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C-linked Glycosyl Azido Acid in Novel Solid-Phase C-Glycopeptide Synthesis.
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Abstract: A C-linked glycosyl decapepiide was syntihesised on solid-phase by a
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reductive deprotection. The unprotected C-glycosyl azido acid building block was

O ;]
incorparated by a TBTU coupling, subsequently reduced using DTT in DMF and
followed by further Fmoc-amino acid-OPfp ester couplings. Mouse hemoglobin (67-
76) carrying the C-linked glycoside in position 72 was prepared as a metabolically
stable T-cell glycopeptide antigen. © 1998 Elsevier Science Ltd. All rights rescrved.

Interest in protein-bound carbohydrates have increased over the last two decades due to the growing
understanding in different biological interactions."*® The carbohydrate part is mostly responsible for different
properties of solubility, molecular recognition, protease resistance and immunogenicity. These properties have
stimulated an interest in glycopeptides as therapeutic drugs.* Solid-phase synthesis of O-glycopeptides is

performed by either protected glycosylated serine or threonine amino acid building blocks® or direct
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has been developed. However, often the sensitivity of the glycosidic linkage towards both enzymatic and

chemicai degradation is probiematic.' Therefore, it is of great interest to exchange the less stable O-giycosidic
linkage between the amino acid and the carbohydrate to a more stable C-linked analogue.®' Recently, the C-
analogue 1 of O-B-D-glucopyranosyl serine” was prepared from benzylated gluconolactone. Compound 2
(Figure 1) was employed in the C-linked glycosyl decapeptide analogue of CBA/J mouse hemoglobin Hb (67-
76) VITAFNEGLK. The C-linked glycosyl azido acid was introduced at the position of Asn-72, where
introduction of glycan structures previously have been demonstrated to convert the non-immunogenic peptide
into strong glycan specific immunogens.'*
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employed as amino group precursors in organic solution chemistry for the last two decades. However, the
conditions of reduction used were usually heterogeneous and therefore not compatible with the requirements
for solid-phase reactions. The use of 1,4-dithio-DL-threitol (DTT) and other thiols in quantitative reduction of
the azido group in carbohydrates and peptides bound to the solid-phase were recently described' as well as the
synthesis of sterically demanding peptides using o-azido acids as building blocks.'® The application of azides
and the efficiency of DTT reduction (-N3 to -NHp) facilitated the synthesis of (C-linked glycosyl azido acid as

building blocks requiring less protecting group manipulation. Furthermore, the carboxylic acid of such building
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biocks may be converted to the highiy activated and chiraily stabie acid chiorides to be used, aiternatively to
the in situ activation with e.g. O-(benzotriazol-1-yl)-N,N,N’,N -tetramethyluronium tetrafluoroborate (TBTU),
in difficult coupling reactions.

The acetyl protected C-linked serine analogue 1" was synthesised by oxidation-vinylation of tetrabenzyl
glucose followed by glycosylation with methyl glycolate to yield the 1-vinyl-a-glucoside. Stereoselective {2,3]-
Wittig sigmatropic rearrangement using LDA and subsequent reduction of the double bond, yielded the 2-

hydroxy-B-C-linked glucosyl Ser precursor. The a-hydroxyl group was substituted, with inversion of
configuration, to the azzde using diphenylphosphoryl azide and tetrabutylammonium azide. Finally, acetolysis
AL thn hamol mrmiing catra nnmrnniind 1 Tha ~mdinal meietider 8 1 aa rrrrind oith ATRAD  comarsber ooy £1300

I e oenzyi: groups gave COmMpouna 1. 1n¢ oplicar purity Of 1 was COMirmed witnl INIVIR-SPpECLroscopy (L,

Compound 1 was deacetylated using NaOMe in MeOH at pH 11 (moist pH-paper) and then water was
added to hydrolyse the methyl ester (over night). The reaction mixture was neutralised using Amberlite IR 120
H' ion exchange resin, concentrated and 2 was used without further purification. A small sample was purified
on RP-HPLC and analysed by ES-MS and NMR-spectroscopy (°C, 'H, COSY)." Unfortunately, the NMR
experiments revealed that racemization had occured at the a-carbon during hydrolysis.

(OAc ~OH
A 1. NaOM AL
/\/\COOMe 2. NaOH oH COOH

Figure 1 The hydrolysis of the C-glycosyl azido acid building block afforded a mixture of the two a-sterevisomers'®

Poiyethylene giycol polyacrylamide (PEGA) resin was derivatised with the base labiie p-
hydroxymethylbenzoic acid (HMBA) linker using TBTU/N-ethylmorpholine (NEM) activation.”® The first
amino acid (AA), Fmoc-Lys(Boc)-OH was coupled to the HMBA linker using 1-(2-mesitylenesulfonyl)-3-
nitro-1H-1,2,4-triazol (MSNT)/1-methylimidazole (Melm) activation.” The tetrapeptide (H-Glu(O/Bu)-Gly-
Leu-Lys(Boc)-HMBA-PEGA) was synthesised using Fmoc-amino acid-pentafluorophenyl (OPfp) esters with
3,4-dihydro-3-hydroxy-4-oxo-1,2,3-benzotriazine (Dhbt-OH) catalysis and 20% piperidine/DMF for Fmoc

cleavage. The unprotected C-glycosyl azido acid building block (1.5 equiv.) was introduced using TBTU/NEM
activation. The product was cleaved from a few beads and analysed by ES-MS revealing unreacted tetrapeptide
dev oA AN b bl Aciantad wendiiad Thaealaen, sb P — sac vonoatad NS o~ R o J& I N
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subsequent reduction of the azide using 2 M DTT and
reaction was terminated after 3 hrs and a few beads were acetylated (Ac;O/DMF), deprotected, cleaved off
from the resin and analysed by ES-MS. Attempts to use MALDI-TOF-MS to follow the progress of reduction
were unsuccessful. However, according to ES-MS complete reduction of the azide had been accomplished and
a minor amount of unreacted tetrapeptide was also observed. The solid-phase synthesis of the C-linked
glycosyl  decapeptide  (H-Val-lle-Thr(Bu)-Ala-Phe-Ala(C-p-D-Glc-CH;-)-Glu(O7Bu)-Gly-Leu-Lys(Boc)-
HMBA-PEGA) was completed using OPfp esters and Dhbt-OH catalysis. Cleavage, of the acid-labile

nrotection eroups. using 95% TFA followed h cleavage from the reqin usine 0.1 M NaO neutralisation

protection groups, using 95 tollowed cleavage from the resm using 0.1 M NaOH neutralisation
. + e . .

using Amberlite IR 120 H' ion xchang esin and lyophilisation gave 52 mg of the crude peptide. RP-HPLC
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separated by RP-HPLC and analysed by MALDI-TOF-MS, ES-MS and NMR-spectroscopy ('H, COSY). The
T-cell stimulation with compounds 3 and 4 is currently being investigated.
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Figure 2 Compound 3*!, the major of the two a-stereoisomers of the C-glycodecapeptide separated by RP-IIPLC.
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Figure 3 NMR spectrum of the C-linked glycosyl decapeptides 3% and 47 together with the MALDI-TOF-MS (Bradykinin 1060.2 as ref)
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Methy} 2-S-azido-4-C-(2,3,4,6-tetra-O-acetyl-p-b-gluicopyranos-1-yl)-butanoate 1 (ES-MS (M+Na)" calcd 496.4 obsd

496.0) >C NMR (600 MHz, CDCls, 300K CDCl, 77.7 ppm) 21.3, 21.3, 21.4 (CH;CO), 28.0, 28.2 (CP C), 53.3 (CH;0),

62.6, 63.0 (C6, C%), 69.3, 72.4, 74.9, 76.4, 78.2 (C1-C5), 170.2, 170.4, 171.0, 171.4, 171.4 (CO). '"H NMR® (600 MHz,
CDCl,, 300K CHCl; 7.27 ppm) 1,56, 1.70 (m, 2H, H"), 1.76, 2.07 (m, 2H, H%, 2.0, 2.02, 2.05, 2.08 (m, 12H, CH,CQ),

3.44 (dt, 1H, J,, 9.4, J,,2.5Hz, HI), 3.63 (ddd, 1H, J549.8, J56.2.2, Js 6 5.1 Hz, H5), 3.80 (s, 3H, CH;0). 3.92 (dd. 1H,
Jop 4.5, 8.8 Hz, H), 4.10 (dd, 1H, Jgg 12.3 Hz, Js5 2.2 Hz, H6%), 4.21 (dd, 1H, Js6 12.3, J6 5 5.0 Hz, H6b), 4.88 (t, 1H, J23
9.5 Hz, H2), 5.04 (t, 1H, J,5 9.6 Hz, H4), 5.17 (t, 1H, J14 9.3 Hz, H3).
2-R,S-Azido-4-C-(2,3,4,6-tetra-0-acetyl-f-nD-glucopyranos-1-yl)-butaneic acid 2 (ES-MS (M+H)" calcd 292.3 obsd
292.2) *C NMR (250 MHz, D,0, 300K) 25.2x2, 25.4, 25.5 (C*a,b; C'a,b), 59.3 (C6), 60.4, 60.7 (C*a,b), 68.3x2, 71.6,
71.7,75.7,76.6 77.2, 77.9 (Cla,b-C5a,b), 173.1, 173.1 (COOH a,b). "H NMR (600 MHz, D,0, 300 K, HDO 4.75 ppm)
1.52, 1.93 (m, 2H, H'a), 1.50, 1.94 (m, 2H, H'b), 1.82, 2.09 (m, 2H, Hﬁa) 1.96 (m, 2H, H%) 3.15 (dt, 1H, J;,5 9.0 Hz,
H2), 3.29-3.33 (m, 3H, Hla,b; H4, H5), 3.41 (dt, 1H, J5,, 9.0 Hz, H3), 3.64 (dd, 1H, Jss 11.9, J55 5.0 Hz, H6ba,b), 3.85
(d, 1H, Je¢ 11.7 Hz, H6%a,b), 4.23 (dd, 1H, T 4.4, 5.1, 7.3, 8.0 Hz, H a,b).

Knorr, R.; Trzeciak, A.; Bannwarth, W.; Gillessen, D. Tetrahedron Lett. 19

Biankemeyer-Menge, B.; Nimiz, M.; Frank, R. Teiranedron Leit. 1990, 31,
H-Val- l]e-Thr-Ala—Phc—A]a(C B-D-Gle-CH;-)-Glu-Gly-Leu-Lys-OH 3 (major component) (ES-MS (M+H)" caled

89, 30, 1927
7
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1224 8 obsd 1224.7, MALDI-TOF-MS (M+H)" calcd 1224.8 obsd 1224 8). 'H NMR (600 MHz, D,0, 300 K, HDO 4.75
ppm) 0.83 088 (L%, Len-9), 0.85 (I°, Ile-2), 0.97 (V, Val-1), 1.15 (T", Thr-3), 1.17 (I", Ile-2), 1.27 (AP, Ala4), 1.38 (K7,
Lys-10), 1.55 (LY, Leu-9), 1.59, 1.87 (Lrj Leu-9), 1.64 (A", Ala-6), 1.64 (K8 Lys-10), 1.71, 1.86 (K" Lys-10), 1.82 (Iﬁ

Tle-2), 1.96, 2.14 (EB Glu-7), 2.17 (VP, Val-1), 2.42 (E', Glu-7), 2.94 (K®, Lys-10), 2.95 (AP, Ala-6), 3.01, 3.05 (F?, Phe-
5), 3.12 (H2), 3.28 (H4), 3.34 (HS), 3.41 (H3), 3.64 3.86 (H6), 3.83 (V*, Val-1), 3.89 (G*, Gly-8), 4.14 (T®, Thr-3),
4.15 (L%, Leu-9), 4.16 (H1), 4.25 (K%, Lys-10), 4.27 (A%, Ala-4), 4.27 (A%, Ala-6), 4.30 (I*, lle-2), 4.34 (T% Thr-3), 4.34
(E* Glu-7), 4.50 (F*, Phe-5), 7.22, 7.31, 7.35 (aromatic H, Phe-5).
H-Val-lle-Thr-Ala-Phe-Ala(C-B-p-Glc-CH,-)-Glu-Gly-Leu-Lys-OH 4 (minor component) (ES-MS (M+H)" calcd
1224.8 obsd 1224.7, MALDI-TOF-MS (M+H)" calcd 1224.8 obsd 1224.8). "H NMR (600 MHz, D,0, 300 K, HDO 4.75
ppm) 0.84, 0.90 (L%, Leu-9), 0.85 (I°, lle-2), 0.97 (V*, Val-1), 1.13 (T?, Thr-3), 1.28 (A®, Ala-4), 1.38 (K", Lys-10), 1.47
(', Tle-2), 1.58 (L7, Leu-9), (L*, Leu-9, nd), 1.64 (A", Ala<6), 1.64 (K®, Lys-10), 1.71, 1.86 (K*, Lys-10), 1.82 (@, Ile-2),
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1.97, 2.10 (B, Glu-7), 2.08 (E', Glu-7), 2.17 (V#, Val-1), 2.94 (K%, Lys-10), 2.95 (A®, Ala-6), 3.00, 3.07 (F*, Phe-5), 3.08

(H2). 3.26 (H4), 3.29 (H5), 3.38 (H3), 3.63, 3.83 (H6%), 3.83 (V*, Val-1), 3.89 (G*, Gly-8), 4.08 (T®, Thr-3), (L*, Leu-9,
AAY A 1L ATIN AN /L ¥ o 1Y A NS IEE M TN AL AAC Aln AN A YT AAD ATa LN AT TE The 2Y) A’}{\II“ Tla M
ndj, 4.10 (1), 4.45 (A, LYS-1U), 4. L3 (L, Ull~7 ), 4. L0 (A, AId-4), 4.21 A, A1d-0), 427 \1 , 1if-3), 8.5V (U, -2},
A RAMR% Dha &Y 7179 7171 718 (farnmatin H Dha_3’)

GO\, a3, /.24, /.01, .02 \@iOliaus 0o, rai=3).



