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Abstract: In order to facilitate the solid-phase syntheses of protected glycopeptide
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blocks, we designed a novel silyl linker, which allows the alcoholic side chain

(carbohydrate, serine, or threonine) of (glyco-)peptides to link to the solid support.

Utilizing this linker, peptide coupling reactions at both the N- and the C-termini were
successful. Synthesis of the glycophorin AM fragment corresponding to the N-
terminal glycohepmpeptjde is demonstrated. © 1999 Elsevier Science Ltd. All rights reserved.
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Introduction

In the conventional solid-phase synthesis of peptides, the first (C-terminal) amino acid is linked to the
resin via a benzyl ester-type linker and then the N and side-chain protected amino acids are sequentially
assembled by either a manual or machine-aided procedure. The crucial step for cleavage of the synthesized

peptides is usually combined with deprotection of most of the side chain functional groups. This strategy has
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synthesis stems from the combinatorial approach to small-molecule libraries for pharmaco
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various specific linkers have been designed to adapt to the diverse target molecules. ong the reported
linkers, those consisting of arylsilane or silyl-ether3 are particularly intriguing, because their chemoselectively

cleavable properties would also provide a new procedure for the glycopeptide synthesis.

Fragment Stepwise
condensation M : linker

@ : protecting group

matter © 1999 Elsevier Science Ltd. All rights reserved.
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In the course of our studies aiming at synthesis of larger glycopeptides,4 an efficient method to prepare
the fully protected glycopeptide segments was required. = Here we propose a novel silyl-ether type linker
which enables the side-chain hydroxyl groups of the peptide or glycopeptide to bind to the solid support. A
key feature of this approach is the feasibility of peptide chain-elongation at both the N- and C-termini by block-
or step-wise condensation. The synthesized oligomer in a protected form should be released from the resin by
fluoridolysis. Scheme 1 illustrates the outline of this procedure.  Our preliminary investigations on this work

have already been reported.5 It is noteworthy that based on a similar concept Danishefsky and co-workers
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have recently reported the synthesis of oligosaccharides and their transformation to glycopeptides on a solid
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Results and Discussion

Our studies started with the preparation of an appropriately functionalized silicon derivative.
Chloro(a., at-dimethylbenzyl)dimethylsilane 16 was hydrolyzed with ag. KOH to silanol 2, nitration of this
with ammonium nitrate-trifluoroacetic anhydride in CH,CN afforded p-nitro compound 3 in 61% yield.
Chlorination of 3 was readily achieved by treatment with oxalyl chloride and a catalytic amount of DMF in
CH,Cl, to give the key compound 4 as colourless plates.  Silyl-etherification of B-hydoxy amino acids 5, 6
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and O-linked glycosyl amino acids 7, 9 with 4 was examined under several

silylation procedure using silyl chloride and imidazole in DMF was not very successful (Procedure B). The
desired silyl ethers were obtained in moderate to low yieids by this method. In most cases, the major side
reaction was the formation of silyloxysilyl ethers as represented by compound 14 and the concomitant
elimination of p-nitrocumene. The mechanism of this undesired side-reaction is unclear. Bis[(c,0t-
dimethyl-p-nitrobenzyl)dimethyl]disiloxane 15, prepared from 3 and 4, did not react with the serine hydroxyl
group in the presence of imidazole in DMF. The once-formed silyl ether 10 was no longer convertible into
14 under the silylation conditions. In contrast, acceptable yields were obtained when the alcohols were treated
with 4, Nal, and N-methylmorpholine in DMF (Procedure A). Silylation of 9 using imidazole in THF also

gave a g0o od le]d without formation of the side nd uct (Pr. ure C).

Cl (e}
Hao—?i—CHa nao—?i'—CHs
1: X=Cl 3: X=0H
2: X=0H 4: X =Cl
_OR \/OR
FmocNHJ\COOAII FmocNH/LCOOAII
5:R=H 6:R=H
10: R = SiMe,C(Me)CeHa-NO; 11: R = SiMe,C(Me),CeH4-NO,
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97-100% (A), 37% (B) 73% (A), §% (B)
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Scheme 2

A first example of the solid-phase synthesis using this linker was displayed by the growing chain in the
N-terminal direction. The silyl ether 10 was reduced with Zn-AcOH to the aniline derivative 16, which was
treated with succinic anhydride to afford succinanilic acid 17 in 87% yield (2 steps). The carboxylic acid 17

was activated with HRTU (O-benzotriazol-1-yI-N, N, N’, N’-tetramethyluronium hexafluorophosphate) and
url—

FmocGly preloaded Wang resin. The reaction was performed in NMP (N-methylpyrrolidone) as the solvent
using a vortex tube-mixer. The efficiency of this acylation was estimated to be 99.9% by ninhydrin test.

The serine-bound resin was N-deprotected with 50% piperidine in NMP and coupled with the N-
acetylgalactosaminyl threonine derivative 207 in the HBTU-HOBt activation conditions. The reaction was
completed by vortex-mixing overnight and ninhydrin monitoring displayed the coupling efficiency to be 99.9%.
N-Deprotection and the coupling procedures were repeated to produce disaccharyl tripeptide 21.  Cleavage of
the synthesized glycopeptide from the resin was achieved by fluoridolysis using CsF and AcOH in DMF. The
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product 22 was readily isolated by simple chomatography and the overall yield from 19 through two coupling

steps was 73%. The use of TBAF (tetrabutylammonium fluoride) in the place of CsF partly resulted in
Alamsiama AL sh o T A SeEATTs
cleavage o1 Uic r'moc group

C-Terminal peptide chain elongation was next examined. The serine-linked resin 18 underwent ready
deallylation on treatment with Pd(PPh,), and dimedone in THF. Activation of the liberated resin-bound
carboxylic acid 23 followed by coupling with tripeptide 248 was performed using HBTU-HOBt and i-Pr,NEt
in NMP. The resulting resin was treated under fluoride condition to afford tetrapeptide 2 5 in 76% yield.

Convinced of the potential usefulness of this side chain-tethering strategy for glycopeptide synthesis,
embarked on the solid-phase synthesis of an N-terminal heptapeptide fragment of glycophorin AM in the
sialo form. With respect to the related fragment bearing the disialylated tetrasaccharides, we have previously
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Scheme 4

In a similar manner as above, the silyl ether 13 was attached to the resin through reduction,
succmoylanon, and activation with HBTU-HOBt. Pd(0)-catalyzed cleavage of the allyl ester 27 was followed
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carried out with Jl O‘l and 3

as acyl donors. In each peptide-coupling reaction, two equivalents of the
soluble substrate were used and mnhydrm test exhibited high efficiency. The glycopeptide thus synthesized
was detached from the solid support using TBAF and AcOH in THF. Purification by gel filtration and
preparative TLC afforded the target glycoheptapeptide 39 in 55% overall yield. The compounds 39 was
characterized by '"H-NMR and high resolution FAB mass spectra. Any glycoamino acid unit-deleted analog
was not detected from this svnthesis.
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High efficiency was obtained in each peptide coupling on the basis of Fmoc methodology. Isolation

synthesized glycopeptide oligomers was readily accomplished by fluoride ion-mediated hydrolysis and simple
chromatographic purification. Because of easy instaliation of the silyl linker and enough stability in the
conditions of Fmoc chemistry, this side chain-tethered strategy should be of great utility in the synthesis of

various glycopeptides.

Experimental
Optical rotations were determined with a Jasco DIP-370 polarimeter for solutions in CHCI;, unless
noted otherwise. Column chromatography was performed on Silica Gel-60 (E. Merck 70-230 mesh or 230-400



mesh). TLC and HPTLC were performed on Silica Gel 60 F,,, (E. Merck). 1H and 13C NMR spectra were
recorded with a JEOL AL400 [H (400 MHz), 13C (100 MHz)] spectrometer. Chemical shifts are expressed in
ppm downfield from the signal for internal Me4Si for solutions in CDC,. Fab mass spectra were obtained with
a JEOL spectrometer (3-nitrobenzyl alcohol was used as a matrix). Fmoc Gly-preloaded HMP resin and the
reagents for the peptide synthesis were purchased from Perkin-Elmer Applied Biosystems, Div. Al the solid-

phase reactions were performed at room temperature in the capped polypropylene test tubes with stirring on a
vortex tube-mixer.

J

To an ice-cooled solution of chloro(c, a-dimethylbenzyl)dimethylsilane (26.6 g, 0.13 mol) in ether (75
mi), was added with stirring a solution of KOH (8.4 g, 0.15 mol) in 80% aq. MeOH (100 ml) by portions.
The mixture was then stirred at room temperature for 20 h.  Ether layer was separated and aqueous layer was
extracted with ether. The combined etherial extracts were washed with brine, dried over Na,SO,, and
concentrated in vacuo. ' The crude product was distilled to give 2 as a colorless oil (22.9 g, 91%), bp. 58-
59 °C/0.1 mmHg. !H NMR: § 7.28-7.21 (m, 4H, Ar), 7.09 (m, 1H, Ar), 1.57 (brs, 1H, OH), 1.38 (s, 6H,
CMe,), 0.03 (s, 6H, SiMe,); 13C NMR: -3.4 (Si-Me), 23.5 (C-Me), 28.8 (C-Me), 124.3 (Ar), 126.0 (Ar)

LVAL L¥12; PRIV &l o) \RTaVavi g, LO.0 AVAN Jy A LS AT \a AL ]

127.7 (Ar), 147.8 (Ar). Anal. Caled. for C;,H,0Si: C, 67.98; H, 9.34%. Found: C, 67.51; H, 9.40%.
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(o, o-Dimethyl-4-nitrobenzyl)dimethylsilanol 3
To a stirred mixture of 2 (5.0 g, 27.2 mmol) and NH,NO; (2.6 g, 32.5 mmol) in CH,CN (35 ml), was
added (CF,CO),0 (5.8 ml, 41.0 mmol) at—15 °C.  After stirring for 1 h, an additional amount of (CF,CO),0
(4.0 ml, 28.2 mmol) was added to the mixture and stirring was continued overnight at —15 °C — room
temperature. The mixture was diluted with water and extracted with EtOAc. The extract was washed with
water and brine, dried over Na,SO,, and concentrated in vacuo. The residue was chromatographed on silica
gel with hexane-EtOAc (4 : 1) to give 3 (4.0 g, 61%) as colorless crystals, mp. 117-119 °C. lH NMR: & 8.15
(brd, 2H, J9.2 Hz, Ar), 7.41 (brd, 2H, J9.2 Hz, Ar),

9.2 Hz,
(C-Me), 30.8 (C-Me), 123.1 (Ar)

VU (8, DAL, mOLVALS ), TTR ANDVAN.

Ary 1ASO(ATYY 1S8R (A1) Anal (Caled
- . .

4Rl Jy ATV (4R Jy LJVLU (41

14
126. (
5; H, 7.15; N, 5.86%.
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3
3(C (C \1
55.28; H,7.17; N, 5.86%. Found: C, 55.
Chloro(c, 0.-dimethyl-4-nitrobenzyl)dimethylsilane 4

To an ice-cooled mixture of 3 (3.6 g, 15.0 mmol) and oxalyl chloride (1.5 ml, 17.9 mmol) in dry
CH,Cl, (50 ml), was added a drop of DMF. Then the mixture was stirred at 0 °C-room temperature for 1 d and
concentrated in vacuo. The resulting solid was recrystallized from hexane to give 4 (3.6 g, quant.) as
colorless plates, mp 114.5-117 °C. 1H NMR: & 8.13 (brd, 2H, J 8.8 Hz, Ar), 7.41 (brd, 2H, J 8.8 Hz, Ar),
1.49 (s, 6H, -CMe,), 0.29 (s, 6H, -SiMe,); 13C NMR: -1.2 (Si-Me), 23.4 (C-Me), 30.8 (C-Me), 123.0 (Ar),

Ar), 145.4 (Ar), 154.3 (Ar). Anal. Calcd. for

1272 ¢( ('HNOQ1(']('§111-H 626° N §544-C1

ial.e (AT AT ), Al) Anal Lal or U, ANUpo1lll 21.315 11, 0.20; IN, 0.44, L1,
o7 arande O 1 A1 LT £90-N A2 M 12 £L07

13.77%. Found O, J1.41; 1, U.&7, IN, J.43; L1, 13.0070

N-(9-Fluorenylmethoxycarbonyl)-0-[2,3,4,6-tetra-O-benzyl-B-D-galactopyranosyl-(1—3)-2-
acetamido-2-deoxy-a-D-galactopyranosylj-L-serine ailyl ester 7



known
gmacwpyranosyx-( ‘3)-4~accmrmao—4,6—(‘;—benzyuuene-z—acoxy -o-D-galactopyranosyi]-L-serine allyl ester!
(150 mg, 0.13 mmol) and 80% aq. trifluoroacetic acid was stirred for 2h. The mixture was concentrated with
water and toluene in vacuo. The residue was chromatographed on silica gel with CHCL,-EtOH (95 : 5) to
afford 7 (115 mg, 83%), Rf 0.40 (CHC1,-McOH, 9 : 1), [a]p +55.9° (¢ 0.5). lH NMR: § 7.76 (d, 2H, J 7.3
Hz, Ar), 7.60 (brd, 2H, J 6.2 Hz, Ar), 7.34-7.24 (m, 28H, Ar), 5.88 (brd, 1H, J7.5 Hz, NH), 5.86 (m, 1H,
CH=CH,), 5.48 (d, 1H, J 8.8 Hz, NH), 5.31 (brd, 1 H, J 16.8 Hz, =CH2), 5.25 (brd, 1 H, J10.5 Hz,
xC_I-_Iz); 4.86 (brs, 1H, H-1a), 1.57 (s, 3H, Ac). Anal. Caled. for (‘ HMN ﬂ oH 0O: C, 68.09; H, 6.34;

63"~68*
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N-(9-Fluorenylmethoxycarbonyl)-0-[2,3,4,6-tetra-O-benzyl-f-D-galactopyranosyl-(153)-2-
acetamido-4,6-O-benzylidene-2-deoxy-a-D-galactopyranosyl]-L-threonine allyl ester 8

A mixture of Cp,ZrCl, (1.20 g, 4.7 mmol), AgCIO, (0.97 g, 4.7 mmol), and powdered molecular
sieves 4A (10 g) in dry CH,Cl, (90 mL) was stirred at room temperature for 30 min under Ar, then cooled on
dry ice-CH,CN bath (40 °C). A solution of 2,3,4,6-tetra-O-benzyl-B-D-galactopyranosyl-(1 —3)-2-azido-4,6-
O-benzylidene-2-deoxy-a-D-galactopyranosyl fluoridel (2.50 g, 3.00 mmol) and FmocThr-OAll (1.20 g, 3.27
mmol) in dry CH,Cl, (100 mL) was added, and the mixture was stirred between -40 °C and room temperature

overnight, then diluted with EtOAc, and filtered through Celite. The filtrate was washed with aq NaHCO,,

watar and hrina Arad avar Na €N and ~anncantratad im varuns Tha racidna ag nurifiad hu chAamatas
wallld, ailui vlikivy WiV UYLl A‘azuu" AL VLIV AWV HE VL U . 111V 1WDIUUY wad Pul jygiwiey Uy L«llUlllaLUslaPlly
Am ciling aal with tahranae B AA A« 1) 4 giva v _alornancida /Y 0N & Q100 anAd R iommans /N A o L0\
Vil dllca gl widl IUCHILTILA/ AL (. 1) W0 BIVE ASRIYUWRIUC (4.7V |, 0170) allu P‘IDU LICL \V. L2 B, V70).
~ rremad £ (e [=JPe AN CeTten 1 0200 7~ E 0y 1LY ATMAD. S 7 "€ 71 ALY T£ &
t-glycoside: Rf 0.63 (toluene-EtOAc, 7:3), [e]D+83.9° (¢ 5.8). '"HNMR:67.75(d,2H, J6.5

Hz,Ar), 7.62 (d, 2 H, J 7.3 Hz, Ar), 7.52 (brd, 2 H, Ar), 7.4-7.2 (m, 27H, Ar), 5.90 (m, 1 H, CH=CH,),
5.81 (d, 1 H, 79.5 Hz, NH), 5.49 [s, 1 H, PhCH(0O),], 5.34 (brd, 1 H, J17.1 Hz, =CH2), 5.24 (brd, 1 H, J
10.5 Hz, =CH,), 5.10 (d, 1 H, J 3.4 Hz, H-1a), 1.32 (d, 3 H, J 6.4 Hz, Thr-yH); 13C NMR: § 19.1 (Thr-BC),
99.9 (C-1a), 100.4 [PhCH(O)2], 104.8 (C-1b), 156.6 (NHCO), 169.7 (CO2All). Anal. Calcd for
C,H,N,O,:C, 70.27; H, 5,98; N, 4.75%. Found: C, 70.28; H, 5,94; N, 4.54%.

B-isomer: Rf 0.47 (toluene-EtOAc, 7:3), [a]D + 21.26° (¢ 1.3). IHNMR: 87.74 (d,2H, J7.6

Hr Avy 7 A1 (4 ’711 7’71 Hr Ary 78 (hed 27 H ArY 7472 (m 277H Ar\ S8R /m 1H CH=CH)\
LLL,"I’, LAV \u’ el - ARy ru] LRy \UL\J o ALy m] F A Sl ARY #) \lll, s { ARy [‘AI, A \IAL, 4 iy da \.1112/
5.78 (d, 1 H, J9.6 Hz, NH), 5.48 [s, 1 H, PhCH(O),], 5.27 (brd, 1 H, J 17.3 Hz, =CH. A2 (brd, 1H, J
2N I & O LTI E 1IN 3 1IY TAAYI. IT 1.\ 124 71 ALY T£ A LT ML ATIT\. I’-lfi\nm,c1£or — A
1v.5 nz, =uiri,), 2.1v (q, 1 1, J 3.4 nz, ni-ia), 1.4 (4, o n, J 0.4 114, 101-yr1), *~w NIVIK. O 10.0 { 1{II-pL.),
4NN A s 4 Y ANN 7 ML ATY 7NN 1T/MA ™ 7 11N\ 1TLEL O SATIT AN 1M SN A TTN A___T1T T _____ A ~ e 7aNa Yo TN & §
10U.3 (L-1a), 1 O {roCr(V)2], 1v4./ (L-1D), 150.8 (IN V), 1/U.U (L All). Anal. round. L., /U.2U; N

5,99; N, 4.58%.

The a-glycoside (167 mg, 0.14 mmol) was stirred with Zn powder (1.0 g, 15.3 mmol), AcOH (1.0
ml), and Ac,0 (0.3 ml) in THF at room temperature for 1 h. The mixture was diluted with EtOAc and filtered
through Celite. The filtrate was washed with water, aq NaHCO,, and brine, dried over Na,SO,, and
concentrated in vacuo. The residue was purified by chomatography on silica gel with CHC1,-MeOH (9: 1) to

give 8 (174 mg, quant.), Rf 0.49 (toluene-EtOAc, 1 : 1), [o]D +76.2° (¢ 0.5 ). IHNMR: 8 7.76 (d, 2 H, J 7.6
e Ael 7R/ 72713 171 2 Ary 782 (hrd 2 H ArY 7872 (m 27H Arl SR (m 1H CH=CH.
Lily SR )y .U My & khy V .3 ALy L31 )], S \ ULy & Rhy L£ALJy et 0 ek \Aly &widly Al Jy WU \A2Xy 2 Ady dad Sohings
£ LN /A 1 IT TQ2 I NIN £ &€ 74 11T TONLI» NIN £ AL e 1T DWOLI/MN T &§29 (hed 1 LT T14 Q
2.0 (Q, 111, J 0.2 NZ, INI1), 9.0 \U, 1 1, J 7.4 I1L, INIT), .90 |D, 1 I1, TUAI\V )5 ], J.04& \ULU, 1 11, J 10U.7
Hz, =CH2), 5.26 (dd, 1 H, J 1.1, 10.5 Hz, =CH,), 5.06 (brd, 1 H, /2.2 Hz, H-1a), 1.71 (s, 3H, Ac), 1.25



(d, 3H, J6.1 Hz, Thr-yH). Anal. Calcd. for C,,H,,N,0,1/2H,0: C, 70.80; H, 6.27; N, 2.32%. Found: C,
70.77; H, 6.26; N, 2.46%.

N-(9-Fluorenylmethoxycarbonyl)-0-[2,3,4,6-te tra-O-benzyI-B-D -galactopyranosyl-(1—3)-2-
acetamido-2-deoxy-a-D-galactopyranosyl]-L-threonine allyl ester 9

The compound 8 was debenzylidenated as described for 7 to give 9, Rf 0.21 (toluene-EtOAc, 3 : 7),
[a]D +56.0 (c 1.0). 1H NMR: 8 7.77 (d, 2 H, J 7.6 Hz, Ar), 7.62 (d, 2H, J6.9 Hz, Ar), 7.5-7.2 (m, 24H,
Ar), 5.83 (m, 1 H, CH=CH,), 5.61 (d, 1 H, /8.3 Hz, NH), 542 (d, 1 H, J9.2 Hz, NH), 5.31 (brd, 1 H, J
16.9 Hz, =CH,), 5.27 (dd, 1 H, J 1.2, 10.2 Hz, =CH,), 4.87 (brd, 1 H, J 3.9 Hz, H-1a), 1.68 (s, 3H, Ac),
1.28 (d, 3 H, J 6.3 Hz, Thr-yH). Anal. Calcd. for C, ,H,,N,O,: C, 69.42; H, 6.37; N, 2.53%. Found: C,

69.03; H, 6.42; N, 2.62%.

Procedure A (with NaI-NMM in DMF)

A mixture of 4 (420 mg, 1.63 mmol), 5 (500 mg, 1.36 mmol), and Nal (610 mg, 4.06 mmol) in dry
DMF (20 ml) was stirred at room temperature for 15 min. Then N-methylmorpholine (NMM, 179 ul, 1.62
mmol) was added to the mixture.  After stirring for 20 min, the mixture was diluted with ether, washed with
sat. NaHCO, and brine, dried over Na,SO,, and concentrated in vacuo. The residue was chromatographed on
silica gel with hexane-EtOAc (2 : 1) to afford 10 (775 mg, 97%), Rf 0.85 (hexane-EtOAc, 1: 1), [a]p +13.4°
(¢ 3.0). THNMR: 3 8.13 (bd, 2H, J 9.0 Hz, Ar), 7.77 (brd, 2H, J 7.6 Hz, Ar), 7.58 (brd, 2H, J 6.5 Hz, Ar),
7.40 (brt, 2H, J 6.8 Hz, Ar), 7.36 (brd, 2H, J9.0 Hz, Ar), 7.31 (brt, 2H, J 7.5 Hz, Ar), 5.89 (m, 1 H,

CH=CH,), 549 (d, 1 H, J8.0 Hz, NH), 533 (dd, 1 H, J 1.5, 17.1 Hz, =CH,), 5.26 (dd, 1 H, J 1.0, 10.5
. (o el & g — e faval - —

Hz, =CH,), 4.66 (d, 2H, J 5.9 Hz, -CH,CH=CH,), 4.45-4.35 (m, 3H, Ser-aH, OCH,CHAr,), 4.25 (brt, 1H,

b 3 ~ Ty T A N o 1 aTT —~ - - s 2w - -~ .~

J 7.2 Hz, -CHALr,), 4.00 (dd, 1 (dd, iH, J3.3, 10.3 Hz, Ser-fH), 1.40 (s,

8 I 3
6H, CMe,), 0.00 (2s, 6H, S:Mez) al. Calcd. for C,,H,N,0,Si*3/2H,0: C, 62.42; H, 6.38; N, 4.55%.

Found: C, 62.12; H, 6.37; N, 4.91%.

Procedure B (with imidazole in DMF)
A mixture of 4 (95 mg, 0.37 mmol), § (100 mg, 0.27 mmol), and imidazole (91 mg, 1.40 mmol) in
dry DMF (1 ml) was stirred at room temperature for 3h. The mixture was diluted with EtOAc, washed with

water and brine, dried over Na,SQ,, and concentrated in vacuo. Chromatographv of the residue on

QITE QIS VLIS, LA UIVRL ARG, Gl COnx JLE Pt iei 0] vialaall, NCALVMLMGLURIAPII Y Vi Wb AToIUuLY

with hexane-EtOAc (4 : 1) gave 14 (29 mg, 16%) and 10 (59 mg, 37%). compound 14: Rf 0.8
J

EtOAc, 1: 1), [a]p +12.4° (c 0.4). 'H NMR: §8.12 (brd, 2H, J9.3 Hz, Av), 7.76 (brd, 2H,
7.60 (brt, 2H, J 6.6 Hz, Ar), 7.40 (brt, 2H, J 7.6 Hz, Ar), 7.36 (brd, 2H, J9.0 Hz, Ar), 7.30 (brt, 2H, J 7.5
Hz, Ar), 5.89 (m, | H, CH=CH),), 5.61 (d, 1 H, J8.3 Hz,NH), 5.33 (dd, 1 H, J 1.4, 17.1 Hz, =CH),), 5.25
(dd, 1H, J 1.4, 10.5 Hz, =CH,), 4.67 (m, 2H, -CH,CH=CH,), 4.49-4.43 (m, 2H, Ser-oH, OCH,CHAr,),
4.34 (dd, 1H, J7.3, 10.4 Hz, OCH,CHAr,), 4.24 (brt, 1H, J 7.2 Hz, -CHAr,), 4.09 (dd, 1H, J2.7, 10.4 Hz,
Ser-BH), 3.87 (dd, 1H, J3.5, 10.4 Hz, Ser-BH), 1.40 (s, 6H, CMe,), 0.00 (s, 6H, SiMe,). Anal. Calcd. for

C,,H,N,0;Si,: C, 61.61; H, 6.39; N, 4.23%. Found: C, 61.89; H, 6.36; N, 4.24%.



Compound 11 was prepared from 6 in 73% yield by the same procedure (A) as described for 10.
compound 14: mp 78-80 °C (recrystallized from hexane-EtOAc), Rf 0.62 (hexane-EtOAc, 1: 1), [a]p—4.7 °(c
1.1), ITHNMR: 8 8.11 (brd, 2H, J 8.8 Hz, Ar), 7.77 (brd, 2H, J 7.6 Hz, Ar), 7.61 (brdd, 2H, J 4.6, 7.3 Hz,
Ar), 7.41-7.29 (m, 6H, Ar), 5.86 (m, 1H, CH=CH,), 5.29 (dd, 1 H, J 1.2, 17.1 Hz, =CH,), 5.23 (dd, 1 H,
J 1.2, 11.7 Hz, =CH,), 4.52-4.25 (m, 6H, -CH,CH=CH,, Thr-aH, OCH,CHAr,, -CHAr,), 1.38 (brs, 6H,
CMe,), 0.01 & 0.03 (2s, 6H , SiMe,). Anal. Calcd. for C,,H,,N,O,Si: C, 65.76; H, 6.35; N, 4.65%. Found:

Ve Sy ANy AL

C,6558, H,633; N, 447%
N-(9-Fluorenylmethoxycarbonyl)-0-[2,3,4,6-tetra-O-benzyl-f-D-galactopyranosyl-(1—3)-2-
acetamido-2-deoxy-6-0-(a, o-dimethyi-4-nitrobenzyl)dimethyisilyl-o-D-galactopyranosyl]-

L-serine allyl ester 12

Compound 12 was prepared from 7 in 86% yield by the same procedure (A) as described for 10.
compound 12: Rf 0.42 (toluene-EtOAc, 1: 1), [a]D +49.8° (¢ 0.4), |H NMR: § 8.03 (d, 2H, J 8.8 Hz, Ar),
7.71 (d, 2H, J 7.6 Hz, Ar), 7.55 (brd, 2H, J 6.8 Hz, Ar), 7.36-7.16 (m, 26H, Ar), 5.81 (m, 1H, CH=CH,),
5.66 (d, 1H, J 7.8 Hz, NH), 5.50 (d, 1H, J 8.8 Hz, NH), 5.26 (brd, 1 H, J 17.1 Hz, =CH,), 5.21 (brd, 1 H,

J10.5 Hz, =CH,), 1.51 (s, 3H, Ac), 1.32 & 1.30 (25, 6H, CMe,), -0.04 & -0.09 (25, 6H, SiMe,). Anal.
1a 9 . . 1807 Thawend. M £ 0L 1T
Caled. for C, H,,N,0,,Si*H,0: C, 66.69; H, 6.42; N, 3.15%. Found: C, 66.96; H, 6.43; N, 3.11%.

N-(9-Fluorenylmethoxycarbonyl)-0-[2,3,4,6-tetra-O-benzyl-B-D-galactopyranosyl-(1—53)-2-
acetamido-2-deoxy-6-0-(c, -dimethyl-4-nitrobenzyl)dimethylsilyl-o-D-galactopyranosyl]-
L-threonine allyl ester 13
Procedure ¢ (with imidazole in THF)

A mixture of 4 (97 mg, 0.38 mmol), 9 (271 mg, 0.25 mmol), and imidazole (93 mg, 1.37 mmol) in
dry THF (5 ml) was stirred at 0 °C for 30 min. The mixture was diluted with EtOAc, washed with water and
brine, dried over Na,SO,, and concentrated in vacuo. Chromatography of the residue on silica gel with

toluene-EtOAc (1 : 1) afforded 13 (273 mg, 86%), Rf 0.47 (toluene-EtOAc, 1 : 1), [a]D +55.7° (c 0.5), 1H
NMR: & 8.07 (d, 2H, J8.7 Hz, Ar), 7.75 (d 761 (d. 2H. J7.3 Hz. Ar

A r) 2 {
ANIVAD vi G, &4, J 1, Al io s 1y niZ, Ay, +.91 \G, 201, J 7.3 11Z, AT), 1.5 |,
26H, Ar), 5.82 (m, 1H, CH=CH,), 5.60 (d, 1H, /5.1 Hz, NH), 5.43 (d, 1H, /9.3 Hz, NH), 5.30 (brd, 1 H
3H 3 36 (- H, CMe,), 1.27

~

17.1 Hz, =CH,), 5.25 (brd, 1 H, J10.3 Hz, =CH,), 1.69 (s, 3H, Ac), 1.37
(d, 3H, J 6.1 Hz, Thr-yH), 0.00 & -0.04 (2s, 6H, SiMe,). Anal. Calcd. for
6.45; N, 3.16%. Found: C, 67.59; H, 6.45; N, 3.16%.

N-(9-Fluorenylmethoxycarbonyl)-O-[(4-amino-a, c-dimethylbenzyl)dimethylsilyl]-L-serine
allyl ester 16

A mixture of 10 (780 mg, 1.32 mmol), Zn powder (5.0 g) and AcOH (1 ml) in dry THF was stirred at
room temperature for 45 min. The mixture was diluted with EtOAc, filtered through Celite, washed with sat.

NaHCO, and brine,
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silica gel with hexane-EtCAc (1 : 1) to afford 1 6 (650 mg, 88%), Rf 0.56 (toluene-EtOAc, 1 : 1), [a]p +7.1° (¢
2 M JITATAAD. S ™ /L3 AYY T~ & - R 1. - , Ay P -
3.0). *HNMR: 07.77 (bd, 2H, J 7.5 Hz, Ar), 7.61 (brt, 2H, J7.2 Hz, Ar), 7.41 (brd, 2H, J 7.4 Hz, Ar),

0i
7.32 (brt, 2H, J 7.4 Hz, Ar), 7.02 (brd, 2H, J 8.5 Hz, Ar), 6.62 (brt, 2H, J 8.8 Hz, Ar), 591 (m, 1 H,
CH=CH,), 5.55 (d, 1 H, J 8.8 Hz, NH), 535 (dd, 1 H, J 1.2, 17.1 Hz, =CH,), 5.26 (dd, 1 H, J 1.2, 10.5
Hz, =CH,), 4.67 (brd, 2H, J 5.9 Hz, -CH,CH=CH,), 4.45-4.40 (m, 2H, Ser-aH, OCH,CHAr,), 4.27 (dd,
1H, J7.3, 10.2 Hz, OCH,CHAr,), 4.27 (brt, 1H, J 7.3 Hz, -CHAr,), 4.00 (dd, 1H, J2.7, 10.3 Hz, Ser-BH),
3.72 (dd, 1H, J 3.2, 10.3 Hz, Ser-8H), 1.30 & 1.29 (2s, 6H, CMe,), -0.02 & -0.04 (2s, 6H, SiMe,)
Anal. Caled. for C;,H;,N,O,Si: C, 68.79; H, 6.86; N, 5.01%. Found: C, 68.77; H, 6.89; N, 4.82%

el V.

N-(9-Fluorenylmethoxycarbonyl)-O-[(a,a-dimethyl-4-succin-mono-

- = B__¥_

midobenzyi)dimethyisilyij-L-serine ailyl ester 17

o

- ~ i = 2= = s s a

A mixture of 16 (650 mg, 1.6 mmol), succinic anhydride (120 mg, 1.20 mmol), and NMM (111pl,
0.89 mmol) in CH,Cl, (20 ml) was stirred at room temperature for 4 h and then concentrated in vacuo. The
residue was chromatographed on Biobeads S-X3 with toluene-EtOAc (1 : 1) to give 17 (760 mg, 99%), Rf
0.37 (CHC1,-MeOH, 9 : 1), [a]Dp +2.6° (c 1.0). TH NMR: § 7.74-7.13 (m, 12H, Ar), 5.87 (m, 1H, CH=CH,),
5.56 (d, 1H, J 8.8 Hz, NH), 5.31 (brd, 1H, J 16.1 Hz, =CH,), 5.23 (brd, 1H, J 10.5 Hz, =CH,), 4.64 (d,
2H, J 5.6 Hz, -CH,CH=CH,), 4.40 (m, 1H, Ser-aH), 4.39, 4.31 & 4.24 (3brt, 3H, Ar,CHCH,-), 3.95 (dd,

1H, J2.2, 10.0 Hz, Ser-8H), 3.69 (dd, 1H, J 3.2, 10.3 Hz, Ser-BH), 2.63 & 2.50 (2m, 4H, -

=7 NT TP TTTy = -
COCH,CH,CO,H), 1.29 & 1.30 (25, 6H, CMe,), -0.50 & -0.59 (2s, 6H, SiMe,).
Anal. Caled. for C;¢H,,N,0,8i*H,0: C, 63.69; H, 6.55; N, 4.13%. Found: C, 63.94; H, 6.31; N, 4.18%

Attachment of 17 to resin (synthesis of 18)

Commercial FmocGly-HMP-resin (1g, 0.78 mmol/g) was stirred with 50% piperidine/NMP solution (7
ml) for 2 h. Then the mixture was filtered on a sintered glass disk, washed successively with NMP, 2-propanol,
CH,Cl,, and ether. The resulting resin was dried in vacuo to give N-deprotected H-Gly-HMP-resin (806 mg),
which was used for further solid-phase synthesis. A mixture of 17 (250 mg, 0.38 mmol), HBTU (288 mg,
0.76 mmol), 0.5 M HOBYDMF (0.76 ml, 0.38 mmol), and 2M N,N-diisopropylethylamine/DMF (0,19 ml,

0.38 mmol) in NMP (3.0 ml) was stirred at room temperature for 80 min. Then the above H-Gly-HMP-resin
( 0.95 mmol/e. 271 m in

(0.95 mmol/g, 271 mg, 0.25 mmol) was added and the mixture was stirred overnight. The resin was

N A PN ad baes €iltnntine srnolhad qiimnasa ~1 ccdle ANTRAD A .1 ATT ™ PRGNS [Ryh NNV St DU R PR

collected by filtration, washed successively with NMP, Z2-propanol, CH,(l,, and ether, and dried in vacuo to
- O A '

give 1 8 (439 mg, quantitative)

N-(9-Fluorenylmethoxycarbonyl)-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-o.-D-
galactopyranosyl)-threonyl-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-o-D-
galactopyranosyl)-L-threonyl-L-serine allyl ester 22

The resin 18 (0.59 mmol/g, 151 mg, 0.09 mmol) was N-deprotected with 50% ¢
oduce 19 (134 mc\ in the similar manner as f (

a
7 mg, 0.1 mmol), HOB! (66 mg, 0.49 mm
st

tirred at room temperature for 35 min. Then the resin 19 (0.47 ol/g, 66 mg, 0.04 mmol)

g,
2
j= 8
%
]

'y

™ £ITs

was
added and the mixture was stirred OVCITllgHI he resin was collected by IIl[I'a[lOl'l washed SUCCCSSIVCIY
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with NMP, 2-propanol, CH,Cl,, and ether, and dried in vacuo to afford glycopeptide-linked resin (89 mg).

The procedures for N-deprotection and coupling with Z § were repeated once more to produce 21 (112 mg).

A mixture of 0.2 M-CsF/1 M-AcOH/DMF and 2 1 (77 mg) was stirred overnight and filtered. The resin was
washed with NMP, 2-propanol, CH,Cl,, and ether. The combined filtrate and washings were concentrated in
vacuo. The residue was diluted with EtOAc, washed with water, brine, dried over Na,SO,, and concentrated
in vacuo. The crude product was chromatographed on a preparative TLC plate (1 mm thick, 20 x 20 cm) with
CHCI,-MeOH (9 : 1) to give 22 (27 mg, 73%), Rf 0.64 (CHC],-EtOH, 9 : 1), [a]D+83.0° (c 1.0 ). 1H NMR:
6:7.78 (d, 2H, J 7.6 Hz, Ar), 7.64 (d, 2H, J 7.3 Hz, Ar), 7.43-7.32 (m, 4H, Ar), 7.02 (d, 1H, J7.3 Hz,
NH), 6.75 (d, 1H, J 8.8 Hz, NH), 5.92 (m, 1H, CH=CH,), 5.84 (d, 1H, J8.3 Hz, NH), 5.40-5.36 (m, 1H

LiRy

=CH,), 5.36 (brd, 2H, J 2.9 Hz, GalNAc H-4). 5.29 (dd, 1H, J 1.0, 10.5 Hz, =CH,), 5.21 (dd, 1H, J3.2,

1T, f“..llYAﬂf‘l 2N (1—7 /A TLY F72 77T XX A INTA A LY 1N zun 73 1H. J2.9
INA =2), 2.1 7 (G, 11, J I3./ 1L, GalNAc Adviaa, In, J .7
Z

) W
. o
N
g

H-
2.0

1),
(d, iH, J 3.4 Hz, GalNAc H-1), 4.69 (brd, ZH, j 5 Hz, -CH,CH=CH,), 2.16 (s
3H, Ac), 2.04 (s, 3H, Ac), 2.00 (s, 9H, 3Ac), 1.99 (s, 6H, 2Ac), 1.28 (d, 3H, Ac), 1.24 (d, 3H, Ac).

N-(9-Fluorenylmethoxycarbonyl)-L-seryl-L-glycyl-L-valyl-L-alanine benzyl ester 25
The resin 18 (50 mg, 30 wmol) was stirred with Pd(PPh,), (7 mg, 6 umol) and dimedone (85 mg, 600

pmol) in dry THF (2.0 ml) for 3.5 h, then washed with NMP, 2-propanol, CH,Cl,, and ether, and dried in

vacuo to give 23 (53 mg). A mixture of 23 (53mg, 0.03 umol), HBTU (22 mg, 0.06 umotl), HOBt (40 mg,

=14

0.30 mmol), i-Pr,NEt (151 l 0.03 mmol) in NMP (1 ml) was stirred for L h.  Then 24 (15 mg, 0.05 mmol)

W OARRREENL ), PTA RgaNaAs 2RERANA S ad (a2 Raii) iy izzix

N

= e oewd o vy onen s ol Thha +an wae wnrlrad v oo Ao ve A
was uuucu {0 LIIC th\t‘ul ana sti g was uuuuuucu over lglll. 111 lCstlUll wad WUIRCU up as aesc -

above to give (ctmpeplidc-linked resin (57 mg), which was submitted to the cleavage conditions using

CsF/AcOH/DMF. The crude product was purified by preparative TLC with CHCI,-MeOH (9 : 1) to give 25

(14 mg, 76%), Rf 0.49 (CHCL,-MeOH, 4 : 1), [a]Jp -21.2° (¢ 0.5, CHC],-MeOH, 4 : 1). 'H NMR (DMSO-
d,): 8:8.41 (d, 1H, J 6.6 Hz, NH), 8.13 (t, 1H, J 6.6 Hz, NH), 7.82 (d, 2H, J 7.3 Hz, Ar), 7.68-7.65 (m,
3H, Ar, NH), 7.36-7.23 (m, 9H, Ar), 5.02 (s, 2H, -CH,Ph), 1.84 (m, 1H, Thr-BH), 1.22 (d, 3H, J 7.3 Hz,

Ala-BH), 0.75 & 0.69 (2d, 6H, J 6.9 Hz, Thr-yH). FabsMS: m/z 667.2 (M+Na).

11y 1111

N-(9-Fluorenylmethoxycarbonyl)-0-{2,3,4,6-tetra-O-benzy
4

L-threonine allyl ester 26

Compound 13 (147 mg, 0.11 mmol) was reduced in the same manner as described for 16.
Chromatographic purification on silica gel with toluene-EtOAc (1 : 1) afforded 26 (116 mg, 81%), Rf 0.25
(toluene-EtOAc 1 : 1), [0t]D+49.0° (¢ 1.0). IH NMR: &: 7.74 (d, 2H, J 7.4 Hz, Ar), 7.61 (d, 2H, J 7.3 Hz,
Ar), 7.40-7.20 (m, 24H, Ar), 6.98 (brd, 2H, J 8.5 Hz, Ar), 6.53 (brd, 2H, J 8.5 Hz, Ar), 581 (m, 1 H,
CH=CH,), 5.61 (d, 1 H, J9.0 Hz, NH), 5.58 (d, 1 H, J9.5 Hz, NH), 5.28 (brd, 1 H, J17.3 Hz, =CH,),
5.23 (dd, 1 H, J 1.2, 10.5 Hz, =CH,), 4.74 (d, 1H, J 3.7 Hz, H-1a), 1.27 (s, 6H, CMe,), 1.24 (d, 3H, J6.1
Hz, Thr-yH), -0.03 & -0.05 (2s, 6H, SiMe,). Anal. Calcd. for C,H,,N,0,Si: C, 69.37; H, 6.75; N,

3.24%. Found: C, 69.01; H, 6.79; N, 3.24%.



N-(9-Fluorenyimethoxycarbonyi)-0-{2,3,4,6-tetra-O-benzyi--D-galactopyranosyi-(1—3)-2-
acetamido-4,6-O-benzyiidene-2-deoxy-a-D-galactopyranosyl]-L-threonine 31

A mixture of 8 (138 mg, 0.12 mmol), Pd(PPh,), (2 mg, 1.7 pmol), and N-methylaniline (125 pl, 1.15
mmol) in dry THF (3 ml) was stirred under Ar at room temperature for 30 min. The mixture was diluted with
EtOAc, washed with 1IN HCIl and brine, dried over Na,SO,, and concentrated in vacuo. The crude product
was chromatographed on Bio-beads S X3 to give 31 (127 mg, 95%), Rf 0.30 (CHCl,-MeOH, 9 : 1), [a]D
+100.4°(c 0.5). 'H NMR: &: 7.75 (d, 2H, J 6.8 Hz, Ar), 7.61 (d, 2H, J 6.1 Hz, Ar), 7.51 (m, 3H, Ar),

~

7.40-7.18 (m, 25H, Ar), 6.13 (br, 1H, NH), 5.52 (br, 1H, NH), 5.40 [s, 1H, PhCH(Q),], 1.81 (s, 3H, Ac),
1.19 (4, 3H, J6.1 Hz, Thr-yH). Anal. Caled. for C, H, N O, »1/2H,0: C, 70.14; H, 6.14; N, 2.40%

3
Found: C, 70.04; H, 6.13; N, 2.37%.
N-(Benzyloxycarbonyi)-O-benzyl-L-seryl-0-[2,3,4,6-tetra-O-benzyl-B-D-galactopyranosyl-
(1-53)-2-acetamido-4,6-O-benzylidene-2-deoxy-a-D-galactopyranosyl}-L-seryl-0-[2,3,4,6-
tetra-O-benzyl-B-D-galactopyranosyl-(1—3)-2-acetamido-4,6-O-benzylidene-2-deoxy-a-D-
galactopyranosyl]-L-threonyl-0-[2,3,4,6-tetra-O-benzyl-B-D-galactopyranosyl-(1—3)-2-
acetamido-2-deoxy-a-D-galactopyranosyl]-L-threonyl-L-glycyl-L-valyl-L-alanine benzyl
ester 39

A mixture of 26 (192 mg, 0.15 mmol) and succinic anhydride (16 mg, 0.16 mmol) in dry CH,Cl, (
oy s abismmad nf s Sasermmmiamdriin £ Y b LD el RN NN T U o
ml) was stirred at room temperature for 2 h, and then concentrated in vacuo. The residue was submitted to gel

filtration on Bio-beads S X3 with toluene-EtOAc (1 : 1) and the obtained succin-mono-amide derivative (185
mg, 90%) was used for the next reaction without further purification. A mixture of the above succin-mono-
amide (84 mg, 0.06 mmol), H-Gly-HMP-resin (32 mg, 0.03 mmol), HBTU (45 mg, 0.12 mmol), HOBt (81
mg, 0.60 mmol), and i-Pr,NEt (89 pl, 0.18 mmol) in NMP (1 ml) was stirred overnight.  After filtration,
washing with NMP, 2-propanol, and CH,Cl,, and drying in vacuo, the resin 27 (66 mg) was obtained.

The resin 27 (63 mg, 26 wmol) was stirred with Pd(PPh,), (6 mg, 5 pmol), and dimedone (72 mg, 512 pmol)
in dry THF (1 ml) for 5 h.  Filtration of the mixture and washing with THF, 2-propanol, CH,Cl,, and ether
afforded 2 8 (65 mg), which was stirred with 24 (17 mg, 51 umol), HBTU (20 mg, 52 umol), HOBt (35 mg,

S otill 1ais L EAM 13 LU LV ALEs JL 10 J3 22412

259 pmol), and z—PerEt (39 ul, 79 pmol) in NMP (1.5 ml) overnight. The resin 29 (68 mg), obtained via

ey = caclhis o o] ot ENGOY 1 MTRATY 71 £ Py, T PO I o4 DU /r1

iltration and Wasiiifng, was ireaica with 50% plpcrlmncuwvu' (1.5 ml) for 2 h, and filtered off to give 30

=n

mg). The resin 30 was reacted with 31 (59 mg, 51 fimol) using HBTU (39 mg, 103 wmol), HOBt (69 mg,
510 pmoil), and i-Pr,NEt (38 pl, 77 pmol) in NMP (2 ml) overnight. Filtration and washing afforded 32 (84
mg). The resin 32 (80 mg, 22 pmol) was N-deprotected to 33 (75 mg) as described above, and then coupled
with 34 (50 mg, 44 pumol) by stirring with HBTU (34 mg, 90umol), HOBt (60 mg, 444 umol), and i-Pr,NEt
(39 pl, 79 pmol) in NMP (1.5 ml) overnight to furnish 35 (96 mg).  In a similar manner, 35 (93 mg, 21
pumol) was converted to 36 (88mg) by treatment with 50% piperidine/NMP for 2 h and then condensed with
37 (14 mg, 43 umol) in the presence of HBTU (31mg, 82 umol), HOBt (56 mg, 414 umol), and i-Pr,NEt (31
ul. 63 pumol) in NMP (2 ml) to e38 (93 mg To 10 pmol) and AcOH (60 ul, 1

o 10 a mixtur
1
1

aldin TR (1 m o a
1U} xj.xu\ i) v al

[CRE o o

fiitrate and washings were concentrated in vacuo. The product was extracted with EtOAc, washed with brine,



dried over Na,SO,, and concentrated in vacuo. The residue was chromatographed on Bio-beads S X1 with
toluene-EtOAc (1 : ). The glycopeptide fraction was further purified by preparative TLC with CHCI,-MeOH
(9:1) to give 39 (18 mg, 55% overall), Rf 0.23 (CHCI1,-MeOH, 9 : 1), [a]D +79.5° (¢ 0.7). 'H NMR (50 °C):
85.42 [s, 1H, PhCH(0),], 5.41 [s, 1H, PhCH(0O),], 6.69, 6.68 & 6.65 (3s, 9H, 3Ac), 5.13 & 5.06 (2d, 4H,
J 12.5 Hz, CO,CH,Ph x 2), 2.00 (m, 1H, Val-BH), 1.25 (brd, 3H, J 7.8 Hz, Ala-BH), 1.11 (brd, 3H, J 5.6
Hz, Thr-yH), 1.06 (brd, 3H, J 6.1 Hz, Thr-yH), 0.86 (brd, 3H, J 6.8 Hz, Val-yH), 0.83 (brd, 3H, J 6.6 Hz,
Val-yH), HRMS Calcd for C,  H,,,0,,N,, (M+H), m/z 3288.4581 (relative intensity 41.7%). Found
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