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The diastereoselective synthesis and crystallographic struc-
tures of novel chiral bora-oxazino-oxazolidine derivatives
obtained from resorcarene and L-prolinol are described.

The synthesis of chiral resorcarenes is interesting not only for
the preparation of novel chiral supramolecular ligands but also
for their potential use in the study of chiral discrimination as
well as their application as chiral catalysts for asymmetric
reactions.

At present, several examples of chiral resorcarenes are
known.1 One of them concerns the diastereoselective ring
closure in the resorcarene molecule resulting in oxazine
derivatives.2 The oxazine ring closure in the resorcarene
molecule, in the absence of chiral auxiliaries, affords a mixture
of enantiomers having C4 symmetry. These have been separated
chromatographically on a Whelk-01 column, containing
3,5-dinitrobenzamidotetrahydrophenanthrene.3

Here we report on the diastereoselective synthesis of novel
bora-oxazino-oxazolidine derivatives of resorcarene (Scheme
1).

The Mannich reaction initially afforded the chiral amino-
methylene derivatives of resorcarene (2) in which the free
hydroxy groups and the nitrogen electron pair are subsequently
linked to the boron atom via phenylboronic acid to give (3). The
reaction was conducted without isolation of the amino-
methylene derivative of resorcarene (2), using 4 equivalents of
formaldehyde and 4 equivalents of chiral L-prolinol. The
reaction was carried out in methanol. The solvent was
evaporated after 24 hours. Toluene and 5 equivalents of
PhB(OH)2 were added to the residue, followed by azeotropic
removal of water for 4 hours. The thus obtained product was
crystallized from ethanol, yield 65%.

The reaction produces only two diastereoisomers in a ratio of
80 (3a)+20 (3b) for the L-prolinol derivative. These diastereoi-
somers can be separated by multiple crystallization from
ethanol. The diastereoisomeric ratio has been determined from
the 1H NMR spectra.

The crystallographic structures of both diastereoisomers of
the L-prolinol derivative have been resolved. The crystallo-
graphic structure of the major diastereoisomer (3a) is shown in

Fig. 1. The chirality of L-prolinol and the rigid structure of the
bora-oxazino-oxazolidine moiety determine the formation of an
excess of the diastereoisomer, wherein all the resorcinol units in
the resorcarene molecule undergo synchronous clockwise
closure (P) of the bora-oxazine rings when viewed from inside
the cavity. The bora-oxazino-oxazilidine rings are oriented
outwards from the resorcarene cavity, whereas the phenyl
groups on boron are oriented towards the cavity. This
diastereoisomer (3a), when crystallized from acetone, contains
one acetone molecule within the cavity, with its methyl group
pointing toward the p-basic socket of the resorcarene as a result
of CH-p interactions with the resorcinol rings.

In the case of the other diastereoisomer obtained from L-
prolinol (3b, Fig. 2), the crystallographic analysis showed that
the closure of all the resorcinol rings to the bora-oxazine
derivative is anticlockwise (M) when viewed from inside the
cavity and the bora-oxazino-oxazolidine system is reversed by
180°. The bora-oxazino-oxazilidine rings are oriented in this
case towards the resorcarene cavity, whereas the phenyl groups
on boron are oriented outward from the cavity. This diastereoi-
somer (3b), when crystallized from CH2Cl2–MeOH, contains
one dichloromethane molecule within the cavity as a result of
CH-p interactions of the methylene group and of n-p inter-
actions of the chlorine atom with the resorcinol rings.

In both cases the direction of the bora-oxazine ring closure is
determined on the basis of the known chirality of the
stereogenic carbon atom in L-prolinol.

The molecules of 3a and 3b adopt in the crystalline state a
crown conformation stabilized by four intramolecular hydrogen
bonds between the oxygen atom in the bora-oxazine ring and
neighboring hydroxyl groups. The selected crystallographic

† Electronic supplementary information (ESI) available: experimental
section. See http://www.rsc.org/suppdata/cc/b2/b206188k/

Scheme 1 Reagents and conditions: (i) L-prolinol, formaldehyde, MeOH, rt,
24 h; (ii) PhB(OH)2, toluene, reflux, 4 h, 65%.

Fig. 1 The crystallographic structure of the bora-oxazino-oxazolidine
derivative of resorcarene and L-prolinol (3a) with acetone residing within
the cavity. The hydrogen bonds are indicated by dotted lines. Hydrogen
atoms are omitted for clarity.
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data, the distances between the oxygen atoms and the bond
lengths between nitrogen–boron atoms are listed in Table 1.

During the reaction two new stereocenters are created per
unit at the N- and B-atoms. In both derivatives, nitrogen adopts
the S configuration, whereas the boron adopts the R config-
uration.

The juxtaposition of the bora-oxazino-oxazolidine rings
outside or inside of the resorcarene cavity influence the
chemical shift of diastereotopic signals of the aminomethylene
(Ar–CH2–N–) and hydroxy (–OH) protons in the 1H NMR
spectra. In the case of derivative 3a,4 the methylene protons are
located deeper inside the cavity than in derivative 3b.5 The
proton signals of derivative 3a displayed more upfields shifts (d

= 3.64 and 4.03 ppm) than for derivative 3b (d = 3.81 and 4.28
ppm). Furthermore the position of the hydroxy proton in the 1H
NMR spectra for derivative 3a indicated stronger hydrogen
bonds than for derivative 3b. Signals of the hydroxy protons are
at d: 8.62 (3a) and 7.31 ppm (3b), respectively.

Chemical shifts of the above mentioned protons in the 1H
NMR spectra can be used to determine the direction of the
oxazine ring closure in bora-oxazino-oxazolidine derivatives of
resorcarenes, formed with other chiral aminoalcohols, still
under investigation.

In summary, new bora-oxazino-oxazolidine derivatives of
resorcarenes from L-prolinol were synthesized by linking
hydroxyl groups and the nitrogen electron pair of the amino-
methylene derivative of resorcarene (2) by PhB(OH)2. As a
result, two diasteroisomers of bora-derivatives in a ratio of 80
(3a)+20 (3b) are formed. Their crystal structures were described
demonstrating that the direction of the bora-oxazine ring closure
was governed by the stereogenic carbon atom of L-prolinol.
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Fig. 2 The crystallographic structure of the bora-oxazino-oxazolidine
derivative of resorcarene and L-prolinol (3b) with dichloromethane residing
within the cavity. The hydrogen bonds are indicated by dotted lines.
Hydrogen atoms are omitted for clarity.

Table 1 Selected crystallographic data and bond lengths (Å) for derivatives
3a and 3ba

3a 3b

Formula
C92H112B4N4O12·
4C3H6O

C92H112B4N4O12

·2CH3OH·3CH2Cl2
M 1741.41 1827.96
a/Å 15.381(1) 19.536(1)
b/Å 23.282(1) 19.536(1)
c/Å 29.512(1) 21.881(1)
a/deg 90.00 90.00
b/deg 90.00 90.00
g/deg 90.00 120.00
V/Å3 10568.3(9) 7232.2(6)
Dcalc/g cm23 1.094 1.259
Z 4 3
Cryst. syst. Orthorhombic Trigonal
Space group P212121 P31

R 0.130 0.078
O19A–O13D 2.677 2.806
O19B–O13A 2.701 2.704
O19C–O13B 2.714 2.794
O19D–O13A 2.827 2.665
N5A–B1A 1.670 1.631
N5B–B1B 1.635 1.622
N5C–B1C 1.655 1.655
N5D–B1D 1.585 1.607
a CCDC 183052 and 183053. See http://www.rsc.org/suppdata/cc/b2/
b206188k/ for crystallographic data in CIF or other electronic format.
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