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The crystal structure of a bivalent glycocluster containing
aromatic amides reveals that alkylation of secondary amides
alters amide configuration and thus carbohydrate presentation.
This also facilitates non covalent interactions (azide–azide,
carbonyl–pyranose and aromatic–pyranose) and thus carbohy-
drate–carbohydrate stacking.

There is little published work concerning the 3D structures of
bivalent or higher order multivalent carbohydrate ligands. Such
ligands1,2 are relevant for the development of inhibitors or
promoters of carbohydrate mediated biological processes.3–11

Interest is not confined to the glycobiology area as applications for
bivalent ligands include modulation of signal transduction12 and as
leads for development of new antibiotics.13 There are recent
indications that multivalent ligands with increased rigidity can have
enhanced affinity and selectivities,14 suggesting that 3D structure–
activity relationships will be interesting. Earlier work15 has led us
to investigate the synthesis of bivalent carbohydrates such as 5–8
whose structure would depend on the conformational and config-
urational preferences displayed by their amides. It was expected
that secondary amides (e.g. 1 where R1 = H) (Fig. 1) would adopt
the Z-configuration whereas it was unclear whether a steric
interaction between the pyranose and the alkyl group would lead to
tertiary amides (R1 = alkyl) preferring to adopt the E-configura-
tion.16 If so then alkylation of the amide would alter the structural
space occupied by the carbohydrates. We are interested in such
bivalent compounds as scaffolding onto which ligands can be
grafted for presentation to receptors. Alterations in the scaffold
structure would also alter presentation of the grafted ligands. The
concept of using carbohydrates as biologically relevant scaffolds
has been introduced and validated previously.17 The synthesis of
bivalent compounds 5–8 is described herein and the structure of
tertiary amide 7 has been determined in the solid state.

The acid 2, prepared from D-glucuronic acid,18 was the starting
point for the synthetic work (Scheme 1, 2). This was first converted
to the b-azide 3 in three steps: preparation of the acid chloride was
followed by synthesis of the allyl ester and subsequent introduction
of the azide. The protection of the carboxylic acid as an ester was
necessary to preclude formation of the a-azide for reasons that we
have previously reported.18 Removal of the allyl ester protecting
group from 3,19 followed by preparation of the acid chloride 4 and
its reaction with phenylene-1,4-diamine gave 5. Deacetylation of 5
gave 6 whereas alkylation of 5 and deprotection gave the bivalent
tertiary amide 8.

Crystals suitable for X-ray diffraction were obtained for 7 and
the solid state structure was determined.† One of the amides of 7
was found to be E-anti whereas the other amide was E-syn (Fig. 2).

The carbohydrates stacked and adopted a cis‡ or U-shaped
conformation. Carbohydrate stacking was mediated by non-
covalent interactions (Table 1 and Fig. 3). Selected interatomic
distances that provide evidence for intramolecular van der Waals
interactions and other close contacts are given in Table 1: there
were clear interactions between (i) the oxygen atom of both
pyranoses with aromatic carbon and hydrogen atoms; (ii) the E-syn
2-acetate carbonyl oxygen atom with E-anti pyranose ring protons
and (iii) the two azide groups.

Qualitative NOE data obtained for 6 in D2O or for 9 in CDCl3 do
not provide evidence that the amides are E-anti or E-syn; i.e. there
are no NOEs observed between H-5 and aromatic protons or
between H-4 and aromatic protons as would be expected (the H-5
of the E-anti pyranose was 3.16 Å and the H-4 of the E-syn
pyranose was 2.51 Å from the nearest aromatic protons in the
crystal structure of 7). The observation of both E-syn and E-anti
conformations in the solid state structure of 7 would indicate that
two signal sets of equal intensity should be observed if the structure
was the same in solution. However this is not the case for 7 or 8,
where there is only one major set of signals in the NMR spectra of
each compound. This could be due to both amides preferring to
adopt E-anti conformers in solution (supported by NOE) or that the
rate of E-anti/E-syn interconversion is too rapid to be detected by
NMR. Qualitative NOE data obtained for 7 (CDCl3) and 8 (D2O)
indicate that the E-anti amide is preferred in solution as an NOE

Fig. 1 Amide structure and nomenclature.

Scheme 1 Reagents and conditions: (i) oxalyl chloride, DMF, CH2Cl2; (ii)
allyl alcohol, C5H5N; (iii) TMSN3, SnCl4, CH2Cl2; (iv) Pd(PPh3)4,
pyrrolidine, MeCN; (v) 1,4-phenylenediamine, C5H5N, CH2Cl2; (vi)
NaOMe, MeOH; (vii) NaH, MeI, DMF.

Fig. 2 X-ray single crystal structure of 7.
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crosspeak is observed between H-5 and aromatic protons but not
between the methyl group and H-4 or H-5. An NOE enhancement
between H-4 and aromatic proton would be expected if there was a
significant population of E-syn in solution and it would be expected
to be stronger than that observed between H-5 and the aromatic
protons based on distances observed in the solid state structure
(provided above); this NOE was not observed. The existence of
both E and Z isomers would be expected to be detected by the
presence of at least two signal sets in the 1H-NMR as has been
observed for diastereomeric tertiary amides previously.18 The
major set of signals observed for 7 and 8 is assigned to the EE
isomer. It is not evident from the NMR spectra of 7 or 8 if a cis or
U-shaped conformation where both amides are E-anti is the only
structure that exists in solution. A trans or S-shaped conformation
would be possible and calculations (Macromodel 8.1) indicate it is
a low energy conformation.

In summary, amide modification in these bivalent structures
alters amide configuration and thus carbohydrate presentation. A
consequence is that non-covalent interactions are facilitated and
observed in the solid state.

Notes and references
† Crystal data and structure refinement for 7. Crystals were obtained
from CH2Cl2 and petroleum ether (1 : 3). C32H38N8O16. M = 790.70.

Temperature 293(2) K. Wavelength 0.71073 Å. Crystal system, or-
thorhombic. Space group, P212121 (#19). Unit cell dimensions a =
11.977(2), b = 15.047(3), c = 21.319(4) Å. Volume 3842.2(12) Å3. Z = 4,
calculated density = 1.367 Mg m23. Absorption coefficient, 0.111 mm21.
F(000), 1656. Crystal size, 0.50 3 0.10 3 0.02 mm. Theta range for data
collection, 1.66 to 19.00 deg. Limiting indices, 210 @ h@ 10, 213 @ k@
13, 213 @ l @ 19. Reflections collected/unique 8199/3077 [R(int) =
0.1058]. Completeness to theta = 19.00, 99.8%. Absorption correction,
numerical max. and min. transmission 0.9978 and 0.9465. Refinement
method, full-matrix least-squares on F2. Data/restraints/parameters
3077/0/225. Goodness-of-fit on F2 0.997. Final R indices [I > 2s(I)] R1 =
0.0947, wR2 = 0.2260. R indices (all data) R1 = 0.1456, wR2 = 0.2455.
Absolute structure parameter fixed at 0.5 to avoid correlation with other
parameters. Largest diff. peak and hole 0.570 and 20.410 e Å23. CCDC
223648. See http://www.rsc.org/suppdata/cc/b3/b313934d/ for crystallo-
graphic data in .cif or other electronic format.

1H-NMR data for 5–8: 5 (300 MHz, CDCl3): d 8.30 (s, 2H, NH), 7.44
(s, 4H, aromatic H), 5.33 (apt t, 2H, J2,3 9.0, J3,4 9.0, H-3), 5.24 (apt t, 2H,
H-4), 4.97 (apt t, 2H, J1,2 8.9, H-2), 4.87 (d, 2H, H-1), 4.15 (d, 2H, J4,5 9.5,
H-5), 2.11, 2.08, 2.03 (each s, each 6H, each COCH3); 6 (300 MHz, D2O):
d 7.55 (s, 4H, Ar H), 4.92 (d, 2H, J1,2 8.8, H-1), 4.16 (d, 2H, J4,5 9.5, H-5),
3.73 (apt t, 2H, J3,4 9.3, H-4), 3.65 (apt t, 2H, J2,3 9.0, H-3), 3.40 (apt t, 2H,
H-2); 7 (300 MHz, CDCl3): d 7.42 (s, 4H, aromatic H), 5.50 (apt t, 2H, J3,4

9.4, H-4), 5.15 (apt t, 2H, J2,3 9.2, H-3), 5.24 (apt t, 2H, H-4), 4.87 (apt t, 2H,
H-2), 4.22 (d, 2H, J1,2 8.3, H-1), 4.11 (d, 2H, J4,5 9.2, H-5), 3.35 (s, 6H,
NCH3), 2.02 (2s, 12H, COCH3), 2.00 (s, 12H, COCH3); 8 (300 MHz, D2O):
d 7.55 (s, 4H, Ar H), 4.53 (d, 2H, J1,2 8.3, H-1), 4.04 (d, 2H, J4,5 9.7, H-5),
3.81 (apt t, 2H, J3,4 9.3, H-4), 3.38 (s, 3H, NCH3), 3.37 (overlapping signals,
8H, H-2 and NCH3), 3.28 (apt t, 2H, J2,3 9.0, H-3).
‡ Cis is defined as the carbohydrate groups being on the same side of the
plane defined by the aromatic ring. One referee referred to it as U-
shaped.
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Table 1 Selected interatomic distances in X-ray single crystal structure of
7

Atom X – Atom Y Distance/Å

O2A–H1 2.57 (1)
O2A–H3 2.46 (1)
O2A–H5 3.01 (1)
O1A–Hc 2.78 (1)
O1–Ha 2.52 (1)
N1–N1A 3.22 (2)
N1–N2A 3.22 (2)
O1A–aromatic C2aA 2.97 (2)
O1A–aromatic C1aA 2.85 (2)
O1–aromatic C2a 3.04 (2)
O1–aromatic C1a 3.31 (2)

Fig. 3 Van der Waals surfaces were calculated using Macromodel 8.1 for 7.
Shown are the (a) azide–azide and carbonyl–pyranose proton interactions
and (b) pyranose oxygen–aromatic interactions.
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