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ABSTRACT

Inclusion of achiral carbene precursor endo-8-azibicyclo[3.2.1]octan-3-ol (1) in chiral S-cyclodextrin (7-Cy) and tri-O-methyl-f-cyclodextrin
(TRIMEB) leads to 1:1 complexes 1@7-Cy and 1@TRIMEB, respectively. The combined methods of induced circular dichroism, NMR spectroscopy,
and X-ray structure determination were employed for the first time for structural elucidation of the complexes in solution and the solid state.
Significantly different orientations of 1 were observed. Compared with 1@7-Cy, 1@TRIMEB exhibits a different guest orientation and an association

constant one-twentieth lower.

Cyclodextrins (Cy) have successfully been used in supra-to reach this goal by complexation of the carbene precursor.
molecular carbene chemistry to modify the course of the As a guest, we useendo-8-azibicyclo[3.2.1]octan-3-ol (1)

reaction of included guestsOne aim of our research is to

because of its size and the known chemistry of the parent

find new reaction pathways inside host molecules, for carbene.

example to enhance the intra- and innermolecular selectivity During the investigation of aziadamantane complexes, we
of C—H insertions of carbenes. Since, in a confined space, recognized that the generated carbenes, among other reac-
reactive species cannot react indiscriminately, we expectedtions, tend to attack the hydroxy groups of the cyclodextrins
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employed-? Therefore, heptakis(2,3,6-1@-methyl){3-cyclo-
dextrin (TRIMEB) was used as a host with an anticipated
reduced inner reactivity toward carbenes. TRIMEB was
prepared fronf-cyclodextrin 7-Cy) with methyl iodide and
NaH in DMSO? Its purity was established by careful
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integration of the signals for the methyl groups in fire of the observed compound B. A and B are the concentrations
NMR spectrum and by ESI-MS. As a model guest com- of the two components):

pound, symmetricaéndo-8-azibicyclo[3.2.1]octan-3-ol (1)

was synthesized from bicyclo[3.2.1]oct-2-en-8-one ethylene A5 = 0.5A0,,,{(A + B+ (1/K)) — [(A + B + (1/K))> — 4AB]?/B
acetal, which was prepared by condensation of an enamine

derive.d from cyclopen.tanone with acroléirAfter regﬁq- A binding constant of 11 208- 3000 M! was obtained
select|v_e oxymercur_anér_\(?l%) gnd Schmitz_ diazirine observing the shift of Klin D,O. The relatively large devi-
synthesig,1 was obtained in 61% yield. The complexes were ation is due to the fact that is large, and at the concen-
;orn:r(]ad by mixing guetst an_g hqs; toge,\tlhertlr_n t?e soI:{ent usGdtrations needed for NMR measurements, full complexation
or the measurements (vide Infra). Next, infarmation was almost always prevails. Therefore, this experiment was re-

E'athertﬁd abOIL:t trf]e gei)mettry lc_)f thet. obtt_alne;jthcompleTes.peated in QO/MeOD 90/10 in order to obtain a more accu-
ere, the results of our sructural investigation ot the COMPIEX 540 /g ye. As expected, in this solvent mixture the complex

bet\{[vedenll ;nd 7t- Cdy atr; dtr;r .RLMEBd’ r_esplecth\{elk)‘/ , are p|r§|-:) is weakened and gives rise takaof 2900+ 600 M.
seg eNi\/lg 'S S;J Y, 00 |r|;$JE(eSYC|r§ub§r c'jc roism (ICD) These measurements also provide information about the
an spectroscopy ( , Job’s diagram) were geometry of the complex: in the presenc&ety, all signals

employed: of 1 are shifted, especiallygfnd Hs,, whereas Ig;, produces
the smallest changes (less than 0.03 ppm). The guest too

NTN H causes changes in the chemical shift of the host, but only
He &1 for Hg and H;. Changes in the shift of the-Cy protons H,
Hp Hez H,, and H, which are located on the outside of the cavity
Hp HO Ha (Figure 2), are not observed. These results show hat
1 totally entrapped in the cavity and that no other association

complexes are formed.

First, the interaction betweeinand7-Cy was investigated.
For this purpose, the stoichiometry was determined by the
method of continuous variations (Job’s methdd)line
samples of a mixture of host and guest were prepared, and
the total concentration was kept constant at 8.81 mM. As a
consequence of the lack of solubility of the diazirihén
pure water, this measurement was performed in the presence
of 10% methanol. The position of the maximum at a mole
fraction of 0.5 indicates a 1:1 stoichiometry (Figure® 1.

0.5
0.4 —e—HA Figure 2. Proposed geometry fdr@7-Cyin solution according
= —m—H5 to NMR experiments.
E 03]
§
JQ 0.2 | 2D ROESY experiments offer a second possibility to
3 investigate the complex by NMR spectroscopy. B@?7-
0.11 Cy, no intense intermolecular cross-peaks with Were
0 ‘ ‘ observed. Hishows cross-peaks with all other guest protons,
0 0.25 0.5 0.75 1 whereas H gives only one strong signal withgd Hence,
Mole fraction of 7-Cy Ha is close enough to the cyclodextrin inner wall to undergo

Figure 1. Job's diagram fod @7-Cyin D,O/MeOD 90/10, with changes in the chemical shift. However, its intermolecular
[1]o + [7-Cy]o = 8.81 mM for a proton of the guest and of the
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NOE is only 25-35% of the NOE of the other guest protons when included in TRIMEB, whereas they are more exposed
to Hs; and H; of 7-Cy. These observations imply that the to the hydroxy groups in thé-Cy complex. The association
hydroxy group ofl is located on the wider rim of-Cy and constant was calculated from the concentration dependence
the diazirine group is not very deeply submerged into the of Ae (Figure 4) K = 550+ 60 M1, Ae,, = 0.127,T =
cavity, but close to the secondary OH-groups as shown in
Figure 2. This is also corroborated by the ICD spectrum of || N N NG
1@7-Cy, which is quite typical for a diazirine in a polar
solvent.

1@7-Cywas also analyzed by induced circular dichroism
(ICD) to support the previous results. The investigation of
the complex was performed in water and ipQAEtOH 70/
30 as well. A positive Cotton effect and a linear Scatchard
plot'* were observed for both solvents. This also confirms
the formation of a 1:1 complex. The data were then treated
by the curve fitting method using the ICD version of the
general equation (B is the concentration of the compound
bearing the chromophore):

Figure_4. Curve fitt_ing of the ICD data for the complex formation
Ae =0.5Ac[(A + B+ (1/K)) — (A+ B+ (LK) — 4AB))1/2]/B of 1 with TRIMEB in water at 293 K (L], = 0.59 mM).

The calculated points were fitted to the experimental points 293 K). This proved that TRIMEB is still able to include
by minimizing the sum of the squares of their difference but that the complex is strongly weakened by a factor of 20,
using the quasi-Newton method from the Solver Add-in of when compared with@7-Cy. The value foK is confirmed
Excel! An association constant of 768 100 M was by NMR experiments (Figure 5K(= 460+ 60 M2, Admax
obtained in water/ethanol 70/384.. = 0.099) and of 10 700
+ 2000 Mt in water (Ae., = 0.0815), respectivelyAe,, is _
larger than the one observed with aziadamantané-@y
(A€ = 0.057)1® but the compleXt@7-Cyis considerably
weaker (aziadamantane@7-C = 61504+ 300 M in
water/ethanol 70/30%. This is probably due to the hydroxy
group of diazirinel that enhances the solubility @fin polar
solvents.

Of even more interest was the question of whether the
permethylateg-cyclodextrin (TRIMEB) also could be used
as a host foll. Therefore, the corresponding complex was
prepared and the experiments repeated as described before
with 1@7-Cy. When compared witi@7-Cy the ICD
spectrum displayed a more detailed fine structure (Figure 3)
and the major band was bathochromically shifted by 6 nm. Figure 5. Association constant determination fc@ TRIMEB in
This shows that the diazirine nitrogen atoms are placed in aP20 for Hs at 300 K ([TRIMEB], = 1.26 mM).
more apolar environmetitand are shielded from the solvent

= 0.236 ppm for H T = 300 K). This means that under the
_ reaction conditions applied (1 mM of a 1:1 mixture of host
and guest in water), only 26% of the diazirines are com-
plexed, while 74% are directly exposed to water molecules.
@7 In contrast to the results obtained witkCy, where only H
0.1 y and H; showed changes in the chemical shift (0.11 and 0.12
ppm, respectively), the outer protons,(Hi,, and H)) also
experience a significant chemical shift change in the range
of 0.09—0.11 ppm. This is in the same range that was
observed for K (0.113 ppm) and is probably due to
conformational changes upon complexatién.

0.12 1 1@TRIMEB

Ag (/(mol.cm))

320 340 A%ﬁ?n) 380 400 (11) Machuca-Herrera, J. @. Chem. Educl997,74, 448.
(12) Zielinski, T. J.; Allendoerfer, R. Dl. Chem. Educl997,74, 1001.
. . . Gonzélez-Gaitano, G.; Tardajos, &.Chem. Educ2004,81, 270.
Figure 3. ICD of 1 by complex formation witfy-Cy and TRIMEB (13) Salvatierra, D.; Diez, C.; Jaime, &.Inclusion Phenonl 997,27,
(extrapolated) in water. 215.
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The ROESY spectrum confirms the presence of an crystal was grown in BD at a concentration of 14 mM at
inclusion complex and the absence of an association complex30 °C. Its structure (orthorhombic, space groep2,2;, a
since no signals are observed with the outer protopartd = 11.188(2) A,b = 25.291(2) A,c = 29.152(5) AR, =
H,. It also shows thal is oriented differently in TRIMEB 0.0517) is isomorphous to the Ub phase described by
than in7-Cy. In 1@TRIMEB, not only H; but also H are Cardinael et alk® a type of packing also found for the
in the neighborhood of several guest protons, with the complex of TRIMEB with other molecule€8:222The guest's
resonances for fexhibiting higher intensities. Hseems to OH-hydrogen binds to an oxygen atom of one of the
be the deepest embedded proton, since it gives rise to a wealglycosylidic bonds. None of the guests atoms exhibits
signal with Hyes. And Hs produces a small signal withdH disorder. Compoundl takes only one position in the
and Hs;. An interesting observation is also that in contrast TRIMEB cavity. The whole guest molecule lies above the
to the geometry ol@7-Cyin solution, even K produces plane formed by the intersaccharidic atoms)(@ear the
strong cross-peaks withsHand H. This suggests that tri-  wider rim. Both nitrogen atoms of the diazirine group display
O-methyl-3-cyclodextrin protects the alcohol functionlof  short contacts with the neighboring complex, one with a
from water better than the underivatiz&eCy. The guest methyl group of the narrower rim and two others with. H
proton with the smallest cross-peaks ig;Hvhich is located The hydrophilic part ofl is included in the cavity, whereas
close to the upper rim of the cyclodextrin cavity. Thus, in the more hydrophobic diazirine group is located near the
this case it is suggested that the diazirine ring is located atlipophilic methyl groups. This structure is confirmed by
the bottom of the cyclodextrin near the narrower rim. In the molecular models which find for TRIMEB anversehydro-
TRIMEB complex, cross-peaks were also observed with H phobicity when compared with the underivatized cyclo-
This is likely caused by ROE-TOCS¥from Hs; and H; as dextrins?® The tilt angles between the glucose units belong
it was observed earliéf:'® Figure 6 shows the suggested to the same structural grotfas the corresponding methyl-
orientation ofLI@TRIMEB derived from the NMR data. cyclohexane@TRIMEB complex. This means thatloes
not induce a particular fit with the host. TRIMEB simply
embeds the guest in the most adapted of the possible
conformation$®

It has been shown thdtforms a 1:1 inclusion complex
with 7-Cy and TRIMEB. In the TRIMEB complex in the
solid state, the orientation of the diazirine and the hydroxy
group oflis in the opposite direction when compared with
the results for the major structure of the complex in solution.
Moreover, when compared witi-Cy, the permethylation
of the host also causes reorientation of the guest molecule
and a strong weakening of the complex by a factor of 20.
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1@TR|MEB has been found to CrySta”ize in a 1:1 Crysta”ographic data, ROESY spectra m@?-Cy and
stoichiometry (Figure 7). This is only the second time that 1 @TRIMEB, K for 1@7-Cy; a spreadsheet for the nonlinear
the complex of a diazirine in a cyclodextrin has been cyrve fitting of the NMR, and the ICD titration experiments.
examined by a single-crystal X-ray structdfeA single-  This material is available free of charge via the Internet at
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Figure 6. Proposed geometry fol@TRIMEB in solution
according to NMR experiments.
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