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Bivalent carbohydrate substrates for metathesis were synthesized from glucuronic acid and phenylene-1,4-diamine. The substrate secondary
structure depends on whether secondary or tertiary amides are present, and this influences the course of the metathesis reaction leading to

novel multivalent scaffolding. Molecular modeling suggests that a very rigid macrocyclic scaffold has potential for the development of

peptidomimetics.

a-helix

Monosaccharides have been introduced and validated asovel monovalent and multivalent ligarfdfor biological
biologically relevant scaffolds for the presentation of phar- evaluation.

macophore groups to receptérddvantages of using sac-

Scaffolds comprised of secondary and tertiary amides

charides are that they display a high density of functional derived from twap-glucuronic acid units which are bridged
groups, are available as single enantiomers, and containby 1,4-phenylenediamine (e.d.,and2) have been synthe-

multiple sites for attachment of recognition groups (multi-
valent or multifunctional scaffold$).The development of
rigid bivalent saccharide scaffolds with well-defined 3D
structure is of interest to Ultimately, recognition groups
or molecules will be grafted onto the scaffolds; this will give
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sized recently.The topology of the glucuronic acid residues
in 1 and 2 depends on the structure of the amide: the
secondary amides thprefer theZ-configuration (Figure 15,
whereas the tertiary amides i prefer E-configuration
(Figures 1 and 2). The X-ray crystal structure2q®d, R =
Ac, Figure 2) showed that one of its amides wasnti
whereas the other wdssynand the carbohydrates stacked
in acisor U-shaped conformatiohQualitative NOE studies
for 2 in solution (in D,O for R = H; in CDCl; for R = Ac)

(4) Mammen, M.; Choi, S.-K.; Whitesides, G. M\ingew.Chem.,Int.
Ed. 1998,37, 2754.

(5) Tosin, M.; Muller-Bunz, H.; Murphy, P. VChem. Commur2004,
494.

(6) The Z-hydrogen-bonded and-anti conformations (Figure 1) have
been observed for such secondary amides in X-ray crystal structures. Tosin,
M.; O’'Brien, C.; Murphy, P. V. Private communication.
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Figure 1. Amide structure and nomenclature.
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Figure 2. Conformational and configurational isomers25fand
design of constrained scaffoll

2d

indicate that the amides pref&-anti conformations; this
can be represented lojs or U-shaped conformatia?a and/
or the trans or S-shaped conformatioBb. There is also
evidence for the presence of an L-shaped isd2oér 15%)8

promoted by tin(1V) chloride is known to give-glycosides
with high stereoselectivity and efficiency if an appropriate
silyl ether is used as an acceptbiThe reaction o# with

the TES® derivative 5 thus gave6 in 92% vyield. This
carboxylic acid was then converted into its acid chloride and
a subsequent reaction with 1,4-phenylenediamine gave the
secondary amide substrate Methylation of the amides of

7 using sodium hydride and methyl iodide in DMF at©
gave8 (Scheme 1).

Scheme 1. Synthesis of Metathesis Substrates
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Reaction of7 (Scheme 2) with the Grubbs’ catalifsgave
linear oligomers9 and 10 as a result of cross metathesis
processes as well as macrocytle'® In situ RCM of either
9 or 10 explains the origin ofi11® The constraint imposed
by the presence df-configured amides prevents formation
of a macrocycle containing only two saccharides. The
behavior of the tertiary amid® in the presence of the
Grubbs’ catalyst contrasted with that 8f(Scheme 3); the
alteration of amide configuratidhpreorganized the alkerigs
so that RCM occurred and gave dimeric macrocyi2eas

(9) For an example of conformationally unbiased macrocyclisation by
RCM, see: Firstner, A.; Langemann, K.Org. Chem1996,61, 3942.

(10) For a review of application of metathesis in glycobiology, see:
Leeuwenburgh, M. A.; van der Marel, G. A.; Overkleeft, HCrr. Opin.
Chem. Biol.2003,7, 757.

(11) (a) Tosin, M.; Murphy, P. VOrg. Lett.,2002,4, 3675—78. (b)

Alkylation and dealkylation of the amide form a basis to (@ _ ) ) ¢
alter the topology or structural space occupied by the sugarsggoiyi‘éf“z"é'i';'“’ N.; Tosin, M.; Murphy, P. \Angew. Chem., Int. Ed.
and thus to alter spatial presentation of groups attached to (12) The origin of the stereoselectivity fros and related donors is
P i currently being investigated. Murphy, P. V.; Polakovéa, M.; Pitt, N.; Tosin,

the sugars. We enVISaged that macrocyC“C compoﬁledsh . M. 22nd International Carbohydrate Symposium, Glasgow, UK, July 23rd-
as3, composed of two sugar units could be prepared by ring 27, 2004, caa4.
closing metathesi&(RCM) of substrates containing tertiary (13) The TES ether was prepared as it has a higher boiling point than

. the TMS ether which simplified isolation and purification.
amides. ) ) . (14) (a) Nguyen, S. T.; Trnka, T. M.; Grubbs, R. Mcc. Chem. Res.

The synthesis of substrates to explore this possibility was %?101,3% 1?—9%% itilnggr;ion, L. K.; Grubbs, R. H.; Ziller, J. W. Am.

; s ot em. Soc ,114, .
carried out. GIyCOSIdatlon of the 6,1-lactone don®f (15) The products from these reactions were hydrogenated usin@ Pd
and H. The analytical data for the reduced products is provided in the
Supporting Information.

(16) Cross metathesis followed by ring-closing metathesis has been
observed previously. Smith, A. B.; Adams, C. M.; Kozmin, S. A.; Paone,
D. V. J. Am. Chem. So2001,123, 5925.

(17) The 2D NOE spectrum & showed a strong cross-peak between
the signal for aromatic protons and that of the H-5 proton of the glucuronic
acid residue but not between H-5 and the methyl group, consistent with a
preferredE-anti conformation for amides d8.

(7) The U-shaped orig or syn conformation is defined as the
carbohydrate groups being on same side of plane defined by aromatic ring;
the S-shaped ofrans or anti conformation have the carbohydrates on
opposite sides of the ring.

(8) The 'H NMR spectrum for2 shows two signal sets due to amide
bond rotamers: the first set (major structural isomer) is assign2d and/
or 2b; the second set is assigned to isorReior a relatedsyn conformer
(not shown).
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Scheme 3. Metathesis o8

locate the low energy conformers f@Ba (E-alkene); the
only structures which were obtained from these calculations

Aco—e . hadE-anti amides. The lowest energy structures were con-
o QOAC CI/,.Rlu_stPh AQ 0 oA formers where the alkene group was oriented either parallel
0 N~ cr ] ACOWN—CHs or perpendicular to the aromatic ridgwhen the parallel
L CH3 PCys o .
=~ arrangement occurred the distance between the alkene and
\w CH,Cl,, 96%, E:Z, 3:1 rj aromatic groups is~4.5 A. The S-shaped conformation
3 N-CHs 0 (similar to2b) is more than 20 kJ/mol higher in energy than
WOAC ACO };Oﬁ _/N_CH3 the lowest energy U-shaped structure (simila2&). The
AcO A0 0 AcO 3 OAc structural assignment was supported by both qualitative
8 12a (E-alkene) NOESY and ROESY studies (Figure 3).
HO o 12b (Z-alkene)
HO oH
NaOMe, 0 N~CHs
MeOH Vj
|
77%
o N—CHj
HO oH
HO 0
13a (E-alkene)
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the only product (96%E/Z alkene ratio= 3:1); this was

converted tal3 by removal of the protecting groups.
The carbohydrate topology in macrocyclEz and 13 is
structurally more constrained than thoseiand8. The'H

Figure 3. Lowest energy structure and selected NOE enhancements
observed forl3a (E-alkene).

NMR spectra of both alkene isometr8a(E-alkene) and.3b

(Z-alkene) shows one signal set. The constraint imposed by Monosaccharides, such As-glucopyranoside, have been
macrocyclization does not allow access to an isomer wheregpown to be scaffolds suitable for the development of non-
one amide has th&-amide configuration (similar t&c). Also peptide containing mimetics of th@-turn! We have
precluded forl2 and13 areE-synconformations (similarto  examined, by molecular modeling, the structural relationship

2d).

The structural conclusions were supported by use of
conformational searching techniques (Macromodei’stb

(18) For a previous example of copper promoted preorganization of
B.; Sauvage, J.-P.; Grubbs, R. H.

olefins for RCM, see: Weck,
J. Org. Chem1999,64, 5463.
(19) The alkenes were separated by HPLC.

M.; Mohr,

Org. Lett, Vol. 6, No. 22, 2004

of 13ato theo-helix peptide backbone in order to determine
if there is potential for peptidomimetic desigh.The
preliminary molecular modeling (Figure 4) study indicated

(20) Mohamadi, F.; Richards, N. G. J.; Guida, W. C.; Liskamp, R;
Lipton, M.; Caufield, C.; Chang, G.; Hendrickson, T.; Still, W.ZZComput.
Chem.1990,11, 440.
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glycocluster based substrates. Molecules described herein,
which have well-defined 3D structural features, could be
considered to be related to nonnatural oligomers with well-
defined secondary structural features. These properties have
been identified as of interest in development of novel
biomimetic therapeutics and/or functional materfal@ne
possibility for macrocyclel3a would be to explore its
potential as a scaffold for development of novel peptidomi-
metics or for the display of multiple carbohydrate ligands
with well-defined structure; these studies are in progress.
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Figure 4. Superimposition ofl3a (blue, hydrogen atoms not
shown) and the backbone of arhelical peptide (green, polar
hydrogens only shown). The following atom pairs were superim-
posed to generate the overlapped structurest d@+esidue i and ) ) ) )
glucuronic acid O-2; Gx of residue #1 and glucuronic acid O-4; Supporting Information Available: Experimental de-
C-a of residue 2 and nitrogen; Gx of residue 5 and nitrogen; scription and analytical data, spectra. Molecular modeling

C-o of residue i+6 and glucuronic acid O-4; €ef residue i+7  fijles including pdb files for structures in Figures 3 and 4
and glucuronic acid O-2. and coordinate files for low energy structuresi®a com-

] _ patible with Maestro/Macromodel. This material is available
that it may be possible to use the O-2 and O-4 atoms of thefee of charge via the Internet at http://pubs.acs.org.
saccharides and the nitrogen atoms of the phenylenediamine

unit to project side chains of amino acids in orientations that O-0484254

may correspond to those projected from thedE residues )
L. . h . . . . (22) ROE Spectroscopy of 12aData were collected on Varian 300 and
i, i+1, i+2, i+5, i+6, and i+-7 of a helical peptide backbone 500 MHz spectrometers. Macrocycl®a (1.9 mg) was dissolved in 0.7

(Figure 4)%* mL of D,O. The signals were first assigned with standard Varian gradient
; ; COSY experiments at 25C. A two-dimensional Tr-ROESY experiment

In summary, We_ have described the_ syntheS|s of new (spin-lock field of 2.2 kHz with mixing time of 0.5 s, at 3®) was used

macrocycles and oligomers from appropriately preorganizedto obtain the 2D ROESY spectrum.

(23) Hirschmann, RAngew. Chem., Int. Ed. Endl991,30, 1278. (b)
(21) Low energy structures were obtained by a conformational search Bursavich, M. G.; Rich, D. HJ. Med. Chem2002,45, 541. (c) Hruby, V.

with Macromodel 8.5. All low energy structures within 20 kJ/mol of the J. Acc. Chem. Re001,34, 389.

global minimum were retained. Only-anti conformers with the U-shaped (24) For a recent example on development ofemelical peptide mimic,

structure were found and this included isomers with the alkene either parallel see: Yin, H.; Hamilton, A. DBioorg. Med. Chem. LetR004,14, 1375.

or perpendicular to the aromatic ring. The coordinates for low energy  (25) Hill, D. J.; Mio, M. J.; Prince, R. B.; Hughes, T. S.; Moore, J. S.

structures are provided as Macromodel dat files as Supporting Information. Chem. Re»2001,101, 3893.
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