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Borylated Lyxofimnosides as Selective Host Molecules for Amines 

Max-Plan&-Institut fur Kohlenforschung. Kaiser-Wilhelm-Platz 1,4!5470 MtUheim/Ruhr, Germany 

Akmtmctz Botylated lyxojtranosi&s 3a,b serve as heterotopic host molectdes fir primary 

amines, multi-point binding occurring at the “inside ” position due to synergistic fleets. 

A wide variety of host molecules have heen designed for the molecular recognition of amine 

hydrochloride& but those capable of recognizing neutral primary amines are ran.’ 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, tbis beiag due to the possibility of multi-point binding based 

on synergistic effects (xwersible nitrogen-metal dative bonds aad simultaneous H-bonding).2 Indeed, 

boroncontaining crown ethers such as 1 were shown to undergo this unusual type of moleculsr recognition.2 

In this letter we demonstrate that such heterotopic behavior is also possible in very diffexent situations, 

specifically in the interaction of borylated carbohydrates with amines. 
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1 (L2 = glycolate, catecbolate) 2 

The borylated lyxofuranoside 3a was prepared from D-lyxose according to the method of Dahlhoti 

and was then transfomwd into the phenyl analog 3b in two simple steps4 
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We speculated that binding of an amine from the “inside” of these concavekonvex molecules could 

lead to multi-point interaction according to 5, whereas “outside” binding would simply constitute classical 

dative bond fotmation5 according to 4. 

4 3 5 

Upon treating 3a with benzylamine. crystals were obtaimA4 The X-ray structural aaalysi.@ (Fig. 1) 

shows that “inside” binding pertains, and that synergistic effects are indeed operating. As a consequence of 

nitrogen-boron u-bond formation tbe amine talces on ammonium ion chamcter, which in turn makes 

hydrogen bonding of one of the amine hydrogen atoms to the methoxy oxygen atom energetically favorable 

(Pig. la). Interestingly, the acetoxy function does not partkipate in H-bonding with the second hydrogen of 

tbe 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. lb). 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.’ 

Pig. la ParfiaIuy6t8lsancmreof 

-Hm2 

CNl-04=2.9gA) 

Pig. lb crwalstruatmof 
3dphc)lzNHz(diaser) 
(N2-0%=2.95A;Nl-C#2= 
298kN2-01=zmA) 



2523 

Al:l~of3a(~~)andaprimaryamine~~in~1:,gaverisetoc~~cshif$in 

the llB- and “3C-NMR spectra (Table 1). For example, the “B-NMR signal of host 3b (8 = 35.3 ppm, 

BF&Et, external standard) shifts upfIeld to 27.1 ppm (A8 = -8.2 ppm) upon additon of one part 

PhCHaNHs, bang the presence of ~~~~ boron.8 However, the shift is less than ~~0~~ 

~edfortlnecrowne~1(~=21ppm).2~~31,(aM13rr)doesnotbind~amines as strongly 
as 1 (which, for example. binds 97% of benxylamine in a typical 1: 1 experhneW2 Indeed, whereas it was 

possible to perform 1: 1: 1 competition experiments w&h 1 and two different amines by “fieexing out” two 

distinct sets of host/guest NMR signals,2 similsr experiments with 3a,b showed rapid exchauge phenomena 
even at low temperatures.4 Furthermore, the tsC-NMR shifts in the case of 3qb/RNH2 turned out to be 

small in the carbohydrate portion (the largest effects occurring at the anomeric C!-atom), so that NIMR 

titrations for the determiuatiou of the big constants K am not pnxise or reliable enough. Neverthekss, 

the A8(1*B)-values in Table 1 clearly show thal the biding affiity W in the order n-PrNHa > 

PhCH#Ha> FbcH(CH3)N'H2. whichisti Oberserved for ilost 1.4 Due to the tulatively low binding 

capacity of 3n,b and the do behavior of the guestmoSt systems resulting tbemof, it was not possible to 

examine potential enantioselective molecular recognition using such chiraI atuines as (+)- and (-)-a-methyl- 

benxylamine. In view of the X-ray suuctum (Fii. l), the degree of enantioselection would be expected to be 

low anyway. For this purpose host molecules with spatiaEy extended cavities and more ekctrophilic metsI 

centers would be requited. The tH- and ‘?Z-NMR signals of the acetoxy gtoup ate not Muenced at sll by 

amine adduct formation, which means that acetoxy participation as indicated in 5 is unlikely iu solution as 

well. 

Table 1. NMR Data of WRNH2 and 3b/RNH2 iu CDCls (“B: 64MHz; 13C: 1OOMHz) 

3s 

i 

3b 

i 

Aa 1’B A@C0CH3 aStsi!C5 As t3c Cl 
[ppnnl UWI IPpml fppml 

n-PrNHa -13.7 -0M +0.38 +0.74 

(&)-WC-BuNH2 -2.9 -0.17 +O.Ol +0.04 

phcJHW2 -8.3 -0.21 +0.22 +0.30 

(*~-~(~3)~2 -0.7 -0.17 -0.05 +0.03 

n-PrNH2 -14.0 to.15 i-o.49 +0.94 

P=H2W -8.2 M.02 +0.27 +0.52 

(f)-a-PhCH(CH#E-Is -1.6 -0.08 +0.02 +O.Ol 

In summary, the pment work demonstrates that borylated lyxofumno&W are heterotopic hosts for 
~euryamines,i.e..they~~teanotherran:example~~lPofmulti-pointbindiagofaprimary 
amine fun&on. Since borylated (or otherwk metalated) sugars are easily acce&bk3 more elaborate snd 

effk&nt host molecuks can be envisioned for amines, nuckoauie bases and other donor mole&es. 
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