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Cryptands with di-yne units were obtained in good yields by the acetylenic homocoupling reaction of
tripodands possesing terminal ethynyl units on the pendant arms. The coupling reactions also led to iso-
meric bismacrocylic compounds, and the shifting of the process toward the products of intramolecular or
intermolecular coupling reactions was influenced by the structure of tripodands and by the coupling
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The synthesis of three-dimensional, cage-like molecules is of
interest in the field of supramolecular chemistry.! A large amount
of work has been dedicated toward the investigation of molecules
with a well-defined cavity, especially for their potential binding
properties.! Due to their relative rigidity, buta-1,3-diyne-diyl spac-
ers represent a secure building block for the construction of such
three-dimensional molecular frameworks. Cryptands bearing this
structural unit have already proved to be useful in the study of
host-guest complexes.”* Despite their obvious potential, access
to these cage architectures is somewhat limited due to the lack
of consistent information on oxidative homoacetylenic coupling
as a synthetic pathway for the one-pot macrocyclization reaction.

As part of our work in this direction, we decided to investigate
the macrocyclization reaction of tripodands with different C; cen-
tral units and similar pendant arms exhibiting terminal triple
bonds (I) and to monitor the formation of the corresponding crypt-
and-like compounds (II, Fig. 1). Symmetric tris-heteroaromatics
are interesting skeletons® for capping cage molecules. Trithienyl-
methanophanes were reported by Oda,’ the thiophene rings being
bridged by alkene groups. The triphenylamine capping unit is
known for its fluorescence properties and its tri-amino derivative
has been reported by Vogtle as a precursor for the synthesis of a
bismacrocycle.® The third target external unit (Fig. 1) bears three
1,3-dioxane groups (the linkage points are situated in the ketal
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part of the heterocycles), and was reported by our group’ as a pos-
sible pre-organized synthon due to the conformational equilibrium
being shifted toward the conformer with the phenyl ring in an ax-
ial position for all three 1,3-dioxane units.

The proposed podands (I) exhibit favorable structures for the
building of cryptand-like architectures (II) due to the C3 symmetry
of the aromatic platforms, the presence of three terminal attach-
ment points with high reactivity (triple bonds), and the flexibility
of the pendant arms. In addition, they possess other advantages
such as being readily available and the reduced costs of starting
materials.

The synthesis of podands 4-6 started from the corresponding
alcohols 1-3° via nucleophilic substitution reactions with propar-
gyl bromide in a heterogeneous mixture of dichloromethane and
sodium hydroxide solution with tetrabutylammonium bromide
as a phase-transfer catalyst (Scheme 1). Podands 4-6 were isolated
in fair to good yields, either as oils in the case of triaromatic exter-
nal units (4 and 5; 90% and 87%, respectively), or as a solid in the
case of podand 6 (52%). The compounds were characterized in
solution by 'H and '>C NMR spectroscopy and by MS. The proce-
dure and the physico-chemical description of compounds 4 and 5
are provided in the Supplementary data section, while the synthe-
sis of 6 has already been reported.’

For podand 6, the solid state molecular structure was obtained
by single crystal X-ray diffraction measurements and the results
are reported in the Supplementary data section.'’

The three podands with terminal triple bonds were submitted
to Cu(I)-catalyzed acetylenic homocoupling reactions (Scheme 2).
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Figure 1. Target tripodands (I) and cryptands (II).

From the two variations of the Glaser coupling: Eglinton [Cu(I),
Cu(I)] and Hay [Cu(I), TMEDA, 0,],3* the preliminary studies and
our previous experiments'' proved that only the second procedure
was efficient in our hands and was the method of choice for access-
ing the target di-yne cryptands.

We considered it useful to investigate the conditions for the
acetylenic coupling reaction with podand 6, in order to determine
the optimum procedure for the synthesis of the cryptand-like com-
pounds. The identification of the possible products in the coupling
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reaction of 6 was accomplished by NMR spectroscopy. The reaction
led to mixtures of cryptand 9a and bismacrocycle 9b. These com-
pounds had close R¢ values in the majority of the investigated elu-
tion systems and hence monitoring of the reaction by TLC was
difficult. During the coupling reaction, the formation of a third
product with a significantly different R value than those of 9a
and 9b was observed. The intensity of the spot corresponding to
this compound increased at the beginning and diminished consid-
erably at the end of the reaction. This compound was successfully
separated and its structure determined using NMR data and single
crystal X-ray diffraction.!® The isolated compound was a macrocy-
cle (10, Scheme 3, Fig. 2) obtained via intramolecular acetylenic
coupling involving two of the pendant arms of the tripodand 6.
Macrocycle 10 is an intermediate in the formation of bismacrocy-
cle 9b.

In order to determine the optimum conditions for obtaining
these cryptands, the reaction was carried out using different cop-
per salts (CuCl or Cul), concentrations of the podand, and copper
salt/TMEDA ratios. The reactions were monitored by TLC and par-

Scheme 3.
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Figure 2. Solid state molecular structure of 10 (view of the asymmetric unit with
40% probability ellipsoids).

ticular attention was devoted to monitoring the intensity of the
spot belonging to macrocycle 10.

The best results for the synthesis of 9a were obtained with Cul
using a 1 mM solution of podand 6 and podand/Cul = 1/5 and Cul/
TMEDA = 1/17 ratios.'? After separation of the products the yields
were: 52% for cryptand 9a; 30% for bismacrocycle 9b, and 5% for
macrocycle 10. The structures of these compounds were confirmed
by NMR and MS analysis.

The coupling reactions carried out with podands 4 and 5 under
similar conditions'? resulted in the isolation of the corresponding
cryptands 7a and 8a in good to very good yields (42 and 61%,
respectively). No intramolecular coupling products (macrocycles
or bismacrocycles) were observed during the NMR and MS investi-
gations of the crude products of these reactions. Cryptands 7a and
8a exhibit symmetric structures, as evidenced by the number of
signals in their NMR spectra (see Supplementary data section).
Cryptands 8a and 7a could exhibit in and out isomers with respect
to the orientation of the pair of electrons on the N atoms (for 8a) or
of the ethyl group located on the corresponding C atoms (for 7a)
being inside or outside the cage of the cryptand. For 8a only the
out-out isomer is possible, while for 7a the NOESY spectrum,
showing no relevant correlations, also suggested formation of an
out-out isomer.

The solid state molecular structure of 10 (Fig. 2)'° revealed a pe-
culiar arrangement in which the 1,3-dioxane rings attached to the
macrocycle were located on the same side of the central aromatic
unit, while the third heterocycle is in the opposite orientation. The
1,3-dioxane ring of the free pendant arm is oriented toward the
diyne group and this position is consolidated due to C-H---7t con-
tacts (the distance between the H atom of the equatorial methyl
group and the centroid of the diyne moiety is d =2.872 A). The
asymmetric unit consists of half of the formula unit, the molecule
being on a crystallographic mirror plane containing the free prop-
argyl pendant arm and bisecting the diyne bridge and the central
aromatic ring.

In the crystal state (Fig. 3), the molecules are associated through
C-H---m interactions involving the diyne bridge of each molecule
and one of the equatorial hydrogen atoms on each of the heterocy-
cles placed on the same side of the central aromatic ring of neigh-
boring molecules [d(C'>'*)centroid---H% = 2.92 A].
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Figure 3. Arrangement of the molecules in the lattice of 10 [close-up view of the
C-H--m and C-H--O interactions (A) and views along the c (B) and a (C)
crystallographic axes].

Further bridging C-H---O interactions between one methylenic
hydrogen atom of the diyne bridge and one oxygen atom of each
of the heterocycles placed on the same side of the central aromatic
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ring resulted in a three dimensional supramolecular arrangement
d(0".-H'®)=2.62 A, C'2-H"'?8...0"" = 173.6(2)°, and d(0*--H'?®)
=2.62 A; C'2-H'?...0*" = 124.7(2) (Fig. 3).

In summary, the acetylenic homocoupling reaction was suc-
cessfully used for the synthesis of cryptands with triphenylamine,
trithienylmethane, and 1,3,5-trisubstituted-benzene units. The
competition between the intermolecular and intramolecular cou-
pling reactions, resulting in the formation of the cryptand and an
isomeric bismacrocyclic derivative (via the macrocyclic intermedi-
ate 10) was monitored by TLC for tripodand 6, and the homocou-
pling reaction conditions were optimized in order to improve the
yields for the synthesis of cryptand 9a.
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General procedure for compounds 7-9. To a 1 mM solution of podand (0.1 mmol)
in CH,Cl, (100 mL, dried over anhydrous MgSO,4 and molecular sieves 3 A), Cul
(0.5 mmol) and TMEDA (1.7 mmol, 154 mg) were added under anhydrous
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while bubbling dry air (O,) through a CaCl, tube. The resulting mixture was
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The organic phases were combined and the solvent removed under vacuum.
The residue was subjected to column cromatography for purification.
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