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Recently. rnucl~ ;Itrcntic)n (XL\ hccn ~(ICUWI on ;L new ionn of prc)tcm glycosylation. A wide variety of nuclear and 
cytoplasmic protein.\. including scverll structural proteins ;UKI transcription factors, ;Lre rntxiified by the addition of single 
Iv-acetylglucosllmine residues p-glycosidical1y linked tcr lhe hydnrxy side chains of serine and threonine. This novel typo 
of post-tr~slatic~~~l glycc,sylation I+ h)th an ahundml Ed tnmsient nitxlification. The degree of glycosylation of 
individual proteins is often mtxtulatetl during the cell cycle or in resptnse 10 specific physiological stimuli. The addition of 
O-GlcNAc appears to he highly dynamic ;mtl it has ken postulated thut this modification plays a regulatory role in many 
wily5 ru~Iogr)us to protein phosphrq4ation.’ The incn‘wing evidence of the importance of this post-tran4ational 
glyccrsvlalion has stirnulutcd suhxlanlid effort> towurdr cllicient synthesis of 0.CXcNAc glycopeptides to delineate their 
hic&@al tunction5 

The IIN)SI etficlent and rcllahlc appn)ach 10 11x \ynthesls (11 0glycrqqtitles is the use of suitably protected O- 
glycct~ylated scnne and thrconinc ;uninr, ;Lci& ;LS huiltlmg hlcck\ in the xtepwlse assembly of glycopeptides.“’ Most 
previous puhlishcd apprctacho towards glycosylated ;unino acid huiltling blocks required multistep prtxedures. e.g. 

cxchanpc ct pn)tecling gn)ups used for the a-mine group and/or the carbohydrate hydroxyl groups and activation of the 

carhjxylic gn)up after selective removal of the protectmg gn,up both lowering the overall yield. An alternative strategy 
involving direct glycosylalion ot the active eslers derivurivcs N”-FmtK-Ser-OPfp 6 wit1 N”-Fmoc-Thr-OPfp 7 has &en 
tlcvcloped which alleviates the manipulation of pn~tectm& r grclups tii the glycosyl amino acids and &)ws direct use in 

pcptitlc synthesis ’ The pentaflucm)phenyl(Pfp) ester swws as ;I pndcctive prc,up during glycosylation and ;LS an activating 

group during the peptide-hntl formation. The bynthesit ot 2-clcetluiiitlo-2-tleoxy-~-~glucopy~~osi~les of serine or 
tlueonine requires glyzosyl donc~rs containing psnicipating pn)tective gn)upc in the 2-position. Depending m the 2-amino 
protecting gnjup. parncular problems have heen ohservcd in the \)nthesi\ of the desired huiltlinp blocks. Glycosylation 

with tlc~non derived In)m N-acctylglucl,s;trnine or the oxlvtrlinr methtxl require multistep procedures. Furthermore. the 
reaclions requtre high Ienrperatures. \tn,ng acitliL condmonb ;iIid the yields are ofien very poor. These conditions are 
inctmpatihle with the tempcraturc scnsm\c Pfp e\tcr\. Thcrcftrre. varic,us glucosamine donor\; possessing mcWied amino 
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tuncllcwllllcs hmc hceu Illvc~tiptied. In three previi~ paper\‘-’ WC have tle~crihed alternative strategies which sirnplities 
the direct glyclrsylation 01 the active esters derivatives 6 lu~i 7 hy employing the N-allyloxycarhonyl-(tUoc)” and the N- 
tlithiasuccinoyl (Dts). LUIIIIIO pn~tectlve groups. The deslrctl N-acetyl prr,up can than he generated alternatively after 

glycopeptide asscmhly on holid phase (WDts) or pntrr to its Incorporation onto a peptnle (N-Aloe).” The synthesis of O- 
GlcNAc huiltling hl(~ks ha heen snnplificd hy perlonninp dlrcct glycosylation of the N”-Fmoc-Ser and N”-Fmoc-‘Ilu 
amino acids.’ 

,. 
3R=Br 
4R=OH 

6R=H 6R=H 
7R=CH, SR=CH, 

5 R = OCNHCCI, 1 ii 

/OAc 

10 R=H 
8 11 R=CH, 

Teoc = ~o-CC,3 
., 

III the prc\cm v., Irh .tn L-WI nh)rc cllicicrit hynthca (It 111c O-lmkctl CilcNAc scrine and threcmmc building blocks 

10 aid I I i\ tle~cnhcd. The pn~cctlure relreh up011 the u’rc o( ~hc hf.trlcl~l~lnrthr~xycarhlnyl (Tecrc)“’ for the protection of 
the amino gn,up. TIC N-TCOC grc,up ha a numhcr (I( ~dvant;~gc’; that tiiake II ;I usclul pmlecting group in the assembly of 

thcsc budding hl(Kkr: I) the ncighhtrring group participation cd ,!Q!-Tecc Icad\ to the desired P-glycosides ii). the undesired 
~,xa/r~luu I~~rmatll,ii I\ prcvcntetl during glycosylation and lil). I)IC TUCK group can hc easily removed under mild 
~c~ntl~l~trns in il chem~,\pecl lit ni;uuier c~rnipatihlc with the scnsltivc Pip cstcr. 
The synthckis of the A’-Tcoc glycosyl donon 3 and 5 w;o, acc~qdiahcd hy tlcbhctl pnrcdures.” ‘- 
Glycr~\yI d~~Ii<Ir 3 i‘; rcatlrl) uvallahlc lnlnl ~lucc~s~nmc hydnchlontic withc,ut ~luoillatclgraphic purificatltrn. Thus, the 

product (It the rcactlrlli (11 glucoamillc hydrochl~tritlc with TCIK-(‘I I\ cryatllid and after quantltativc acctylation it is 
converted illto 3 v,~th HHi III ;Icctlc KKI. 11s \uh\equcnt \IIvcr trilluc~rtrnlerh~i~ullrniirc t ApOTD medialed glycosylation 

01 N”-FnicK-Scr-OPfp h and 2”‘-Flllo~-nir-OPlp 7 with thr glyco\yl hromitle 3 was carrictl cu in tlichlcmmethane at 
51) ‘C~‘. The tlcaircd p-gl,c~ WICLI X and Y wcrc ohrained \tereosclecti\cly in lacdated yields of X5 and 7.5 ‘/r respectively, 

alter \Ilic;i gel punliL.~tn~n. ” The caay synthcsi\ ot X and Y maker this procctlure LL valuable alternlr~~vc IO previous 
prcccilures. In our prc\ loti\ srutlres’ of direct glycc~syluti~~rb 01 the 4n111io acids 6 and 7 wc ttruntl the use of the 
trichl~~nucctuniitl;~tc $!IIIQ~~~IIOII mcthotl \upcnor to tlic glycohyl hromitlc approach. Therefore. the mdite 5’” was 

treated with the urine UKI thrc~~nme Pip c\tcr\ 6 and 7 111 the prchcnce ol AgOTt at room temperature and the desired p- 
$yc~Clcs 8 illId Y wcrc lumidicd stereclselectivcl\ in X7 slit1 Y(l ‘% vicltl. rc5pectivcly. lidowing silica gel purification.” It 

ha alrc,dy hccn i‘st;lhli\hcd that the TCCK goup & cusily hc rc&,vcd with Lint in acetic acitl? On the assumption that 
~ICCIIC ~uihydntlc i\ ‘I hcttcr acylating reagent than the Pfp atcr. wt‘ ~csled IIIC convcrsioii trf Ihc N-TCCK: protected glycosyl 
;unin~~ acid\ 8 did Y IIII~I Z’L-Fiii~~-S~rtA~,-~~-L~-~il~NA~~-OPtp IO luicl Y”-Rnoc-nlr(Ac,-B-u-ClcNAc)-OPfp II hy 

rcduclivc clca~afc 01 the TclK-grrjup using /IIIC dust in tctrahytlrl)fur;uli;r~ctic‘ acid m the prcscnce of acetic anhydride 
(3: I ,‘) “ .L The rI’;Lc’tItIiI I\ c~~mpletc wilhin 30 ~UIL The fI-GIcNAL hulkhng hltlcks IO and I I were purified hy 
~lln~~na~~,erapIry OII \11lc;i gel and suhsequcntly ~rystdll/ctl tn)nr diclhyl ether tcl aftortl con~pc~~ls IO antI I I in 75 & 

7X ‘L y&l. rc\pcctd) During the coiivrrbioll 01 Y to I I the lonnat~~~n d the cyclic Inctam 12'" as 4 mmor side product 
(lcs\ Ihan 5(4 I \%a ~lh\erv~tl. hcrwcver no cqu~ralcnt lactam ftrnrlatl~~n during the synthesis of IO wah detected. 
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reaclioiis (I;lcl~n I~mnalion). The simplicity of Ihis mclhcd dlows the synthesis of the two building hltxks IO and 11 on il 
“T;LII~ scale with only tour synthelic steps yielding prcducth thut ;~re active esters which C;UI he used directly for the c 
synthesis 01 O-GlcNAc glycopcp~itlcs on solid phase. 

Acknowledgements: Thr\ work W;L~ suppcmcd hy the Id‘ Prcqranl (M.hl.. grin SCl*-CT?%0765). 
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H. P~lulse~l d B. Hclpap, (‘trr/d!vdr-. Kc.\.. IY)‘jl, 216. 2%.I I: 

Synthesis 01 X untl 9: Mdd A The hromitlc 3 ( 7~. 5.52 mmol) m thchloromethane (25 ml) was added dropwise 
over I5 mm IO ti solution 01‘ N’-Fmtc-Scr-OPlp 6 (1.45 g. 4.Y7 mmol) or N”-Fmoc-Tin-OPfp 7 (2.52 g, 4.97 

uunol). AgOT i 1.56 g. 6.07 mmcd) ulrtl mcdecular ~ICL’C~ (7A) m dichloromethru~e al - 40’ C in the dark. The 

mixture w;b \limtl for 211 ;~t - 40” (‘ ;~lul Ihiui dl~~wccl IO w’;~nn up to npoin temperaUre. The mixture wzs then 
without tunhcr neutrdisaiioli liltered rhrough (‘clile ;md ctrncentmletl. VLC [light perrolcum-ethyl ;Lcel;Lle (3: I)] 

q~t’ltlcd lhc title ctqn~~nd~ X (4.(l4 g, X5% 1 UI~I 9 ( 1.61 g. 75% 1. 
‘Mrrl!d H’ Imitl:rte S (1 g, 1.60 mnndj. corn~~~~d 6 (71.5 mg. 1.45 mmol) or 7 (735 mg. 1.45 mmol). AgOTf 

(452 m.&!. 1 .7h rnmolj WIT molecular sieves I 3.4) were placed in pre-dried tlask m the dark and dry 

tllchlc~ronicthanc w&\ mjecretl. The solutirm was ql~rretl ovemlght, tilteretl through Cclite and concentrated. VLC [ 
ltghl pelrcbleum ethyl ilcet;Ltc (3: II] yielded the litlc compc~unr6 8 (I.21 g, X7%) untl 9 (1.26 g. YO%), 
rqecrivcly Com/~ounrl 8; [aJrlD 4.4 (c 1.0. I’DCId Ci<,HwCI?F<N20,4 [MALDI-MS (M+H)+ calcd 
Y57.Oh.ohsd Y57.141. ‘H NMR (250 MHL. (‘D(‘I:). h.OX (IH. FmocNH). 5.54 (IH. NH), 5.30 (IH, H-3). 5.0’) 

(IH.H-4).4.l)3(IH,a-H Scr).4.74;Ind4.64(~H.CH~CCli).4.73(1H.J,,,=X.IXHzH-1).4.S7ar~tl4.36(2H. 

FmocCH~). 4.44 duld 4.01 (2H. p- rultl P’-H Seri. 4.2X ( I H. FmttiCH). 4.25 and 4. I9 (2H. H-63 anti H-6h). 3.7 I 
(IH. H-5). 3.hX (IH. H-2). 2.07 (YH. ? x OAc). I’(’ NMR (62.‘) Mb. CDCII): l(X).92 (C-l). 74.Y2 (CHzCC13), 
77.3X (C-5). 72.10 ((‘-7). 6X.X’) (c-4.1. hX.XX (P-C‘ Ser). h7.Y4 (Fmc~: CH2). 62.2X (C-6). 56.50 (C-2), 54.54 (C- 
a Scr). 47.47 (Fmcw (‘II), 20.9X (3x OAc). (‘~,n~[~oud Y; [a]!;” - 17.7 (c 0.95. CDCl?) CslHxC13FsN20,4 
IMALD-MS tM+Hj’ dcd 071.(r). ohsd Y71.241. H NMR (250 MHz. CD&): 6.01 (Fmoc NH). 5.33(NH), 

5.3 (H-3). 5 12 (H-4). 4.74, aid 4.72 (CH:CCI,j. 177 (a-H Thr). 4.72 (Ji2=X.07 Hr. H-l). 4.67 (P-H Thr). 4.53 
md 4.35 IFm(nCH,j. 4.11 (FmcdHj, 4.26 imtl 4. Ill (H-ha arid H-6hj. 3.72 (H-5). 3.69 (H-2), 2.0’). 2.07 and 
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2.05 (3 x OAc,. I ?h (y-H. Thr). “C NMR (62.1~ MH/. CDCII): YX.44 (C-l), 74.YX (CHzCCI,), 73.22 (C-p. 

ThrL 72.24 (C-S). 7l.Yl (C-7). 6X.74 (C-4). 6X.02 (Fm(%CHI). h2,IY (C-6). SY.05 (C-a Thr). Sh.7Y (C-2), 

37.5 I (FmocCH,. 2I.tIS. 20.0’1. 20.X3 (OAc). 16.74 (C-yThr) 
R. B. Wtxdwarti. K. Heusler, J. Gosteli, P. Naegcli. W. Oppckr, R Rwnage. S. Ranganuthan. H. Vorbriiggen, 
.I. Am. Chrni. Sot I Yh6. XX. X52 

Topic c!/ c~cp’rin~~~~tc~/ pr~~~~hu~~ To ;I siirretl <~)IUIIIIII (11 compc~untl X (2 g. 2.0’) mm11) or 9 (2 g, 2.06 mmol) in 
letrahydn~fucln/~cet~c anhydritlc/acclic acid (h(l nil. 3:2: I ) W;L\ added /inc dust (5 g, 325 mesh). After stirring for 
2 II. the mixture wu liltcred through Celite. rinsed $cvcrd limes ulth treshly distilled THF ;uid concentrated. 
Puri ticalion hy chromatography OII dried silica gel tcluent: ethyl acetate/light petroleum 2: I ) and suhsequenrly 

crydlisatitrn afforded be crystalline comptrunds IO ( I .2Y p, 7S’% ) antI 11 ( 1.14 g. 7X %), respectively. NMR 

thtu. melting poinls and ~qkJ rotations [ ali arc in grccment with those previously reported”. A small fraction ( 
It’ss thlln 59 ) of la~am 12 was isolated from the purlticaticrn of I1 h] silica gel chromatography. 

Cornpow~ci 12: la],,’ + 17.5 (c 1.7. CDCll) C3,HuN:OI: [MALDI-MS (M+H)’ cdctl 61 1.62, ohsd hl 1.57) ‘H 
NMR (250 MH/. CDCli): 6.25 (IH. NH). .5.X6 ( I H. 5.2 HI. NHFmoc), 5.14 (IH, H-4). 4.‘)‘) (IH. H-7), 4.74 

(IH. a-H Thr).l.hY(lH. 7.71 H/. H-1),4.43 ant14.17 (2H. FmocCHL),4.3S (IH. P-H Thr). 4.21 antl4,ll (2H. 

H-ha and H-hh). 4. I4 (IH. FmtcCH). ‘3.67 (IH. H-S). 3.62 (IH, H-2). 1.31 (3H. 6.02 HI. y-H Thr), “C NMR 

(62.Y MHI. CDCI:). Yh.tl.5 (C-l). 72.Y7 (C-S). 72.X’) (C-3). 71.02 ~Fnin&H~). 67.59 (C-p Thr). 67.51 (C-4). 

62.05 ((‘-6). 54.1 IC-7). 5X.41 (C-a. Thr). 4735 (FmocCH). 21.14. 20.Y4. 20.Y3 (7 x OAc). 12.X3 (C-y. Thr). 
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