli¢ [2]-rotaxane
5 and the alkyl-bridged dimet are remarkable low molecular
weight amphiphiles that have built-in “hydrophobic gaphis
latter structural feature provides the oligomethylene-bridged B
dimer4 with the properties of a “molecular spring”, which may
be “loaded” (as i) or “relaxed” (as in5). Studies of such
molecules should contribute to the understanding of “hydro-
phobic forces™72and “hydrophobic bonds!”® Conformation-
ally adaptable groups that induce a “solvophobic contracfidn”
(and the corresponding (re-)expansion) may enlarge the existing
repertoire of functional compourfiand of synthetic strategiés.
The examination of such effects may contribute to the under-
standing of structures and reactivity of artificial supramoleéular
and natural biomolecular assemblies.
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