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Abstract
Synthesis of a set of novel glycopeptide analogagspotential cholera/cholera-like toxin
inhibitors in their protected form is described.eVhinclude di-, tri-, tetra- and pentavalent
scaffolds. The synthetic steps were achieved usamgcombination of solvent-free
mechanochemical as well as the conventional soitiltase reactions. During the conventional
DIC-HOBt-mediated peptide coupling followed for tipeeparation of certain glycopeptide
analogues an interestimgsitu Fmoc deprotection was observed which has been mgrated to
hold potential for synthesiszing glycopeptides/ngagpeptides with extended polyamide

chains.
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Highlights

* Synthesis of a set of protected neoglycopeptideseqorted



* They include di-, tri-, tetra- & pentavalent scédf® bearing upto 10 sugar units
* Intended to derive potential inhibitors for cholévain/other analogous proteins
» Sugars are attached by glycosylation to cyclic/kcy@ackbone structures

Introduction

Gastrointestinal infections have foremost impactthe developing world, where diarrhoeal
diseases account for approximately 1.5 million kdeatach yearThough it can be caused by a
vast number of bacteria, viruses, and parasites thilee important members of this class of
toxins have been the pertussis toxin, the cholexant(CT) and the shiga toxin (ST). The
important agent responsible for the diarrhoealdtiba is the AB class of toxins found in the
microorganisnf. They possess a symmetric architecture and consist subunit A and a
pentamer of B subunits. While the catalytic acyiwt the toxins is due to the A subunit, specific
binding to the cell surface and the delivery of ttven is controlled by the B subunits. Therefore
although the complete ABholotoxin is considered as required for their toeffects it is the B
subunit that is important in designing inhibitoos the toxin® The crystal structures for these
toxins have already been reported. Our specifiergst was in the cholera toxin for which the
cell surface ganglioside GM1 is known to be theiradtreceptof:’

The mechanism of action of the ABoxins offers several possibilities for targetitige
infection® and additionally, as the inhibitors do not needrss any barrier (blood barrier), it as
such does not necessarily place any constraintherigand size. In the recent past several
strategies have been adopted for finding effectnrebitors for the AB toxins; while some

target on the individual binding sites, the othars intended at designing multivalent ligands



against the B subunit pentamekonovalent ligands can be designed as mimics efétural
ligand preferably with simpler structural complgxind improved receptor-binding ability.
Taking cue from the symmetry of the pentameric Busut attempts have also been to synthesize
polyvalent ligands with potentially enhanced reoegffinity. Thus thestarfish ligand designed
and synthesized by Kitost al. led to a sandwich of SLT-ligand complex formed ujppamding,
with the ligand sandwiched between the twpuBits of the AR toxin.” Importantly, the ligand
was 10-fold more potent than the monomeric Pk trisacatedfi® Thus the advantage of
designing multivalent ligands for such protein stanes as the Bunit of the AB; class of toxins
was clearly demonstrated.

The starfish model consisted of five units of a pair of crosd«d Pk trisaccharide units
anchored on to a central glucose core through rating flexible linkers. Although the ligands
were very powerful and were the best known unghththe flexibility of the linker would have
caused some loss of binding (energy) arising outhef entropy loss due to rotational and
translational freedom of the ligands. Therefore aremrigid platform for anchoring the
carbohydrate ligand units would be a rational chothanget al. synthesised a small library of
cyclic peptides of increasing ring size as the ancfor the carbohydrate ligand. The
carbohydrate unit, namely, galactose, the minimtmmctiral component required for binding
with the toxin, was then anchored in sufficient fn@ms on to the central cyclic peptide core
through flexible spacer units to achieve the desipentavalency' In comparison to the
monomeric ligand, the multivalent glycopeptides evardeed proved stronger inhibitors of the
toxin. Thus, it could be seen that if we were tordase the entropy cost of binding by presenting
the sugar units using a platform that is somewhatennigid, it could lead to an increase in the

binding affinity. Hence, the interest was to desiégstructure with reduced flexibility (enhanced



rigidity) to enable the entropy cost reduce siguaifitly. The sugar (galactose) units shall be
placed at such distances to each other as to enlble span the distance between two
successive binding sites on the pentameric B subEar CT, this distance was estimated as
approximately 23 A2 and was roughly the same in all the ABxins. The distance of 23 A, it
can be seen, could be spanned/provided by a lumebof fifteen C-C bonds, which for instance,
can be had from a 1,12-diaminododecane moiety whenduced between two amino acid
residues to which are attached the galactose uoit dlternatively, if desired, a
galabiose/globotriose unit) each and an amino gubst placed on a phenyl ring attached to the
desired sugar in the form of a glycoside can bel Giseattaching the sugar to the spacer group.
Thus, the synthesis of a set of linear and cydifcapeptide analogues (in their protected form)
as potential inhibitors of CT (see Fig 1 for a cartic representation) carried out based on these

considerations are summarized here.

o~)n cg
Gal” H e}
1a
o HN 0
-
Gal\o C N ﬁ “sal
H o
1b
H
[AA] Gal
a0~ iz o
g R
1c L \©\O,Gal

Gal<

o
cal© II

LINKER|

Figure 1. A cartoonic representation of the proposed glycpamates as potential polyvalent

protein inhibitors



Results and discussion

Synthesis of cross-linked galactosides as potential divalent ligands for CT. Recently we
reported the synthesis of a cross-linked diangidhy a solvent-free mechanochemical metfiod.
When this molecule was examined as a ligand folb¢ molecular docking experiments it was
revealed that the length of the ligand fell insti#fint for bridging the space between two adjacent
lobes of the AB protein to enable an effective binding of the tgalactose residues on to the
respective lobes. Insertion of an amino acid uvnitld address this deficiency. Thus the synthesis
of cross-linked galactosides (analogous2oFig 2) with an extended linker-unit became

necessary.
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Figure 2. Structure of a previously prepared cross-linkeégalpyranoside

Three different amino acids, namely, lysine, glutaatid and alanine, were used for the linker-
chain extension. The compoun8s8 prepared under this category, along with the buogdi
blocks9-18 used for their synthesis, are shown in Fig 3. TYralesis of the galactopyranoside
derivative 9 was by a recently reported solvent-free mechanoianmethod® using
acetobromogalactose ampehitrophenol as the reactants in the presence,GiCK followed by
the reduction of the nitro group on the aglyconehoby catalytic hydrogenation using H-Cube

(flow chemistry). Compoun® was then coupled to the lysine derivativ@in the presence of



HOBt and DIC in DMF following a conventional protcfor amino acid coupling The N
Fmoc group on the anilidEl obtained was then removed and the free amino gsowgenerated
was coupled to the dicarboxylic acid linke2 under essentially the same conditions asLfdf

to afford the protected cross-linked galactosi@leln a similar manner the cross-linked

galactosided and5 were also
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Figure 3. Various divalent compounds synthesized in the pteteform and the building

blocks used for their synthesis



prepared using the required building blodk and 14 respectively in place o010. Likewise,
using the partially protected glutamic acid deiiv@tl5 and the diamino linkel6, the cross-
linked analogous galactosi@evas also synthesized. Coupling of the dicarboxati linker12
with 6 gave rise to the cross-linked galactosidlen which the two galactose residues are
appended to a central core (that forms a loop4dikecture)via the p-aminophenyl units as can
be seen from Fig 3 (structurg As an additional related structure the lactaskeld compoun®
was also synthesized in a similar manner. Thushwhe dicarboxylic acid2 was coupled to
the partially protected glutamic acid building bBtot7 and the resulting cross-linked glutamic
acid derivative, after deprotection of thbutyl ester groups, was coupled to the lactogigl&’

yielded the cross-linked lactosi8e

Synthesis of tri- and tetravalent ligands for CT. The methods employed for the synthesis of
compounds,19 and 20 (Fig 4), were essentially the same as those destiib the foregoing

section. The building block2{ and22)*® used for the synthesis have also been shown ia.Fig
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Figure 4. Synthetic tri- and tetravalent neoglycopeptidenids

The glycosylated amino acRll*®was sourced from the galactosi@and the partially protected
amino acid13 by coupling them in the presence of DIC and HOBtnaentioned earlier.
Following the removal of the Fmoc group in the dedpproduct2l, the amine was further
coupled tol2in a manner similar to the method adopted for tteparation o#4 from 9 and13
but in the presence of excess of the dicarboxylid Bnker 12 in order to ensure preponderance
of the mono-coupled produg®.*® The free carboxylic unit 22 was then used to perform the

9



coupling reaction with the free amino unit (s) de tivalent compound described above to yield
the targeted tri- and tetravalent compouhf@snd20 (Fig 4). The separation d0 and20 from
the reaction mixture could be very successfullyiedrout by gel permeation chromatography

(GPC) using a column of HW-40S resin and employdF as the eluent. They were obtained

in 30% and 38% yields, respectively.

Cases of in situ Fmoc-deprotection observed during amino acid coupling. In an alternative
approach towards the tri- and tetravalent glycapgeptof the typel9 and 20 (Fig 4) described
above, the aminophenyl galactos@ieas first coupled to a lysine residue protecteitsad” and

N°® positions by Fmoc2@) to vield the glycopeptide building blo& (Fig 5)° Following the
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Figure 5. Unexpected by-produc8 and29 in the preparation of the neoglycopeptiie

using building block23/26
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removal of the Fmoc groups 84 by treatment with piperidine, when the diam&’ obtained
was then coupled to the Fmoc-protected alkyl anserboxylic acid26, besides the expected
(isolated in 40% vyield), were obtained the glycdjbgs 28 (isolated in 30% yield) an@9
(isolated in 10% yield) as by-products. All thea@mproducts could successfully be separated by
GPC using a column of HW-40S resin as mentioned@&bbhe compounds were characterized
by spectroscopy (NMR and HRMS). Clearly, the byducts28 and 29 have resulted from a
selectivein situ Fmoc deprotection of the initial coupling produntlaa subsequent round
of coupling with26. Selective deprotection of the Fmoc group on eithe terminal or
the internal fatty alkyl chain of the initially fored 27 followed by coupling with the
carboxylic acid26 must yield the by-product®88 and 29, respectively. Arguably, while
this may have indeed been due to the traces ofemigual piperidine that may have been
left behind in the reaction mixture prior to thecaed round of coupling, is perhaps

unprecedented (just having not been reported bysarigr) in peptide coupling.

That this is not an isolated case was demonstiatéde formation of the by-producs®
and 33 during the preparation of the neoglycopeptide stmec31 from the building
blocks 30 (and 26) as depicted in Fig 6. Compourd® was in turn obtained from the

coupling of

11



AcO COO'Bu /

oC

30 H  NH, >
31
NHFmoc
AcO __OAc
0
AcO _OAc AcO o o
o] AcO O COoOt
AcO o o H
AcO \CLN COO0'Bu NH
H NH oc .,
/

oc {t

/NH

32 NH 33 oC .

oc ét
NH
/
NHFmoc OE\S,

Figure 6. Unexpected by-producB2 and33in the preparation of the neoglycopeptiie

using building block80and26

9 and 15 described earlier. Undoubtedly, subsequent to dhmdtion of31, it undergoes
the deprotection of the Fmoc group present in liofeed by coupling of the newly
generated amino group with the carboxylic acid oh26 present in the reaction mixture.
A similar sequence of reactions when subjectedh® newly formed32 must now
necessarily lead to the formation38. Thus, this reaction clearly holds good poterftal
the synthesis of such structures3®swith extended polyamide chain. These molecules,
besides serving as ligands to be evaluated agamhstalent proteins such as CT, are also
expected to possess interesting supramolecularasséfimbling behaviour to be

investigated by TEM.

An alternative approach towards the targeted pddyntaligands explored was starting

from diethyl tartrate 34) in which is available two hydroxyl groups thatutd be

12



conveniently glycosylated to afford a unit havimgptpendent galactoside residues. Thus,
the commercially available diethyl tartra®d was reacted with phenyl 2,3,4,6-te@a-
benzyl-1-thiof-D-galactopyranosid&5 under solvent-free mechanochemical conditions
promoted by In(ll) triflate and the diglycosylatgaoduct36'’ was prepared in multi-
gram quantities. After saponification of the etleglter functionality by aq. LiOH it was
coupled to the diamine link&?7, again in the presence of DIC and HOBt in DMF, #rel
multivalent ligands38-41formed (Fig 7) were conveniently obtained in puoenf by
separation by GPC on an HW-40 column using DMFasstuent and were characterized
by NMR and mass spectrometry (MALDI-TOF-MS) as ulsufor glycopeptides and
their analogues. During the above reaction, foromtf some of the analogous open
chain compounds with free carboxylic and amino teaingroups were also formed, but,
they were proved difficult to get in pure form fonambiguous characterization and

therefore have not been shown here.
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Figure 7. Synthetic multivalent neoglycopeptide ligands adeptal CT inhibitors

prepared in their protected form and the builditagks used for their preparation.

Experimental

General experimental methods

All the reagents used were as purchased withothidupurification. Solvents used for reactions
were dried according to standard methods. Reactresr® monitored by TLC, which was
performed with 0.2 mm pre-coated silica gel 60 F2Bdminum sheets. Compounds were

detected by dipping the TLC plates in an ethansditition of sulphuric acid (5% v/v)/alkaline

14



bromocresol dye/ninhydrin solution and thereaftsting them. Melting points were determined
on a Bichi melting point apparatus. Specific rotagi were recorded on a digital polarimeter at
room temperature (approximately 20-25 °C). NMR s$peavere recorded on 400 MHz
spectrometer'H NMR and*C NMR Spectra were referenced using either residoalent
signals, or tetramethylsilane in the respectivetetated solvents. Whenever needeti'H
COSY and'H-*C HMQC were used additionally to confirm/assisttie NMR peak assignment.
Splitting patterns are described as singlet (sibtét (d), triplet (t), quartet (q), and broad (br)
the value of chemical shiftg)(are given in ppm and coupling constaidsafe reported in Hertz

(Hz). Mass spectra were recorded on MALDI-TOF/T@H &RMS (TOF) Spectrometers.
General experimental procedure

General amide coupling procedure: The compound having free carboxylic group (1 mmeds
dissolved in DMF (15 mL) and HOBT (1.2 mmol/carbb&ygroup) was added to the solution
and was stirred for 15 min. The reaction mixtures\ttzen cooled to -10 °C. After 15 min, DIC
(2.2 mmol/carboxylic group) was added to the reactnixture and stirring was continued for
another 30 min. The compound (to be coupled) bgdrae amino group was then added to the
flask and the stirring was allowed to continue atC4until TLC showed completion of the
reaction (up to 36 h at 4 °C). On completion of thaction, the solvent was evaporated under
reduced pressure and the crude product was pubyigalPC (Gel Permeation Chromatography)
on HW-40S resin using C&Il-MeOH (1:1) (for compound3-8, 19-21, 27-29 31-33 or DMF
(for compounds38-41) as the eluent [(i) Using a chromatographic eq@ptnColumn, 100 cm
(h) x 2.5 cm (d); flow rate, 12.5 ml/min; fractioizes 300 drops on Spectrum/Chrom CF-2
fraction collector from Spectrum Chromatographyubton USA; or (ii)) Manual: Column, 150

cm (h) x 3.0 cm (d); flow rate 1.0 ml/min by gravitsaction size 6 ml].
15



Divalent compound, Gal-Lys-C12-Lys-Gal (3):Yield - 60% (0.650 g). Colourless solid:
m. p. 199-204 °C;d]p -2.9° € 0.2, CHC4);: *H NMR (400 MHz, CDCJ) 6 7.76 (d, 4H, Ph-
H), 7.58 (bs, 4H, Ph-H), 7.49 (m, 4H, Ph-H), 7.88 @H, Ph-H), 7.27 (m, 4H, Ph-H), 6.94
(d, 4H, Ph-H), 5.97 (d, 1H, N-H), 5.90 (bs, 1H, N;18.49-5.45 (m, 2H, H-2, H-4), 5.13-
5.09 (dd, 1H, H-3), 4.96 (d, 1H, H-1), 4.41-4.30, @H, methylene proton of Fmoiert-C-
H), 4.23-4.13 (m, 3H, H-6a, H-6b, C-H of Fmoc), &4.02 (m, 1H, H-5), 3.25 (bs or m,
2H, methylene protons of lysine), 2.20 (s, 3H, CQCHR.15-2.12 (t, 2H, methylene protons
of lysine), 2.09 (s, 3H, COGJ 2.05 (s, 3H, COCH), 2.02 (s, 3H, COCH), 1.49-1.39 (m,
4H, methylene protons), 1.30-.122 (m, 13H, methylprotons)*C{*H} NMR (100 MHz,
CDCl;) 170.4, 170.3, 170.2, 169.5, 143.6, 141.3, 12¥28.1, 125.0, 121.5, 120.0, 117.5,
100.1, 71.0, 70.8, 68.7, 67.2, 66.9, 61.4, 47.1{,383.8, 31.9, 29.7, 29.4, 28.9, 28.7, 25.5,
20.8, 20.7; MS (MALDI-TOF) G4H112Ne¢O2gNa, calculated m/z 1795.741 (M+Najound

m/z 1796.483 (M+N4)

Divalent compound, Gal-Glu-C12-Glu-Gal (4):Yield- 60% (0.880 g). Colourless solid:
m. p. 103-115 °C;d]p -34.4° ¢ 0.4, CHC}); *H NMR (400 MHz, CDCJ) 6 7.46 (d, 2H,
Ph-H), 6.95 (d, 2H, Ph-H), 6.77 (d, 1H, N-H), 5582 (m, 2H, H-2,H-4), 5.13-5.09 (dd,
1H, H-3), 4.98 (s, 1H, H-1), 4.60-4.50 (m, 2H, ny¢ime of Fmoc), 4.26-4.11 (m, 3H, H-6a,
H-6b, C-H), 4.06 (bt, 1H, H-5), 2.61-2.48 (m, 1Hheoof methylene proton), 2.41-2.26 (m,
1H, one of methylene proton), 2.18 (s, 3H, CQELR.07 (s, 3H, COCE§), 2.05 (s, 3H,
COCHg), 2.01 (s, 3H, COC¥), 1.70-1.54 (m, 9H, methylene protons), 1.47 £, GCHp),
1.33-1.19 (m, 8H, methylene protons¥C{*H} NMR (100 MHz, CDC}) 174.3, 173.7,

172.0, 170.4, 169.1, 158.7, 151.2, 143.5, 140.8,113133.7, 130.0.8, 128.5, 124.7, 121.3,
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120.0, 117.6, 100.1 (C-1), 81.4, 71.0, 70.8, 6862, 66.8, 61.4, 53.3, 48.0, 31.9, 30.32,
28.8, 28.1, 27.3, 25.4, 23.6, 20.7; MS (MALDI-TOE)¢HysN4O2¢gNa, calculated m/z

1465.626 (M+Na), found m/z 1465.740 (M+N%)

Divalent compound, Gal-Ala-C12-Ala-Gal (5):Yield- 71% (0.870 g). Colourless solid: m.
p. 101-115 °C;{]p -36.7° € 0.4, CHC}); 'H NMR (400 MHz, CDC}) 6 9.37 (bs, 1H, N-
H), 7.46 (d, 2H, Ph-H), 7.01 (bs, 1H, N-H), 6.91 281, Ph-H), 5.44-5.41 (m, 2H, H-2,H-4),
5.17-513 (dd, 1H, H-3), 4.99 (s, 1H, H-1), 4.773(M, 1H,tert C-H), 4.18-4.06 (m, 3H,
H-6a, H-6b, H-5), 2.20 (s, 3H, COGK12.05 (s, 3H, COC¥, 2.02 (s, 3H, COC¥), 2.01 (s,
3H, COCH), 1.61-1.51 (M, 2H, methylene protons), 1.44 (H, £&(CHs), 1.26-1.15 (m,
8H, methylene protons)-*C{*H} NMR (100 MHz, CDC}) 174.0, 171.1, 170.4, 170.3,
170.2, 169.5, 153.5, 133.7, 121.3, 117.4, 100.M,7D.7, 68.7, 66.9, 61.4, 49.5, 36.2, 29.7,
29.5, 25.5, 20.8, 20.7, 18.1; MS (HRMS-TORRHysN4O24Na, calculated m/z 1237.4904

(M+Na)", found m/z 1237.4891 (M+Na)

Divalent compound, Gal-Glu-C10-Glu-Gal (6):Yield- 68% (1.17 g). Colourless solid: m.
p. 176-178 °C;q]p -5.59° € 0.2, CHC}); *H NMR (400 MHz, CDC}) § 7.76 (d, 2H, Ph-
H), 7.57 (m, 2H, Ph-H), 7.48 (m, 4H, Ph-H), 7.38 @hl, Ph-H), 6.94 (m, 2H, Ph-H), 6.50
(d, 1H, N-H), 5.43-5.40 (m, 2H, H-2,H-4), 5.10-5@id, 1H, H-3), 4.92 (s, 1H, H-1), 4.39-
4.34 (m, 1Htert C-H of Glu andert C-H of Fmoc ), 4.21-4.14 (m, 4H, methylene protdn
Fmoc, H-6a, H-6b), 4.01-3.98 (m, 1H, H-5), 3.2098(in, 2H, methylene protons of Glu),
2.37-2.31 (m, 2H, methylene protons of Glu), 2.202Am, 15H, 4 x COCkand methylene

protons of long chain), 1.54-1.36 (m, 2H, methyl@netons of long chain), 1.35-1.23 (m,
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7H, methylene protons of long chaifJC{*H} NMR (100 MHz, CDC}) 172.2 (COOCH),
171.2 (NHCO), 170.2,169.8, 169.6, 169.1, 156.17 QHof Fmoc), 153.4, 143.8, 141.3,
127.7, 127.1, 125.0, 121.3, 120.0, 117.5, 100.1)(C#0.9, 70.0, 68.7, 67.9, 67.0 (Cbf
Fmoc), 48.9tert C-H), 47.2 (C-H of Fmoc), 47.1, 40.0, 32.9, 3®9,1, 28.9, 20.6, 20.5;
MS (HRMS-TOF) GgHi10/NsO2gNa, calculated m/z 1739.6796 (M+Na)found m/z

1740.6906 (M+N&)

Divalent compound, Gal-Glu-Cyclic core-Glu-Gal (7):Yield- 8% (0.133 g). Oily liquid:
[a]p -0.5° € 2.5, CHC); 'H NMR (400 MHz, CDCJ) 5 9.00 (bs, 1H, N-H), 7.40 (d, 2H,
Ph-H), 6.87 (d, 2H, Ph-H), 6.82-6.76 (bm, 1H, N-B}2-5.35 (m, 2H, H-2, H-4), 5.06-
5.03 (dd, 1H, H-3), 4.91 (s, 1H, H-1), 4.55-4.46 (A, tert C-H), 4.17-4.05 (m, 3H, H-6a,
H-6b), 4.03-3.95 (m, 1H, H-5), 3.11-3.03 (q, 2H,thy#ene protons), 2.50-2.40 (m, 1H,
methylene protons of Glu), 2.33-2.22 (m, 1H, metzhgl protons of Glu), 2.18-2.03 (m, 6H,
methylene protons and COG@JH2.00 (s, 3H, COC¥), 1.98 (s, 3H, COC§J, 1.94 (s, 3H,
COCH), 1.60-1.46 (m, 2H, methylene protons), 1.38 @4, methylene protons), 1.29 (T,
4H, methylene protons), 1.23-1.15 (m, 10H, methglprotons)*C{*H} NMR (100 MHz,
CDCl) 174.2, 173.3, 170.4, 170.3, 170.2, 169.7, 16953.6, 133.5, 121.3, 117.5, 100.0,
81.3, 71.0, 70.8, 68.7, 66.9, 61.4, 53.2, 45.94,381.9, 29.7, 28.9, 28.1, 27.4, 25.4, 20.8,
20.7, 20.6 8.1; MS (MALDI-TOF) &H102NgO2¢Na, calculated m/z 1466.6844 (M+Na)

found m/z 1466.6240 (M+N&)

Divalent compound, Lac-Glu-C12-Glu-Lac (8):Yield- 50% (1.04 g). Colorless solid: m. p.

108.7-119.4 °C;d]p -12.7° € 0.2, CHC); *H NMR (400 MHz, CDCY) ¢ 7.44 (d,J = 8.8 Hz,

18



2H, 2,6-Ph-H), 7.38-7.30 (m, 5H, Ph-H), 6.92Jc& 8.8 Hz, 2H, 3,5-Ph-H), 6.75 (d, 1H, N-H),
5.38 (d,J = 3.0 Hz, 1H, H-4"), 5.29 (tJ = 9.3 Hz, 1H, H-3), 5.18-5.09 (m, 4H, H-2, H-2,
PhCH), 5.02-4.94 (m, 2H, H-3', H-1), 4.64-4.60 (m, ltekt C-H), 4.54-4.49 (d, 1H, H-1", H-
65, 4.19-4.07 (m, 3H, H6 H-6,, H-6), 3.93-3.87 (M, 2H, H-4, H-5'), 3.80-3.77 (m, 1H-5),
2.69-2.41 (m, 2H, methylene protons), 2.30-1,9926#, methylene protons and COg¢HL.80-
1.54 (m, 6H, methylene protons), 1.27-1.15 (m, 8iéthylene protons):*C{*H} NMR (100
MHz CDCk) 174.2, 173.5, 170.4, 170.3, 170.1, 169.8, 16866,5, 169.1, 153.5, 135.6, 133.3,
128.6, 128.4, 128.3, 121.3, 117.6, 101.1, 99.2,7&.8, 71.5, 71.4, 71.0, 70.7, 69.1, 66.8, 66.7,
62.1, 60.8, 53.1, 36.3, 30.6, 28.7, 27.2, 25.38,2020.7, 20.6, 20.5; MS (HRMS-TOF)
Cio0H126N4044Na, calculated m/z 2109.7643 (M+Nafound m/z 2109.7866 (M+N§) MS

(MALDI-TOF) found m/z 2111.181 (M+N4)

Trivalent compound, 19:Yield- 25 % (0.520 g). Colourless solid: m. p. 1234 °C; pp -
2.8° (€ 0.4, CHC}); *H NMR (400 MHz, CDC}) 6 7.49 (d, 8H, Ph-H), 6.97 (d, 8H, Ph-H),
5.50-5.40 (m, 8H, H-2, H-4), 5.16-5.10 (dd, 4H, HB.02 (s, 4H, H-1), 4.68-4.37 (m, 3H,
tert C-H), 4.26-3.93 (m, 13H, H-6a, H-6b, H-fert C-H), 3.90-3.80 (g, 2H, methylene
protons), 3.30-3.10 (m, 5H, methylene protons)2231 (m, 9H, methylene protons of
Glu), 2.30-2.00 (m, 60H, methylene protons and 1&€QCH;), 1.89-1.54 (m, 27H,
methylene protons), 1.45 (s, 18H, C({4l 1.35-1.17 (m, 45H, methylene protons);
¥3c{*H} NMR (100 MHz, CDC}) 174.1, 171.3, 170.4, 170.3, 169.5, 162.5, 14138.4,
121.5, 121.3, 117.5, 100.1, 81.2, 71.0, 70.8, 6&6/9, 66.7, 61.4, 42.2, 39.5, 36.5, 31.8,

31.4, 30.0, 29.7, 29.5, 29.0, 28.1, 23.5 20.8, ,202D.6; MS (MALDI-TOF)
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Ci101H142NgOsgNa, calculated m/z 2091.936 (M+H)+, 2113.927 (M+Nafjound m/z

2093.732, 2115.803 (M+N5)2131.765 (M+K]J.

Tetravalent compound, 20:Yield- 30 % (0.880 g). Colourless solid: m. p. 11%4 °C;
[a]p -5.5° € 0.3, CHC}); 'H NMR (400 MHz, CDCJ) 6 7.49 (d, 8H, Ph-H), 6.97 (d, 8H,
Ph-H), 5.50-5.40 (m, 8H, H-2, H-4), 5.16-5.10 (dé, H-3), 5.02 (s, 4H, H-1), 4.68-4.37
(m, 3H, tert C-H), 4.26-3.93 (m, 13H, H-6a, H-6b, H-Ert C-H), 3.90-3.80 (q, 2H,
methylene protons), 3.30-3.10 (m, 5H, methylengqgmg), 2.52-2.31 (m, 9H, methylene
protons of Glu), 2.30-2.00 (m, 60H, methylene pnst@and 16 x COC¥), 1.89-1.54 (m,
27H, methylene protons), 1.45 (s, 18H, C&EH 1.35-1.17 (m, 45H, methylene protons);
%C{*H} NMR (100 MHz, CDC}) 174.1, 171.3, 170.4, 170.3, 169.5, 162.5, 14138.4,
121.5, 121.3, 117.5, 100.1, 81.2, 71.0, 70.8, 68679, 66.7, 61.4, 42.2, 39.5, 36.5, 31.8,
31.4, 30.0, 29.7, 29.5, 29.0, 28.1, 235 20.8, ,22D.6; MS (MALDI-TOF)

C142H100N100s4Na, calculated m/z 2934.131 (M+Najound m/z 2935.908 (M+N&)

Compound 27 (% N°®-Bis (12-(Fmocamino-dodecanoyl)-Lys-4-(2,3,4,6-tetrO-acetyl-

p-D-galactopyranosyloxy)-anilide): Yield - 40% (0.570 g). Colorless solid; m. p. 9011
°C; [o]p -14.9° € 0.2, CHC}); *H NMR (400 MHz, CDCY) 6 7.77 (m, 4H, Ph-H), 7.58 (m,
4H, Ph-H), 7.49 (d, 2H, Ph-H), 7.43-7.39 (m, 4H;HPh 7.33-7.28 (m, 4H, Ph-H), 6.95 (d,
2H, Ph-H), 5.60 (bd, 1H, N-H), 5.50-5.45 (m, 2H2HH-4), 5.14-5.10 (dd, 1H, H-3), 4.97
(d, 1H, H-1), 4.95-4.80 (m, 1H, methylene protoh$moc), 4.60-4.51 (m, 1H, methylene
protons of Fmoc), 4.41-4.30 (m, 3H, methylene praibFmoc andert C-H), 4.24-4.17 (m,

4H, H-6a, H-6b, 2 x C-H of Fmoc), 4.05-4.00 (m, HH5), 3.30-3.00 (m, 6H, methylene
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protons), 2.28-2.24 (m, 2H, methylene protons)7 Zsl 3H, COCH), 2.08 (s, 3H, COC}),

2.06 (s, 3H, COCHJ, 2.02 (s, 3H, COC¥J, 1.97-1.85 (m, 2H, methylene protons), 1.85-
1.70 (m, 2H, methylene protons), 1.62-1.41 (m, #té&thylene protons), 1.27 (bs, 30H,
methylene protons):*C{*H} NMR (100 MHz, CDC}), 174.4, 173.7, 170.4, 170.3, 170.1,
169.4, 156.5, 153.5, 144.0, 141.3, 133.7, 124,71, 127.1, 125.1, 121.3, 120.1, 120.0,
117.5, 100.1, 71.0, 70.8, 68.7, 66.9, 66.5, @34, 47.3, 41.1, 38.2, 36.8, 36.4, 31.6, 30.0,
29.7, 29.4, 29.3, 26.7, 25.8, 22.3, 20.8, 20.75;20S (ESI HRMS-TOF) @sH10aNs017Na,

calculated m/z 1428.7247 (M+Najfound m/z 1428.3935 (M+N#&)

Compound 28 (% (12-(Fmocamino)dodecanoylN°®-(12-(12-
(Fmocamino)dodecanamido)-dodecanoyl)-Lys-4-(2,3,4t6tra- O-acetyl$-D-
galactopyranosyloxy)-anilide): Yield - 27% (0.450 g). Colorless solid; m. p. 881IC;
[a]p -5.8° € 0.8, CHC}); *H NMR (400 MHz, CDCJ) 6 7.77 (m, 4H, Ph-H), 7.64-7.59 (m,
4H, Ph-H), 7.49 (d, 2H, Ph-H), 7.44-7.38 (m, 4H;HP 7.33-7.28 (m, 4H, Ph-H), 6.94 (d,
2H, Ph-H), 5.60 (bd, 1H, N-H), 5.49-5.45 (m, 2H2HH-4), 5.13-5.10 (dd, 1H, H-3), 4.97
(d, 1H, H-1), 4.95-4.80 (m, 1H, methylene protoh$moc), 4.60-4.51 (m, 1H, methylene
protons of Fmoc), 4.44-4.38 (m, 3H, methylene praibFmoc andert C-H), 4.23-4.17 (m,
4H, H-6a, H-6b, 2 x C-H of Fmoc), 4.06-4.03 (m, HH5), 3.29-3.01 (m, 8H, methylene
protons), 2.27-2.13 (m, 3H, methylene protons)p2D02 (s, 8H, COCkHand methylene
protons), 1.97 (s, 3H, COGH 1.96 (s, 3H, COC¥), 1.94 (s, 3H, COC§J, 1.92-1.80 (m,
2H, methylene protons), 1.79-1.60 (m, 1H, methylgmwetons), 1.61-1.30 (m, 17H,
methylene protons), 1.27 (bs, 40H, methylene psytdfC{*H} NMR (100 MHz, CDC}),

174.3, 173.8, 173.2, 170.3, 170.2, 170.1, 169.8,5,5153.5, 144.0, 141.3, 133.7, 129.4,
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128.1, 127.8, 127.1, 127.0, 125.2, 125.0, 121.6,11220.0, 117.5, 100.1, 71.0, 70.8, 68.7,
66.9, 66.5, 61.4, 53.5, 47.3, 41.1, 38.2, 36.98,386.4, 30.0, 29.7, 29.6, 29.5, 29.4, 29.3,
29.2, 26.8, 26.7, 25.8, 25.7, 25.6, 22.3, 20.7,7,2@0.6; MS (ESI HRMS-TOF)

Co2H126N6018Na, calculated m/z 1625.9026 (M+Nafound m/z 1625.8971 (M+N&)

Compound 29 (% N°®-Bis-(12-(12-(Fmocamino)dodecanamido)-dodecanoyl)yk-4-
(2,3,4,6-tetraO-acetyl$-D-galactopyranosyloxy)-anilide): Yield - 5-7% (0.100 g).
Colorless solid; m. p. 85-110 °Gy]p -4.9° € 0.8, CHC}); *H NMR (400 MHz, CDC)) ¢
7.82-7.76 (m, 4H, Ph-H), 7.61-7.59 (m, 4H, Ph-H)47(d, 2H, Ph-H), 7.43-7.37 (m, 4H,
Ph-H), 7.34-7.28 (m, 4H, Ph-H), 6.96 (m, 2H, Ph-5{50 (bd, 1H, N-H), 5.50-5.44 (m, 2H,
H-2, H-4), 5.14-5.10 (dd, 1H, H-3), 5.00 (d, 1H,1)H-4.95-4.80 (m, 2H, methylene protons
of Fmoc), 4.65-4.44 (m, 1H, methylene protons ofoEmn 4.48-4.37 (m, 3H, methylene
proton of Fmoc antert C-H), 4.28-4.01 (m, 5H, H-6a, H-6b, 2 x C-H of Fenéi-5), 3.84-
3.50 (m, 3H, methylene protons), 3.27-3.06 (m, Btdthylene protons), 2.41-2.23 (m, 3H,
methylene protons), 2.12-2.02 (s, 11H, CQC&hd methylene protons), 2.08 (s, 3H,
COCH), 2.06 (s, 3H, COC¥, 2.03 (s, 3H, COC¥), 1.88-1.74 (m, 3H, methylene protons),
1.68-1.56 (m, 6H, methylene protons), 1.56-1.379kh, methylene protons), 1.37-1.13 (bs,
40H, methylene protons}’C{*H} NMR (100 MHz, CDC}), 174.4, 173.7, 173.2, 170.4,
170.3, 170.1, 169.4, 156.7, 153.6, 144.1, 14133.4, 129.5, 128.2, 127.9, 127.2, 127.0,
125.3, 125.1, 121.3, 120.1, 120.0, 117.6, 100110,770.8, 68.6, 66.7, 66.4, 61.5, 53.6,
47.3, 41.1, 38.2, 36.9, 36.7, 36.8, 36.4, 30.07,229.6, 29.5, 29.4, 29.3, 29.2, 26.9, 26.8,
26.7, 25.8, 25.9, 25.7, 25.6, 22.3, 20.7, 20.76;20S (ES| HRMS-TOF) @H4dN;O19Na,

calculated m/z 1823.0806 (M+Najfound m/z 1823.023 (M+N%&)
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Compound 31 {N*(12-(Fmocamino)dodecanoylc>-tert-butyl-Glut-4-(2,3,4,6-tetra-O-
acetyl$-D-galactopyranosyloxy)-anilide): Yield - 35% (0.360 g). Colorless solid: m. p.
75-81 °C; fp -5.9° € 1, CHCE); *H NMR (400 MHz, CDCY) 6 7.75 (d, 2H, Ph-H), 7.59
(m, 2H, Ph-H), 7.46 (m, 4H, Ph-H), 7.39 (t, 2H, Rn-7.31 (t, 4H, Ph-H), 6.94 (d, 2H, Ph-
H), 6.74 (d, 1H, N-H), 5.58-5.41 (m, 2H, H-2, H-%)12-5.08 (dd, 1H, H-3), 4.97 (s, 1H,
H-1), 4.84 (bs, 1H, N-H), 4.62-4.48 (m, 1tdést C-H), 4.46-4.31 (m, 2H, methylene protons
of Fmoc), 4.30-4.11 (m, 3H, H-6a, H-6lert C-H), 4.10-4.00 (m, 1H, H-5), 3.26-3.07 (m,
3H, methylene protons), 2.61-2.44 (m, 1H, methylpritons of Glu), 2.41-2.26 (m, 1H,
methylene protons of Glu), 2.25-2.09 (m, 8H, methgl protons and COGH 2.07 (s, 3H,
COCH), 2.05 (s, 3H, COC¥, 2.01 (s, 3H, COC¥), 1.67-1.54 (m, 4H, methylene protons),
1.54-1.35 (t, 6H, methylene protons), 1.36-1.16 @f@H, methylene protons)’C{*H}
NMR (100 MHz, CDC}) 174.0, 173.3, 173.1, 170.3, 170.2, 169.7, 16956.5, 153.5,
144.0, 141.34, 133.5, 127.6, 127.0, 125.0, 1219,51 117.5, 100.0, 81.2, 71.0, 70.8, 68.7,
66.9, 66.5, 61.4, 53.2, 47.3, 41.1, 39.5, 36.85,361.9, 29.9, 29.7, 29.5, 29.4, 29.3, 29.2,
29.1, 28.1, 27.3, 26.9, 26.7, 25.8, 25.5 20.7,,20065; MS (HRMS-TOF) €3H73N3016K,

calculated m/z 1082.4628 (M+K)found m/z 1083.6021 (M+K)

Compound 32 (N*(12-(12-(Fmocamino)dodecanamido)-dodecanoy@>-tert-butyl-
Glut-4-(2,3,4,6-tetra-O-acetyl$-D-galactopyranosyloxy)-anilide): Yield - 20% (0.250 g).
Colorless solid: m. p. 73-81 °Gy]p -6.3° € 1, CHCE); *H NMR (400 MHz, CDC}) 6 7.76
(d, 2H, Ph-H), 7.59 (m, 2H, Ph-H), 7.45 (m, 4H, I#H-7.39 (t, 2H, Ph-H), 7.30 (t, 4H, Ph-

H), 6.94 (d, 2H, Ph-H), 6.80 (d, 1H, N-H), 5.48%@n, 3H, H-2, H-4, N-H), 5.12-5.09 (dd,
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1H, H-3), 4.96 (s, 1H, H-1), 4.89 (bs, 1H, N-H)62-4.51 (m, 1Htert C-H), 4.45-4.34 (m,
2H, methylene protons of Fmoc), 4.30-4.10 (m, 3H5d&; H-6b,tert C-H), 4.04 (t, 1H, H-
5), 3.24-3.15 (m, 3H, methylene protons), 2.532#h, 1H, methylene protons of Glu),
2.40-2.27 (m, 1H, methylene protons of Glu), 2.2092(m, 8H, methylene protons and
COCH), 2.07 (s, 3H, COCH), 2.05 (s, 3H, COCH), 2.01 (s, 3H, COCH), 1.69-1.53 (m,
4H, methylene protons), 1.53-1.37 (t, 12H, methglgorotons), 1.36-1.15 (m, 25H,
methylene protons):*C{*H} NMR (100 MHz, CDC}) 174.0, 173.3, 173.1, 170.3, 170.2,
169.7, 169.4, 156.5, 153.5, 144.0, 141.34, 13323,6] 127.0, 125.0, 121.3, 119.5, 117.5,
100.0, 81.2, 71.0, 70.8, 68.7, 66.9, 66.5, 61.42,587.3, 41.1, 39.5, 36.8, 36.5, 31.9, 29.9,
29.7, 29.5, 29.4, 29.3, 29.2, 29.1, 28.1, 27.39,286.7, 25.8, 25.5 20.7, 20.6, 20.5; MS
(HRMS-TOF) GgHosN4O17Na, calculated m/z 1263.6668 (M+Najound m/z 1263.6660

(M+Na)".

Compound 33 {N*(12-(12-(12-(Fmocamino)-dodecanamido)-dodecanamigdodecano
-yl)-C>-tert-butyl-Glut-4-(2,3,4,6-tetra-O-acetyl$-D-galactopyranosyloxy)-anilide):

Yield - 5-8% (0.060 g). Colorless solid: m. p. 7D-&; [o]p -6.4° € 1, CHCE); *H NMR
(400 MHz, CDC4) § 7.76 (d, 2H, Ph-H), 7.59 (m, 2H, Ph-H), 7.46 (m, £h-H), 7.40 (m,
2H, Ph-H), 7.30 (m, 4H, Ph-H), 6.95 (d, 2H, Ph-B)53-5.40 (m, 3H, H-2, H-4, N-H),
5.12-5.08 (dd, 1H, H-3), 4.97 (s, 1H, H-1), 4.88,(bH, N-H), 4.59-4.47 (m, 1Hert C-H),
4.46-4.34 (m, 2H, methylene protons of Fmoc), 43 (m, 3H, H-6a, H-6ktert C-H),
4.10-3.99 (m, 1H, H-5), 3.26-3.11 (q, 4H, methyl@netons), 2.63-2.50 (m, 1H, methylene
protons of Glu), 2.41-2.26 (m, 1H, methylene prstoh Glu), 2.25-2.10 (m, 6H, methylene

protons and COC¥), 2.07 (s, 3H, COC¥J, 2.06 (s, 3H, COC¥J, 2.01 (s, 3H, COC¥),
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1.70-1.54 (m, 2H, methylene protons), 1.54-1.3%lt, methylene protons), 1.35-1.17 (m,
8H, methylene protons)-*C{*H} NMR (100 MHz, CDC}) 174.1, 173.4, 173.2, 170.4,

170.3, 169.7, 169.5, 156.6, 153.6, 144.1, 141.8,4,3127.6, 127.2, 125.3, 121.2, 119.6,
117.5, 100.1, 81.3, 71.0, 70.8, 68.6, 66.9, 6614,63.3, 47.7, 41.2, 39.5, 36.9, 36.6, 32.0,
30.0, 29.9, 29.8, 29.6, 29.5, 29.3, 29.2, 29.11,287.3, 26.9, 26.7, 25.8, 25.5 20.7, 20.6,
20.5; MS (HRMS-TOF) gH1:1NsO01eNa, calculated m/z 1460.8448 (M+Najound m/z

1460.8417 (M+N&)

Cyclic compound 38:Yield- 15-20% (0.50 g). oily liquid:of]o -7.6° € 1, CHCE); *H NMR
(400 MHz, CDC}) and**C{*H} NMR (100 MHz, CDC}) spectra are same as that for cyclic
pentavalent compoundl, but, mass value was:MS (MALDI-TOF) 168H10éN4O2sNa,

calculated m/z 2740.3934 (M+Nafound m/z 2744.6539 (M+N#&)

Cyclic compound 39:Yield- 12% (0.420 g). oily liquid:d]p +31.9° € 1, CHCE); 'H NMR
(400 MHz, CDC}) and**C{*H} NMR (100 MHz, CDC}) spectra are same as that for cyclic
pentavalent compound4l, but, mass value obtained was: MS (MALDI-TOF)

Cas3H206Ns041Na, calculated m/z 4097.1159 (M+Nafound m/z 4101.191 (M+N8&)

Cyclic compound 40:Yield- 5% (0.250 g). oily liquid: d]o -7.9° € 1, CHCE); *H NMR
(400 MHz, CDC}) and **C{*H} NMR (100 MHz, CDC}) Spectra are same as that for
cyclic pentavalent compoundl, but, mass value obtained was: MS (MALDI-TOF)

Ca3H394NgOseNa, calculated m/z 5471.8126 (M+Najound m/z 5470.975 (M+N&)
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Cyclic compound 41:Yield- 1% (0.032 g). oily liquid: d]o +31.7° € 1, CHCE); *H NMR
(400 MHz, CDC}) § 7.71-7.65 (m, 1H, N-H), 7.34-7.17 (m, 20H, Ph-B03 (d, 1HJ =
11.6 Hz, CH of Benzyl), 4.86-4.77 (m, 1Hl = 11.2 Hz, H-2, Cklof Benzyl), 4.76-4.59
(m, 4H, CH of Benzyl), 4.58-4.46 (m, 2H, H-1, Gtéf Benzyl), 4.45-4.33 (d, 1H, GHof
Benzyl), 4.18-3.96 (m, 3H, H-3, H-4, Gidf Benzyl), 3.90-3.80 (m, 1H, H-6a), 3.68-3.52
(m, 2H, H-5, H-6b), 3.09-2.95 (m, 1H, methylenetpns), 2.81-2.67 (m, 1H, methylene
protons), 1.31-0.91 (m, 10H, methylene protoh®J{*H} NMR (100 MHz, CDC}) 168.9
(NHCO), 138.7, 138.1, 128.5, 128.4, 128.3, 12828.1, 127.9, 127.8, 127.7, 127.6, 127.5,
127.4, 127.3, 98.8 (C-1), 80.0, 78.3, 75.8, 75407,773.9, 73.5, 72.1, 69.8, 67.4, 39.3, 30.0,
29.9, 29.8, 29.6, 27.1; MS (MALDI-TOF) 46H492N10070Na, calculated m/z 6835.4260

(M+Na)", found m/z 6838. 999 (M+N&)

Conclusions

In conclusion, a set of novel galactose- and |la:tmsed multivalent molecules having
amino acid-linked fatty acid chain as the linkeitetween the carbohydrate moieties
have been prepared in their protected form as pate@T inhibitors. A novel selective

Fmoc deprotection observed during this work haspthtential to be used as a method to
prepare glycopeptides with extended polyamide chamolecules that could possess

interesting supramolecular self-assembled strusture
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Captions to figures:

Figure 1. A cartoonic representation of the proposed glyogayates as potential polyvalent
protein inhibitors

Figure 2. Structure of a previously prepared cross-linkddgapyranoside

Figure 3. Various divalent compounds synthesized in thegated form and the building
blocks used for their synthesis

Figure 4. Synthetic tri- and tetravalent neoglycopeptidarids

Figure 5. Unexpected by-producB8 and29 in the preparation of the neoglycopeptitie
using building block23/26

Figure 6. Unexpected by-producB2 and33in the preparation of the neoglycopeptiie
using building block80 and26

Figure 7. Synthetic multivalent neoglycopeptide ligands ateptial CT inhibitors
prepared in their protected form and the builditegks used for their preparation
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Figure 7. Synthetic multivalent neoglycopeptide ligands adeptal CT inhibitors

prepared in their protected form and the builditagks used for their preparation.

35





