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Abstract: Borylated lyxofuranosides 3a,b serve as heterotopic host molecules for primary
amines, multi-point binding occurring at the "inside" position due to synergistic effects.

A wide variety of host molecules have been designed for the molecular recognition of amine
hydrochlorides, but those capable of recognizing neutral primary amines are rare.! We recently proposed
that compounds containing several donor sites as well as sigma-bonded metal centers with an empty orbital
should be ideal receptors for primary amines, this being due to the possibility of multi-point binding based
on synergistic effects (reversible nitrogen-metal dative bonds and simultancous H-bonding).? Indeed,
boron-containing crown ethers such as 1 were shown to undergo this unusual type of molecular recognition.2
In this letter we demonstrate that such heterotopic behavior is also possible in very different situations,
specifically in the interaction of borylated carbohydrates with amines.
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The borylated lyxofuranoside 3a was prepared from D-lyxose according to the method of Dahlhoff?
and was then transformed into the phenyl analog 3b in two simple steps.*
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We speculated that binding of an amine from the "inside" of these concave/convex molecules could
lead to multi-point interaction according to §, whereas "outside” binding would simply constitute classical
dative bond formation® according to 4.
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Upon treating 3a with benzylamine, crystals were obtained.* The X-ray structural analysis® (Fig. 1)
shows that "inside” binding pertains, and that synergistic effects are indeed operating. As a consequence of
nitrogen-boron o-bond formation the amine takes on ammonium ion character, which in tun makes
hydrogen bonding of one of the amine hydrogen atoms to the methoxy oxygen atom energetically favorable
(Fig. 1a). Imterestingly, the acetoxy function does not participate in H-bonding with the second hydrogen of
the PhCH,NH, entity as originally anticipated (cf. 5). Rather, the latter forms a hydrogen bond with one of
the oxygen ligands of boron in such a way that a dimer is formed in the solid state (Fig. 1b). Indeed,
formation of an ate-complex is expected to lead to increased negative charge (electron density) at these
oxygen ligands, increasing their ability to participate in H-bonding.”

Fig. la  Partial crystal structure of Fig. 1b Crystal structure of
3a/PhCH,NH, 3a/PhCH,NH, (dimer)
(N1-04=298 A) (N2-024=295A;N1-022=

298 A:N2-01=283 )
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A 1: 1 mixture of 3a (or 3b) and a primary amine RNH, in CDCIl; gave rise to characteristic shifts in
the !'B- and *C-NMR spectra (Table 1). For example, the 'B-NMR signal of host 3b (5 = 35.3 ppm,
BF;-OEt; external standard) shifts upfield to 27.1 ppm (A8 = -8.2 ppm) upon additon of one part
PhCH,NH,, indicating the presence of tetra-coordinate boron.® However, the shift is less than previously
observed for the crown ether 1 (A5 = 21 ppm).2 Thus, 3b (and 3a) does not bind primary amines as strongly
as 1 (which, for example, binds 97% of benzylamine in a typical 1 : 1 experiment).? Indeed, whereas it was
possible to perform 1 : 1 : | competition experiments with 1 and two different amines by "freezing out” two
distinct sets of host/guest NMR signals,? similar experiments with 3a,b showed rapid exchange phenomena
even at low temperatures.* Furthermore, the 3C-NMR shifts in the case of 3a,b/RNH, turned out to be
small in the carbohydrate portion (the largest effects occurring at the anomeric C-atom), so that NMR
titrations for the determination of the binding constants K are not precise or reliable enough. Nevertheless,
the AS(1!B)-values in Table 1 clearly show that the binding affinity decreases in the order n-PrNH, >
PhCH,NH, > PhCH(CH3;)NH,, which is also oberserved for host 1.4 Due to the relatively low binding
capacity of 3a,b and the dynamic behavior of the guest/host systems resulting thereof, it was not possible to
¢xamine potential enantioselective molecular recognition using such chiral amines as (+)- and (-)-o-methyl-
benzylamine. In view of the X-ray structure (Fig. 1), the degree of enantioselection would be expected to be
low anyway. For this purpose host molecules with spatially extended cavities and more electrophilic metal
centers would be required. The 'H- and 3C-NMR signals of the acetoxy group are not influenced at all by
amine adduct formation, which means that acetoxy participation as indicated in § is unlikely in solution as
well .

Table 1. NMR Data of 3a/RNH, and 3b/RNH, in CDCl; (!!B: 64MHz; C: 100MHz)

ASMIB ASBCOCH; ASBCCS asBccl

[ppm] (ppm] {ppm] (ppm]
n-PINH, -13.7 -0.06 +0.38 +0.74
(1)-sec-BuNH, 2.9 .17 +0.01 +0.04
PhCH,NH, -8.3 0.21 +0.22 +0.30
(£)-0-PhCH(CH;)NH, -0.7 0.17 -0.05 +0.03
n-PtNH, -140 +0.15 +0.49 +0.94

3b { PhCH,NH, 8.2 +0.02 +0.27 +0.52
(&)-0-PhCH(CH;)NH, -1.6 -0.08 +0.02 +0.01

In summary, the present work demonstraies that borylated lyxofuranosides are heterotopic hosts for
primary amines, i. e., they constitute another rare example (besides 1)? of multi-point binding of a primary
amine function. Since borylated (or otherwise metalated) sugars are easily accessible,’ more elaborate and
efficient host molecules can be envisioned for amines, nucleoside bases and other donor molecules.
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