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Abstract:  Nuitably protecied building blocks for solid-phase synthesis of B-0-GleNAe glveopeptides. N-Fmoc-Ser(Acs-B-D-
(leNAcj-OPfp 1) and N*-Fmoc-ThriAc-B-0-GIUNAC)-OPfp 1T have been synthesized by siereoselective glycosylation of N*-
Fmoc-Ser-OPfp 6 and N*-Fmoc-Thr-OPfp 7. respectivelv. with the 2-irichloroethoxvearbonyvlamino (Teoc) glyvcosvl donors 3 and
5. followed by in situ reduction of the Teoc-group and simulianeous N-aceivlation using cine dust in tetrahvdrofuranlacetic
anhvdrideiacetic acid (3:2:7)

Recently. much attention has been focused on a new form of protewn glycosylation.” A wide variety of nuclear and
cytoplasmic proteins, including several structural proteins and transcription factors, are modified by the addition of single
N-acetylglucosamine residues B-glycosidically linked to the hydroxy side chains of serine and threonine. This novel type
of post-translational glycosylation is hoth an abundant and transient modification. The degree of glycosylation of
individual proteins is often modulated during the cell cycle or in response 10 specific physiological stimuli. The addition of
0-GIcNAc appears o be highly dynamic and it has been postulated that this madification plays a regulatory role in many
ways analogous to protein phosphorylation.” The increasing evidence of the importance of this post-translational
glycosylation has stimulated substantial efforts wowards efficient synthesis of O-GleNAc glycopeptides to delineate their
hiological functions.
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The most efficient and reliable approach to the synthesis of O-glycopeptides is the use of suitably protected 0-
glycosylated serine and threonine amino acids as building blocks in the stepwise assembly of glycopeptides.™  Most
previous published approaches towards glycosylated amino acid building blocks reguired multistep procedures, e.g.
exchange of protecting groups used tor the a-amino group and/or the carbohydrate hydroxyl groups and activation of the
carhoxylic group afier selective removal of the protecting group hoth lowering the overall yield. An altemative strategy
involving direct glycosylation of the active esters derivatives N*-Fmoc-Ser-OPfp 6 and NFmoc-Thr-OPfp 7 has been
developed which alleviates the manipulation of protecting groups in the glycosyl amino acids and allows direct use in
peptide synthesis.” The pentatluorophenyl(Pfp) ester serves as a protective group during glycosylation and as an activating
group during the peptide-bond formation. The synthesis of 2-acetamido-2-deoxy-B-D-glucopyranosides of serine or
threonine reguires glycosyl donors containing participating protective groups in the 2-position. Depending on the 2-amino
protecting group. particular problems have been observed in the synthesis of the desired building blocks. Glycosylation
with donors derived from N-acetylglucosamine or the oxazoline method require multistep procedures. Furthermore. the
reactions require high temperatures, strong acidic conditions and the yields are often very poor. These conditions are
incompatible with the temperature scnsitive PIp esters. Therefore. various glucosamine donors possessing modified amino
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tunctionalities have been investigated. In three previous papers™ we have described alternative strategies which simplifies
the direct glycosylation of the active esters derivatives 6 and 7 by employing the N-altyloxycarbonyl-(Aloc)" and the N-
dithiasuccinoyl (Dts)” amino protective groups. The desired N-acetyl group can than be generated altematively after
glycopeptide assembly on solid phase (N-Dts) or prior to its incorporation onto a peptide (N-Aloc).* The synthesis of O-
GleNAc building blocks has been simplified by performing direct glycosylation of the N*-Fmoc-Ser and N“Fnog-Thr
amino acids.”
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Scheme: Synthesis of the huilding blocks  10and 11. Reagents and conditions
£ ApOTt molecular sieves. CH ,ClLs. (-40°C). ii. Zn in THF/Ac¢,0/
HOAC (3:2:1).

In the present work an even more ellicient synthesis of the O-linked GlcNAg serine and threonine building blocks
10 and 11 is described. The procedure relies upon the use of the N-richloroethoxycarbonyl (Teoc)™ for the protection of
the amino group. The N-Teoc group has a number of advantages that make it 4 useful protecting group in the assembly of
these building blocks: 1. the neighboring group participation of N-Teoc leads to the desired B-glycosides ii). the undesired
oxwolne formation 1y prevented during glycosylation and iii). the Teoc group can be easily removed under mild
conditions in a chemospecitic manner compatible with the sensitive Pip ester.
The synthesis of the N-Teoc glycosyl donors 3 and 5§ was accomplished by described procedures. '
Glycosyl donor 3 is readily available from glucosamine hydrochloride without chromatographic purification. Thus, the
product of the reaction of glucosamine hydrochloride with Teoc-Cl s crystallized and after quantitative acetylation it is
converted into 3 with HBr in acetic acid. The subsequent silver trifluoromethansulfonate (AgOTE) mediated glycosylation
of N“Froe-Ser-OPtp 6 and A *-Fmoc-Thr-OPfp 7 with the glycosyt bromide 3 was carried out in dichloromethane at -
40°C. The desired B-glveosides 8 and 9 were obtained stereoselectively in isolated yields of 85 and 75 %. respectively,
alter silica gel purificaton.” The casy synthesis of 8 and 9 muakes this procedure a valuable alternative 1o previous
procedures. In our previous studies” of direct glycosylations of the amino acids 6 and 7 we found the use of the
tnchlorogeetimidate glycosylation method superior to the glycosyl bromide approach. Therefore. the imidate §"% was
treated with the serine and threonine Pfp esters 6 and 7 in the presence of AgOTY at room temperature and the desired B-
glycosides 8 und 9 were lurished stereoselectively in 87 and 90 4 yield, respectively. following silica gel purification.' It
has already been established that the Teoe group can easily be emoved with zine in acetic acid.™ On the assumption that
acelic anhydride is a beier acylating reagent than the Pfp ester. we tested the conversion of the N-Teoc protected glycosyl
amine acids 8 and 9 imto N-Fmaoc-Ser(Acs-B-D-GIeNAc-OPtp 10 and N*-Fmoc-Thr(Ac+-B-D-GlcNAC)-OPfp 11 by
reductive cleavige o the Teac-group using zine dust in tetrahydroturan/acetic acid in the presence of acetic anhydride
(3:1:2).7 The reaction is complete within 30 min. The O-GlcNA¢ building hlocks 10 and 11 were purified by
chromatography on silica gel and subsequently crystallized trom diethyl ether to afford compounds 10 and 11 in 75 and
TR % yield. respectively. During the conversion of 9 to 11 the formation of the cyclic lactam 12" as a minor side product
(less than §4) was ohserved. however no ecquivalent lactam fonuation during the synthesis of 10 was detected.

In conclusion. the ¥-Teoe glucosamine donors 3 and § in combination with AgOT! activation affords excellent
yields of the desired B-glycosides 8 and 9. The "one step” N-Teoe deprotection and N-acetylation can be readily
accomplished via reduction: with: zine dust in tetrahydrofuran/acetic anhydride/acctic acid (3:2:1). minimizing side
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reactions (lactam tormation). The simplicity of this method wlows the synthesis of the two building blocks 10 and 11 on a
gram scale with only four synthetic steps yielding products that are active esters which can be used directly for the
synthesis of O-GleNAc glycopeptides on solid phase.
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