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ABSTRACT

The dimeric and trimeric sialosyl-Tn epitopes, [¢-D-NeupSAc-(2—6)-a-D-GalpNAc-(1 —3)-L-Ser],-
L-Val (n = 2 and 3), which represent part of a clustered carbohydrate region of glycophorin A, a human
erythrocyte glycoprotein, have been synthesised stereoselectively. 2-Azido-3-O-benzyl-4,6-0-benzyli-
dene-2-deoxy-bd-galactopyranosyl fluoride (GalpNAc unit), Fmoc-L-serine phenacyl ester (Ser unit), and
benzyl S-acetamido-4,7.8,9-tetra-O-benzyl-S-deoxy-3- S-phenyl-3-thio-D-erythro-L-gluco-2-nonulopyrano-
sylonate bromide (Neup5Ac unit) were the key intermediates for stereoselective glycosylation. 2-Ethoxy-1-
ethoxycarbonyl-1,2-dihydroquinoline-promoted elongation of the peptide chain and then hydrogenolysis
afforded the title compounds.

INTRODUCTION

During investigations on the total synthesis of cell-surface glycans', we have been
especially interested in mucin-type glycopeptides that contain sialic acid residues.

The monoclonal antibodies B72.3 (ref. 2) and MLS102 (ref. 3), raised against
human metastatic breast cancer and colonic cancer cell lines, respectively, which
recognise the sialosyl-Tn epitope*’, a-D-Neup5Ac-(2—6)-D-GalpNAc, and synthetic
molecules® of the monomeric epitope, were used to identify the structure of the epitope.
In the immunoassay study of MLS102 with various mucins, a strongly enhanced
immunoreaction was observed with ovine submaxillary mucin (OSM) that carried
clusters of the epitopic disaccharide®. Our attention was then directed towards the
synthesis of the clustered sialosyl-Tn epitope system by a novel sequence. Asialoglyco-
peptides with T and Tn epitope clusters have been synthesised by other groups’.

As a first attempt to synthesise sialoglycopeptides®, we now report syntheses of 1
and 2 with the di- and tri-meric sialosyl-Tn epitopes that correspond to the partial
structures of glycophorin A, a major glycoprotein of human erythrocyte membrane’.
Based on a strategy of stepwise elongation of the peptide chain, a suitably protected
amino acid fragment with the sialosyl-Tn epitope 22 was designed which, in turn, would
be obtainable by stereocontrolled condensation of D-GalpNAc, L-Ser, and D-Neup5Ac
synthons (9-11 and 17).

* Dedicated to Professor Grant Buchanan on the occasion of his 65th birthday.
¥ Synthetic Studies on Cell-Surface Glycans, Part 80. For Part 79, see ref. 1.
# To whom correspondence should be addressed.
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a partial structure of glycophorin A
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RESULTS AND DISCUSSION

Synthons 11'" and 17" are known, and synthons 9 and 10 were obtained as
follows. The hemiacetal 3. derived from p-galactose in 4 steps'™. was protected with
bulky silyl group (‘BuPh.Si-) to give exclusively the ff anomer 4 (83%). which was
converted mto the 3-O-benzyi-4.6-O-benzylidene derivative 7 by deacetviation (— 5,
guanttativelv), benzylidenation (~ 6, 91%), and benzylation (85%). Desilylation of 7
with tetrabutylammonium fluoride acetic acid' in tetrahvdroluran gave 8 (97%).
which. on treatment with diethylaminosulfur triffuoride” in tetrahvdrofuran, produced
the easily separable isomers 9 (78%) and 10 (13%).

The x-fluoride 9 was coupled with the L-serine derivative 11, using Cp.ZrCl.-
silver perchlorate'” as a promotor in dichloromethane to give the x-glycoside 12 (68 %,
0y 5.10,7,, 2.4 Hz: 0, 100.2.J 1, 172 Hz) and the ffisomer 16 (18%, 6, 1021/ 4.
161 Hz). Use of the ff anomer 10 in this glycosylation reaction gave 12 and 16 (76%
combined vyield) with the same stereoselectivity (x, 79%: fi. 21 %) Cp HICL-sitver
perchlorate'” also promoted this glycosylation. Treatment of 12 with thioacetic acid™
gave 13 (81%). which was debenzylidenated with aq. 80%% acetic acid at 607 to vield the
diol 14 (89%). Attempls to glycosylate 14 with the sialic acid donor 17 in the presence of
mercury(1l) cyanide/bromide or silver trifluoromethanesulfonate in dichloromethane,
dichloromethane-—carbon tetrachloride, chloreform, or acetonitrile resulted i poor
conversions of 14 accompanied by formation of a bicyclic compound 23" and < 30%,
of the desired 18 was produced. The unsatisfactory results were due probably 1o the low
solubility of 14 in the solvenis.

On the other hand, 15 (83%). derived from 12 by hydrolvsis. was more soluble
and reacted smoothly with 17, using mercury(ll) cvanide bromide in dichloromethane
carbon tetrachloride, to afford 20 as a sole product (85%). Nerther stereo- nor regio-
isomeric products were obtained. The newly formed (2 -6} linkages in 18 and 20 were
assigned by the synthesis sequence and contirmed by '"H-n.m.r. data of the correspond-
ing acetates 19 (6 5.44. bs. H-d4a) and 21 (0 5.4%, bs, H-da). respectively. whereas the
anomeric configuration was presumed to be 4 because of the neighboring participation
of the fi-phenylthio group at C-3 in 17", Compound 20 was converted readily into 18
(91%) on exposure to thioacetic acid. Since an attempt to utilise radical conditions'” for



GLYCOPEPTIDE SYNTHESIS 213

Ph CO,CH,COPh Ph
o HO R'0 OR? %o
RO _OR? o FmocNH o o
\ %on' — o M o 0 COCH,COPR
R*0 RO HIO/YCOzCHzCOPh * 8o OJNHFmoc
Ny N, N,
X FmocNH
| R R? | R x Y 16
a H Ac 6| H H 'BuPh,S;
4 ['BuPh,Si Ac 7! Bn  H 'Buph,Si
5 |'BuPh,Si H 8| Bn (H, OH)
9 Bn F H
10 Bn H F
OBn OBn

8n0 Br 14 or 15 BnO. CO,Bn AcHN spoh
BnO:. B BnO.. o . - c0Bn
AcNH 07/ spi0aBn AckH i

oBn OBn BnO A/o
R0 H L.

17 o 0BN
0B
23 "
18 | CH,COPh  AcNH R a2 CO,R!
o
19 | CH,COPh AcNH Ac Fmoc = 9-fluorenymethoxycarbonyl
20| CH,COPh Ny H FmocNH
21| CH,COPh  N; Ac
22 H ACNH H

the selective cleavage of the phenylthio group from 18 was unsuccessful without
affecting the labile phenacyl group, 18 was converted into 22 (97%) with zinc—acetic
acid, which was condensed with L-valine benzyl ester'”, using 2-ethoxy-1-ethoxycarbo-
nyl-1,2-dihydroquinoline (EEDQ) in dichloromethane, to give dipeptide 24 (82%).
When 24 was heated with triphenyltin hydride and «,x"-azobis(isobutyronitrile)
(AIBN) in toluene, the desulfurised product 25 (54%) was obtained. Treatment of 25
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with morpholine exposed the amino group (— 26, 96%: ) necessary for the next conden-
sation with 22. EEDQ-promoted coupling of 22 and 26 afforded the tripeptide deriv-
ative 27 (74%), which was desulfurised as above, but in benzene, to give 28, Re-
treatment of unreacted 27. isolated by chromatography. and repetition of the procedure
eventually pave 79% of 28. Treatment of 28 with morpholine removed the Fmoc group
and gave the amine 29 (95%). which was condensed with 22 (—+30, 86%), desulfurised
{—31.68%), and deblocked with morpholine to afford the benzviated trimenic siatosyi-
Tn epitope 32.

Hydrogenolysis of 29 and 32 in aqueous methanol and purthcation by gel
filtration followed by ion-exchange chromatography completed the syntheses of | and
2. respectively. The "H-n.m.r. spectra of 1 and 2 confirmed the structures when com-
pared with those reported for the related natural glycoproteins™' Notably. the reso-
nances of H-3a and H-3b of the NeupSAc residues in ¥ und 2 were characiertstic for
z-glveosides.

EXPERIMENTAL

General. —- Optical rotations were determined with a Perkin-Elmer Model 241
MC polarimeter. for solutions in CHCI,, unless noted otherwise. Column chromatog-
raphy was performed on sitica gel (Merck 70-230 mesh). Flash chromatography was
performed on Wako Gel C-200 (200--300 mesh). T.Lc. and h.p.t.l.c, were performed on
Silica Gel 60 F., (Merck). N m.r. spectra were recorded with a JEOL GX 300 ['H (500
MH2)] or FX90Q [C (22.50 MHz)] spectrometer. Chemical shifts arc expressed in
p.p.m. downfield from the signal for internal Me, Si. for selutions in CDCL undess noted
otherwise. and for solutions i 3.0, n p.p.m. downheld from the signal Yor Me 51, by
reference tointernal Me,COH (1.230 p.p.m.). Flabo-mass specira were obtuined with a
JEOL HX110 (HF) mass spectrometer, using glveerol as the mauix,

tert-Butvldiphenyisityi 3.4 6-17i-O-acetyi-2-azido=2-deox v-fi=-0-gualactopyranoside
(4). -~ The hemiacetal 3 (14.8 g, 44.7 mmol) was heated at 60 with ‘BuPh-SiCh (16.0 g,
58.2mmol)and imidazole (8.5 2. 1249 mmol) in dry A N-dimethylformanide (30 mbL).
After 2.5 h. the mixture was poured nto wce water (300 mL) and exiracted with ether.
The extract was washed with water and brine, dried (Na,SO,). und concentrated in cucuo
to give crude crystals, which were washed with hexane- cther (1) o afford 4 (18.2 g1
The washings were concentrated and column chromatography of the residue on silica
gel (30 g) with hexane -EtOAc¢ (3:1) gave more 4 (2.9 2. 82.8% m totad). mup. 102104
(fromether). [z}, — 8.0 (¢ 2.4): R, 0.48 (3:2 hexane EtOAc) Nomir datar H.41.13(5.9
H. Bu), 191 (. 3H. AC). 2.03(. 3H AL 217 (s, 3H. A 383 (d, T H. /AT 2and 6.6
Hz, H-5), 3.73(dd. T H. /7.8 and 1t Hz, H-2). 389 (dd. 1 H. /6.6 and 1.2 Hz, H-6a),
396(dd. 1 H. /6.6 and 11.2 Hz. H-6b), 446 (d. T H. /7.8 Hz. H-1) 468 ¢dd. T HL /34
and 10.7 Hz. H-3), 5.23 (dd. 1 H. J 1.0 and 3.4 Hz, H-4). 7.36 745 (m. 6 H. Ar),
7.69-7.74 (m, 4 H. Ar); "C. 5 19,1 (CMe,), 20.4 (CH,CO). 26,8 [C{CH,).]. 61.2.63.6.
66.5.70.7.71.2,96.9 (C-1), 12741358 (Ar), 169.5(C = 0). 169.9 (T =0}

Anal. Cale. for C,H NOSi: C, 59.03; H, 6, 19: N, 7 38 Found: C. 38.93: H,6.19;
N. 7.37.
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tert-Butyldiphenylsilyl 2-azido-2-deoxy-fi-D-galactopyranoside (5). — To a solu-
tion of 4 (13.9 g, 24.4 mmol) in MeOH (120 mL)-toluene (30 mL) was added 0.1m
NaOMe-MeOH (5 mL). The mixture was stirred at room temperature for 3 h, then
treated with an excess of Amberlyst 15 (H ") resin, filtered, and concentrated to give
syrupy 5, [a]3y +45° (¢ 1.6); Rz 0.49 (9:1 CHCl,-MeOH). N.m.r. data: 'H (CDCl-D,0),
6 1.12(s,9 H, 'Bu), 3.06 (bt, 1 H, H-5), 3.30 (dd, 1 H, J 3.3 and 10.3 Hz, H-3), 3.48 (dd, |
H,/4.9and 11.7 Hz, H-6a), 3.57(dd, 1 H, /5.9 and 11.7 Hz, H-6b),3.59 (dd, L H, J 7.8
and 10.3Hz,H-2),3.79(d, L H,J3.3Hz,H-4),4.79(d, | H,J7.8 Hz, H-1), 7.36-7.47 (m,
6 H, Ar), 7.70-7.76 (m, 4 H, Ar); °C, 6 19.1 (CMe,), 26.8 [C(CH,),}, 61.9, 66.7, 68.6,
72.1,74.1,97.3 (C-1), 127.4-135.8 (Ar).

Anal. Calc. for C,,H,,N,0,Si: C, 59.57; H, 6.59; N, 9.47. Found: C, 59.36; H, 6.49;
N, 9.46.

tert- Butyldiphenylsilyl 2-azido-4,6-O-benzylidene-2-deoxy-B-D-galactopyranoside
(6). — A mixture of 5 (22 g, 49.6 mmol), a,a-dimethoxytoluene (22.4 mL, 148.6 mmol),
and p-TsOH-H,0 (270 mg) in dry MeCN (400 mL) was stirred at room temperature for
1.5 h, then neutralised with aq. NaHCO,, and concentrated in vacuo. The residue was
extracted with ether, and the extract was washed with water and brine, dried (Na,SO,),
and concentrated in vacuo. Column chromatography of the residue on silica gel (800 g)
with hexane-EtOAc (3:2) afforded 6 (24 g, 91%), [«]’ —3.4° (¢ 2.2); R 0.47 (1:1
hexane-EtOAc). N.m.r. data: 'H, 6 1.14 (s, 9 H, 'Bu), 2.68 (b, | H, OH), 2.90 (bs, 1 H,
H-5),3.36 (b, 1 H; H-3), 3.64 (dd, 1 H,J 7.6 and 10.1 Hz, H-2),3.79(bd, 1 H, J 12.2 Hz,
H-6a),3.90(d, 1 H, J12.5Hz, H-6b),3.96(d, 1 H,J3.7Hz, H-4),4.39(d, 1 H,J 7.6 Hz,
H-1), 5.44 (s, 1 H, PhCH), 7.33-7.42 (m, 9 H, Ar), 7.50 (m, 2 H, Ar), 7.72-7.81 (m, 4 H,
Ar); UC, 6 19.2 (CMe,), 26.9 [C(CH,),], 66.3, 66.8, 68.7, 71.4, 74.4, 96.8 (C-1), 101.3
(PhCH), 126.5-137.6 (Ar).

Anal. Calc. for C,gH,;N,OSi: C,65.51; H, 6.26; N, 7.90. Found: C, 65.71; H, 6.31;
N, 8.00.

tert-Butyldiphenylsilyl 2-azido-3-O-benzyl-4,6-O-benzylidene-2-deoxy-f-p-galac-
topyranoside (7). — A mixture of 6 (1.5 g, 2.8 mmol) and 60% NaH in o0il (22.5 mg, 5.6
mmol) in dry tetrahydrofuran (20 mL) was stirred at 60° for 1 h, benzyl bromide (860
mg, 5.0 mmol) was added, and stirring was continued at 60° overnight. The mixture was
cooled, small pieces of ice were added, and the mixture was concentrated in vacuo. The
residue was extracted with ether—-EtOAc (1:1), and the extract was washed with water
and brine, dried (Na,SO,), and concentrated. Crystallisation of the residue from
hexane-EtOAc afforded needles of 7 (1.36 g). From the mother liquor, more 7 (0.14 g)
was obtained after column chromatography on silica gel (85.3% total yield); m.p.
147.5°, [a]5 +24.5° (¢ 1.3); R, 0.57 (7:3 hexane-EtOAc). N.m.r. data: 'H, 6 1.13(s, 9 H,
'‘Bu), 2.85(d, 1 H,J0.7 Hz, H-5), 3.23(dd, 1 H, J 3.7 and 10.3 Hz, H-3),3.77 (dd, 1 H, J
1.8 and 12.5 Hz, H-6a), 3.89-3.93 (m, 3 H, H-2,4,6b),4.38 (d, 1 H,J 8.1 Hz, H-1),4.68 (s,
2H, PhCH,),5.38[s, | H, PhCH(O),], 7.27-7.41 (m, 14 H, Ar), 7.53-7.54 (m, 2 H, Ar),
7.71-7.80 (m, 4 H, Ar); C, 6 19.3 (CMe,), 26.9 [C(CH,),], 64.8, 66.3, 68.9, 71.5, 72.4,
77.9,96.9 (C-1), 101.1 [PhCH(O),)}, 126.5-138.0 (Ar).
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Anal. Cale. for C, H N,OSi:. C. 69.54; H. 6.32: N. 6.76. Found: C. 69.50: H.
6.35; N, 6.73.

2-Azido-3-O-benzyl-4,6-O-benzylidene-2-deoxyv-n-galactopyranose (8). To a
stirred mixture of 7(1.39 g. 2.2 mmol) and AcOH (1.28 mL., 22.4 mmol) in tetrahvdro-
furan (30 mL) was added 0.23m n-Bu,NF -tetrahydrofuran (39 mL, 9 mmol) at 0.
Stirring was continued at (¢ - room temperature overnight. The mixture was then
concentrated in vacuo, the residue was extracted with ether- EtOAc¢ (111} and the extract
was washed with water. ag. NaHCO.. and brine. dried (Na.SO,), and concentrated in
vacuo. Column chromatography of the residue on silica gel (100 g) with toluene- EtQAc
(3:2) gave 8 (0.83 g, 96.8%). {xf5y + 138 (¢ 1.0): R, 0.25(7:3 hesane EtOAc),

Anal. Cale. for C,H. N.O: C 62,65 H, 5.52: N.10.96, Found: C. 62,58 H. 5,55,
N, 10.68.

2-Azido-3-O-benzyl-4,6-Q-benzylidene-2-deoxy-u- (9y and ~fi-v-galactopyranosy!
Huoride (10). - - To a stirred solution of 8 (750 mg. 2.0 mmol}in dry tetrahydrofuran (13
mL) at 0" was added diethylaminosulfur triftuoride (420 L. 3.2 mmol). The mixture
was stirred at room temperature for 30 min, McOH (0.5 mlL) was added. and the
mixture was concentrated in cacue. The residue was extracted with ether E1OAcC (1),
and the extract was washed with water and brine, dried (Na,S0O,). and concentrated in
vacuwo. Column chromatography of the crude product on silica gel (100 g) with toluene
EtOAc (7:3) gave 9 (591 mg. 78.4% ) and 10 (99 mg, 13.1%%).

Compound 9 had m.p. 108-109" (needles from hexane FtOAc), []}) +173.5 (¢
1.1); Ry 0.60(7:3 toluene-EtOAc). Num.r. data: "H.53.83(bs, | H.H-5).3.96 4.06 (m. 3
H, H-2,3,6a),4.25¢(d. 1 H, /2.2 Hz, H-4),4.29(dd. | H,J 1.5and 2.8 Hz, H-0b). 4.74 (d.
I H.J12.1 Hz, PhCH,), 4.78 (d. 1 H, J 12.1 Hz, PhCH,), 548 [s. | H. PhCH(O).]. 3.74
(dd. 1 H,J2.6and 53.5Hz, H-1},7.30 7.524m, 10 H, Ar); "C, 0 38.6(d,J 23.1 Hz. C-2).
64.9, 68.8, 71.3, 72.2, 74.2. 160.8 [PhCH(O),}, 106.9 (d. J 2258 Hz. C-1). 126.1-137.3
(Ar).

Anal. Cale. for C, H, FN.O C,62.33; H.5.23: N 10.90: F. 4.93. Found: C, 62.32:
H, 5.24; N, 10.86; F, 5.08.

Compound 10 had m.p. 107-109" (needles from hexane-EtOAc), [«];) + 55.7 (¢
1.1); Rp 0.38 (7:3 toluene-EtOAc). N.m.r. data; "H.53.41 (bs, | H, H-5), 3.44(ddd. I H,
J1.1.3.3,and 10.3 Hz, H-3), 3.98 (ddd. 1 H. /7.7, 10.3, and 12.5 Hz, H-2), 4.02 (bd. J
12.8 Hz, H-6a), 4.09 (bs, 1 H, H-4), 4.33(dd, 1 H, J t.5and 12.5 Hz, H-6b). 4.75 (s, 2 H,
PhCH,),5.00(dd, 1 H,J7.7 and 52.8 Hz, H-1),5.48 [s, | H. PhCH{(O).]. 7.32 7.54(m. 10
H.Ar); PC,662.0(d,720.8 Hz, C-2),66.7(d,J 6.1 Hz, C-3). 68.6. 71.6, 77.4(d. /9.8 Hz.
C-5), 1011 [PhCH(O),], 102.2 (d, J 213.6 Hz, C-1), 112.9-137.4 (Ar}.

Anal. Found: C, 62.38; H. 5.23; N, 11.01; F. 3.18.

N-(9-Fluorenyimethoxycarbonyl)-O-( 2-azido-3-O- benzyi-4,6-O-henzylidene-2-
deoxy-x- and -f-D-galactopyranosyl-( | —3 )-L-serine phenacyl ester (12 and 16). — (a)
By coupling of 9 and 11. A mixture of Cp,ZrCl;, (121 mg, 414 umol). AgClO, (172 mg. 830
umol), and well-dried powdered molecular sieves 4A (1 g) in dry CH.Cl, (4 mL) was
stirred at —20° for 30 min under Ar. A solution of 9 (80 mg, 207 gmolyand 11 (108 mg.
242 ymol) indry CH,Cl, (4 mL) wasadded, and the mixture was stirred at — 20" to — 1
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for 1.5 h, then quenched with pyridine (2 mL), diluted with CHCI,, filtered through
Celite, washed with water, aq. NaHCQO,, and brine, dried (Na,SO,), and concentrated in
vacuo. Flash chromatography of the residue on silica gel (30 g) with toluene-EtOAc
(4:1) afforded 12 (115 mg, 68.3%), 16 (31 mg, 18.4%). and 11 (17 mg).

(b) By coupling of 10 and 11. Reaction of the f-fluoride 10 (48 mg, 125 umol) and
11 (58 mg, 130 umol) was carried out with Cp,ZrCl, (55 mg, 188 umol), AgClO, (78 mg,
376 pmol), and molecular sieves 4A (0.6 g) in CH,Cl, (4 mL), as described above, to
afford 12 (61 mg, 60.4%), 16 (16 mg, 15.8%), and 11 (12 mg).

Compound 12 had m.p. 115° (wet)-121° (from hexane-EtOAc), [«]5 +103° (¢
1.1); Rp 0.59 (7:3 toluene-EtOAc). N.m.r. data: 'H, § 3.75 (s, 1 H, H-5), 4.37 (bt, 1 H,
CHAr,),4.74-4.77 (m, 3 H, Ser a-H and PhCH,), 5.10(d, 1 H,J2.4 Hz, H-1), 5.41 (d, 1
H,J6.1 Hz, CH,COPh), 5.45[s, | H, PhCH(0),], 5.46(d, 1 H, J6.1 Hz, CH,COPh), 5.96
(d, 1 H, J 7.9 Hz, NH), 7.26-7.90 (m, 23 H, Ar); “C, 6 47.1, 54.6, 58.8, 63.5, 66.9, 67.3,
69.2,71.3,73.0,74.2,100.2 (/. ;; 172 Hz, C-1), 100.8 [PhCH(0O),], 150.5 (NHCO), 169.5
(COOCH,), 191.0 (CH,COPH).

Anal. Calc. for C H,,N,0,,: C, 68.14; H, 5.22; N, 6.91. Found: C, 67.99; H, 5.15;
N, 6.59.

Compound 16 had [¢]5 +9.6° (¢ 1.4), Rz 0.39 (7:3 toluene—EtOAc). N.m.r. data:
'H, 53.30 (s, 1 H, H-5), 3.40 (dd, 1 H, J 3.4 and 10.4 Hz, H-3), 3.89 (dd, 1 H, /8.2 and
10.1 Hz, H-2), 3.97 (dd, 1 H, J 1.5 and 12.5 Hz, H-6a), 4.07 (d, 1 H, J 3.4 Hz, H-4),
4.22-4.27 (m, 2 H, H-6b and CHAr,), 4.32-4.40 (m, 3 H, H-1, CH,00CNH and Ser
f-H),4.46 (dd, 1 H, J 3.4 and 10.7 Hz, Ser -H), 4.74 (s, 2 H, PhCH,), 4.78 (m, 1 H, Ser
«-H), 5.38 (d, | H, J 16.5 Hz, CH,COPh), 5.45(d, l H, J 16.5 Hz, CH,COPh), 5.46 [s, 1
H, PhCH(0),], 6.05 (d, 1 H, J 8.2 Hz, NH), 7.26-7.81 (m, 23 H, Ar); °C, § 47.1, 54.5,
62.1,66.5,67.1, 67.5,69.0,69.2, 71.6, 72.3,77.8, 101.1 [PhCH(O),], 102.1 ("J 4 161 Hz,
C-1), 153.3 (CONH), 169.4 (COOCH,), 191.6 (CH,COPh).

Anal. Found: C, 67.72; H, 5.23; N, 6.83.

N-(9-Fluorenylmethoxycarbonyl) -O-( 2-acetamido-3-O-benzyl-4,6-O-benzylide-
ne-2-deoxy-a-D-galactopyranosyl-(1— 3 )-L-serine phenacyl ester (13). — To a solution
of 12 (490 mg, 0.6 mmol) in CH,Cl, (1.5 mL) was added thioacetic acid (3 mL). The
mixture was stirred at room temperature for 2 days, then concentrated in vacuo. The
resulting solid was washed with ether—EtOAc (1:1) and filtered to give crystalline 13 (367
mg). The filtrate was concentrated and the residue was again treated with thioacetic acid
(0.5mL) to give more (37 mg) 13 (total yield, 80.8%), m.p. 203-205° (from CHCL,), [«];;
+86° (¢ 0.3, 4:1 chloroform—methanol); R 0.41 (12:7:1 EtOAc—toluene-acetone).
N.m.r. data (CDCI,~CD,0D): 'H, 6 1.87 (s, 3 H, Ac), 3.67 (s, | H, H-5), 5.06 (d, 1 H, J
3.1 Hz, H-1),5.38(d, 1 H, J 16.5 Hz, CH,COPh), 5.49[s, 1 H, PhCH(O),], 5.56 (d, 1 H,J
16.5 Hz, CH,COPh), 7.23-7.91 (m, 23 H, Ar); ’C, d 22.6 (CH,CO), 99.3 (C-1), 100.9
[PhCH(O),], 172.3 (C-0).

Anal. Calc. for C,gH, N,O,,-2H,0: C, 65.44; H, 5.95; N, 3.18. Found: C, 65.20; H,
5.22; N, 3.11.

N-(9-Fluorenyimethoxycarbonyl) -O-( 2-acetamido-3-O-benzyl-2-deoxy -o-D -ga-
lactopyranosyl-( 1— 3 )-L-serine phenacyl ester (14). — A mixture of 13 (245 mg, 0.30
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mmol), CHCL, (0.8 mL), and ag. 80% AcOH (10 mL} was heated at 60 for 3.5 h. then
concentrated. Column chromatography of the residue on silica gel (40 g) with CHCT,

MeOH (19:1) gave 14 (194 mg, 88.6%). [«];, +54.3 (¢ 0.9. 4:1 chloroform methanol):
R, 0,40 (9:1 CHCI, MeOH). Nom.r. data: "H, 0 1.90 (s, 3T, Ac)h. 4.93 (d. 1 H.J 3.1 Hz.
H-1),530(d. I H, J16.2 Hz2. CH.COPhY. 5.60(d. 1 H.J 162 Hz. CH.COPh). S5t (d, |
H. J 7.9 Hz, NHy. 6.49 (d. ! H. J 9.8 Hz, NH), 7.23 787 (m. 18 H. Arn; °C
(CDCL CDOD)Y, 0229 (CHCOY. 470, 481, 542, 62,3, 66,6, 671,682,709, 714
76,4, 987 (C-1) 199 143 70 1S0LS (NHCOO, 169 (C= O 171200 =, 19204
{CH,COPh).

Anal. Cale. for C, H,\N.O, 0 C,660.606: H, 573, N 379 Found: CL66.39; HL 572
N, 3381,

N-79-Fluorenyimethoxvearbony! )-O-~i 2-azido-3-O -benzvi-2-deaxv-x-D-galucto-
pyranosyl-i 1 =3 i-t=serine phengeyfester (183 A mixture of 120170 me, 0.21 mmob
and ag. 80% AcOH (T mL} wus kept at 60 for 2 h, then concentrated i racno. Column
chromatography of the residue on silica gel (30 ¢) with CHCL MeOH (191 gave 18
(125 mg. 82.5%). [x]; =57 (¢ 1.2 R, 018 (11 toluene F1OAc) Nomor data: Hoo 371
(dd. 1t H.J 3.7 and 10.4 Hz, H-2), 377 (m, | H.H-6a3, 386392 (m. 2 HL H-5.6b), 299
(dd. 1 H. /2.7 and 104 Hz, H-3). 4.04(dd. | H, /3. Tand 1LOHzZ Ser f-H)L 4 12d T HL
J2AHZ H-4) 425U T H /69 Hz A, CI 431 (ddV T HL /3.7 and THO Hz Ser -H ),
444 (m. 2 H. CH.OOCNH). 4.69 (d. 1 H, J 113 Hz, PhCH,). 4. 74 (m. 2 1L PhCH. and
Sera-H)L S0 (d T HL 734 My -1, 54T (d T HL 16 He, CHCOPh). S46d T HLS
16,5 Hz. CH,COPh). 6.18 (4. t H. /8.6 Hz, NH}. 7.20 789 (m. 18 HoAry VO, 0471,
S9.1, 62,7, 66.9. 67.2, 70.5. 718, 757, 99.5 (C-1). 1200 1438 (Ary 1560 (NHCO),
169.6 (COOCH,). 191.3 (CH,COPh).

Anal. Cale. for C,H N,O -0.5H,0: C.64.01: H. 5.37: N, 7.66. Found: C. 64.26;
H. 527 N.7.63.

N-19-Fluorenvimethoxvearbonyl-O-10- benz v ( S-acetaniido-4.7 8 9-1ctra-O-ben-
zyl-3-deoxy -3-S-phieny!-3-thio-p-erythro-x-i -gluco-2 -nonulopyranosyl jonate f-+ 2 6 -
2-acetamido-3-O-benzyvi-2-deoxy-o-D-galaciopyranosyll-i [ = 3 ;-1 ~serme phenacyl ester
(18). {a; By coupling of 14 and 17. A mixture of 14 (39 mg. 33 gmol), HelON L (33 mg,
139 gmol). HgBr. (15 mg. 42 jamol), and dried powdered molecular sieves 4A (300 me) in
dry CH,CI, (3 mL) was stirred under reflux under Ar. A solution of 17 (7% mg. 85 gmol)
mdry CCI, (4 mL)was added dropwise during 20 min, and the mixture was stirred under
reflux for 30 min. then cooled. diluted with EtOAc, filtered through Celite. washed with
water and brine. dried {Na .SO,). and concentrated in cacwo. Column chromatography
of the residue on silica gel {15 g) with CHCL-MeOH (19:1) gave a mixiure (94 mg) of less
polar matertals and 14 (25 mg). Preparative tle. (1:1 toluene EtOAc) of the mixture
afforded benzyl S-ucetamido-2.7-unhydro-4.8.9-1ri-0-benzyl-S-deoxy-3-S-phenyl-3-
thio-v-crythro-o-D-gluco-2-nonulopyranosonate (23, 41 mg). R, 0.51 ¢i:1 toluene
EtOAc). and 18 (24 mg, 28.6%). [af;; + 36" {¢ 1.1): R, 0.20 (111 toluene FtOAc) N.m.r.
data: 'H. 0 1.64 (s, 3H, Ac), 180 (s, 3 H. Ac). 4 84(d. T H. /3 1 Hz Holuy, S07(d 1 HLJ
12.2 Hz, CO,CH,Ph), 5.10 (d. t H, J 12.2 Hz. CO.CH.Ph), 8.27 (d. 1 11 J 16.5 H7,
CH,COPh), 5.48(d, TH.J16.5H7, CH,COPh), 3.63(d. ITH.J8 2 Hz. NHLO6.11{d. I H,
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J 9.5 Hz, NH); *C, 6 23.2 (CH,CO), 23.6 (CH,CO), 47.1 (Ar,CH), 98.7 (C-1a), 101.0
(C-2b), 119.9-143.7 (Ar), 167.1 (C=0), 169.5 (C=0), 170.0 (C=0), 191.6 (C=0).

Anal. Cale. for C,;Hy;,N,0,,8: C,70.30; H, 5.90; N, 2.64; S, 2.02. Found: C, 69.87;
H, 5.88; N, 2.64; S, 2.12.

N.m.r. data for 23: 'H, 6 2.02 (s, 3 H, Ac), 3.49-3.54 (m, 2 H, H-8,9a), 3.59 (bs, 1
H, H-3),3.68 (m, 1 H, H-9b), 3.83(d. 1 H, /0.9 Hz, H-4),4.30(dd, l H,J1.5and 9.2 Hz,
H-5), 4.66-4.70 (m, 2 H, H-6,7), 5.17 (d, 1 H, J 12.2 Hz, CO,CH,Ph), 5.25(d, 1 H,J12.2
Hz, CO,CH,Ph), 6.38 (d, 1 H, J 9.2 Hz, NH), 6.98-7.36 (m, 20 H, Ar); "C, 6 23.3
(CH,CO), 48.3, 51.7, 67.6, 69.0, 71.3, 72.5, 73.4, 76.7, 78.0, 78.7, 79.4, 104.7 (C-2),
127.5-138.0 (Ar), 165.2 (C=0), 169.0 (C=0).

(b) By reductive N-acetylation of 20. A mixture of 20 (78 mg, 49.6 umol), CH,Cl,
(150 L), and thioacetic acid (800 uL) was stirred at room temperature for 2 days, then
concentrated in vacuo. Column chromatography of the residue on silica gel (15 g) with
toluene-EtOAc (1:1) gave 18 (72 mg, 91.4%).

'H-N.m.r. data of the acetate (19) of 18: 6 1.67 (s, 3 H, Ac), 1.80 (s, 3 H, Ac), 1.94
(s,3H, Ac), 3.49(d, l H, J7.3 Hz, H-3b), 4.89 (d, 1 H, J 2.8 Hz, H-1a), 5.05 (b, 2 H,
CO,CH,Ph), 5.25(d, 1 H, J16.5 Hz, CH,COPh), 5.43(d, 1 H, J 16.5 Hz, CH,COPh),
5.44 (bs, | H, H-4a), 5.69 (d, 1 H, J 8.5 Hz, NH), 6.03 (d, 1 H, J 9.2 Hz, NH).

N-(9-Fluorenylmethoxycarbonyl )-O-{O-{benzyl (5-acetamido-4,7,8 9-tetra-O-ben-
zyl-5- deoxy- 3- S- phenyl- 3- thio- D - erythro -a-L-gluco -2 -nonulopyranosyl jonate | - (2—6 ) -
2-azido-3-O-benzyl-2-deoxy-u-D-galactopyranosyl}-( 1 —3 )-L-serine phenacyl ester (20).
-— A mixture of 15 (80 mg, 111 umol), Hg(CN), (97 mg, 384 umol) , HgBr, (43 mg, 119
umol), and dried powdered molecular sieves 4A (1 g) indry CCl,—~CH,Cl, (8 mL and 4 mL)
was stirred at room temperature under Ar for 30 min, then cooled to —20°, and treated
with a solution of 17 (220 mg, purity 72%, ~ 170 gmol) in dry CCl, (7 mL). The mixture
was stirred at —20° — room temperature overnight, diluted with EtOAc, filtered through
Celite, washed with water and brine, dried (Na,SO,), and concentrated in vacuo. Flash
chromatography of the residue on silica gel (50 g) with toluene—EtOAc (4:1) gave slightly
crude 20 (220 mg), which was further purified by gel-permeation chromatography on
Bio-beads S x 3 (50 mL) with toluene to afford 20 (148 mg, 85%), [a]5 +45°(c 1.2); Rz 0.41
(7:3 toluene-EtOAc). N.m.r. data: 'H. J 1.66 (s, 3 H, Ac), 3.43 (d, 1 H, J 7.6 Hz, H-3b),
494(d, 1 H,J3.4Hz, H-1a),5.08(d, 1 H,J 11.9 Hz, CO,CH,Ph), 5.14(d, 1 H,J 11.9Hz,
CO,CH,Ph),5.33(d, 1 H,J16.5Hz, CH,COPh), 5.42(d, | H,J16.5 Hz, CH,COPh), 5.94
(d, 1 H, J 8.2 Hz, NH); °C, 6 23.7 (CH,CO), 47.2 (Ar,CH), 98.9 (C-1a), 101.1 (C-2b),
119.9-143.9 (Ar), 167.1 (C=0), 169.5 (C=0), 191.1 (C=0).

Anal. Calc. for C,,HiN.OS: C, 69.49; H, 5.70; N, 4.45. Found: C, 69.08; H, 5.70;
N, 4.41.

'H-N.m.r. data of the acetate (21) 0of 20: 6 1.69 (s, 3 H, Ac), 1.94 (s, 3 H, Ac), 3.48 (d,
1H,J7.6Hz H-3b),4.99(d, 1 H, /3.1 Hz, H-1a), 5.08 (bs, 2 H, CO,CH,Ph), 5.26 (d, | H,
J16.2Hz, CH,COPh),5.41 (d, 1H,J16.2 Hz, CH,COPh), 5.48 (bs, 1 H, H-4a}, 6.03 (d, |
H, J 8.2 Hz, NH).
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N-79-Fluorenylmethoxycarbony! )-O-{O-[ benzyi  ( S-acetamido-4.7 8 9-tetra-O-hen-
zyl-5-deoxy -3 -S-phenyi-3-thio-D-erythro-g-L-gluco-2-nonulopyranosyl onare J-1 26 i-2-
acetamiclo-3-O-benzyl-2-deox y-u-D-galactopyranosyli-{ 1 - 3 i-L-serine (22). - A mixture
of 20 (84 mg, 52.9 umol) and Zn dust (1.0 g) in ag. 80% AcOH (2.5 mL) was sturred at
room temperature for 2.5 h. then diluted with EtOAc. filtered through Celite, and
concentrated i1 vacuo. Column chromatography of the residue on sihea gel (25 g) with
CHCl-MeOH AcOH (92:3:5) gave 22 {75 mg. 96.5%). [#],y +75 (o 1.2p "H-N.mur.
data: ¢ 1.63 (s. 3 H. Ac). 1.66 (s, 3 H. Ac).

Anal. Cale. for C, H,. N O S2H.O: CL67.76; HL6.09: N, 2.79: 5, 213 Found: C,
67.28: H, 3.70; N. 3.35:8, 1 958,

N-79-Fluorenyimethoxvearbonyl j-O-10-fbenzyl : S-aceiamido-4.7.8 9-teira-0O-
benzyl-3-deoxy-3-S-phenvi-3 -thio -p-erythro-gz-L-gluco-2-nomiopyranosvl .onate f-- 2 —6 ;-
Z-acetamido-3-G-benzyl-2-deoxv-y-D-galactopyranosyi - 1 — 3 i-y ~servi-L-rafine benzy!
ester (24). - - A solution of i -valine benzylester (29 mg, 142 gmol)indry CHLCL (18 mL).
prepared from L-valine benzyi ester p-toluenesulfonate und Et.N in CH.CL. was added
under Ar to a mixture of 22 (70 mg, 47.6 gmol) and EEDQ {35 mg. {413 amolyin dry
CH.CL (1 mL). The mixture was stirred at room temperature for 2 dass, dituted with
CHCI.. washed successively with s HCL water. ag. NaHCO, water. and brne. dried
{Na-S0,). and concentrated in vacuo. Preparative tl.c. of the residue with EtOAC toluene
(3:2y afforded a fraction that contained 24. which was treated with Amberlyst 150H7)
resin to remove quinoline and gave 24 (65 mg, 82.3% ), [2);, +46 1o Lop R, 01,43 (37
toluene-FtOAc) Nom.r. datse 'H. 5 0.83¢d. 3H. /6.7 Hz, Val Me) 085 1d. I H../6.7 Hy.
ValMe) 164 (s, 3H, Ac). 193 3H A 216 (m, T HL Val f-H) . 330 (bd. L HL /101 Hz,
H-3b), 3.89 (d. 1 HL /2.7 Heo Heda), 394 (bu | Ho A CH 496 (d0 1 L 7 122 Haz,
CO.CH.Ph). 5.07 (d, T HL /110 He, COCHPhy 52 0dl F HL TS Hz COCH Ph.
SRV HL/ 1T O Hz, CO.CH-Ph). S85¢bd. T H.J 6.1 Hz. NH). 6,03 (bd, F HL /7 3 Hz
NH}. 6.89 (b, } HONH); “CLa 178 (CH ), 233 (CHCOL 236 (CH OO 303 (Me.CH L
47.2 (Ar, (1, 987 (C-1a), 1010 (C-2b) 1558 (INHCO,), 1675 (O =0 1696 (U= 00,
169.7 (C=0). 170.0 (C= 03, 1718 (C=0).

Anal. Cale. for Co-H N0 S Co7009: HL 619 N 338 Found: CL69.97 HL 621
N. 3.44

N-19-Fluorenyimethoxycarbonyl-O-{O-[benzil ( S-ucetamido-4.7 8 9-tetra-O-ben-
zvl-3 3-dideoxy-n-glycero-o-p-gatacto-2-nondopyvranosyi sonaie - 2 -+ 6 - Jegeeranido-3-
O-benzyl-2-deoxyv-a-D-galaciopyranosyl}-i { - 3 j-1-servi-l-valine henzvi cster (28), A
stirred mixture of 24 (61 mg, 36.7 yamol). M Ph,SnH in benzene (310 by, and 2.3 -azobis-
(isobutyronitrile) (1 mg) in drv tohience (1.8 mL was heated at 1007 with stirnmg under Ar
overnight, then concentrated i racuo. Flash chromatography of the residue on silica gel
(20 g) with toluenc -EtQAc {1:1) gave a mixture of 24 and 25, which was again treated as
described above. After flash chromatography of the product. the fraction that contained
24 and 25 was subjected to preparative the. with toluene-EtOAC (7.3 to afford 24 (5.3
mg)and 25(30.5mg, 53.3%). {2 38 (0.9 R 03173 FOAC toluene) Nomr data
'H,00.82(d, 3H, /7.0 Hz. Val Me), 088 (d. 3H. /6.8 Hz, Val Me) 1730 Y HL AL T W2
(s. 3H. AL 217 (m. T H, Val 5-Ho 2.75(dd. T HL /4.5 and 128 Bl  H-3b 4.02 (bs, T HL
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H-4a),4.99(d, 1 H,J12.3 Hz, CO,CH,Ph), 5.08 (d, { H, J12.3 Hz, CO,CH,Ph),5.15(d, 1
H, J 12.0 Hz, CO,CH,Ph), 5.17 (d, 1 H, J12.0 Hz, CO,CH,Ph), 5.67 (bd, 1 H, J 6.3 Hz,
NH), 6.12 (bd, | H, J 7.0 Hz, NH), 6.57 (b, 1 H, NH); 'C, § 17.7 (CH,), 19.0 (CH,), 23.3
(CH,CO), 23.7 (CH,CO), 31.4 (Me,CH), 37.2 (C-3b), 47.2 (Ar,(), 99.2 (C-1a,2b), 155.8
(NHCQ,), 168.0 (C=0}, 169.6 (C=0), 1700 (C=0), 170.3 (C=0),172.0 (C=0).

Anal. Caic. for C;,Hy,N,O,,: C,70.43; H,6.37; N, 3.61. Found: C,70.29; H, 6.47; N,
3.56.

O-{O-{Benzyl (5-acetamido-4,7,8,9-tetra-O-benzyl-3,5-dideoxy-p-glycero-a-D-ga
lacto-nonulopyranosyl)onate ] -(2—6 ) -2-acetamido-3-O-benzyl-2-deoxy -a-D-galactopy-
ranosyl}-(1—3 )-L-seryl-L-valine benzyl ester (26). — A solution of 25 (29 mg, 18.7 umol)
in morpholine (0.7 mL) was stirred at room temperature for ! h, then diluted with
toluene, and concentrated in vacuo. Flash chromatography of the residue on silica gel
(10 g) with toluene-EtOH (7:1) afforded 26 (23.8 mg, 95.8%), [«] +33° (¢ 0.8); R 0.52
(5:1toluene-EtOH). N.m.r. data: '"H, 8 0.80(d, 3H,J7.0 Hz, ValMe), 0.83(d,3H,J 7.0
Hz, ValMe), 1.77(s,3H, Ac). 1.94(s,3H, Ac), 2.15(m 1 H, Val §-H),2.74(dd, | H,J4.3
and 12.8 Hz, H-3b$), 3.47 (ddd, 1 H, 4.3, 10.1, and 11.4 Hz, H-4b),3.97(d, 1 H,J 2.5
Hz,H-4a),4.73(d, 1 H, /4.0 Hz, H-1a),5.10(d, 1 H, J12.2 Hz, CO,CH,Ph), 5.12(d, 1
H,J122Hz, CO,CH,Ph),5.16 (d, 1 H,J12.2 Hz, CO,CH,Ph),5.18 (d,1 H, J 122 Hz,
CO,CH,Ph), 597 (d, 1 H, J9.2 Hz, NH).

Anal. Calc. for C,(H N,O,;: C, 68.66; H, 6.67; N, 4.21. Found: C, 68.58; H, 6.68;
N, 4.22.

N-{9- Fluorenylmethoxycarbonyl)-O-{O- [ benzyl ( 5-acetamido-4,7,8,9- tetra-O-ben-
zyl-5-deoxy- 3- S- phenyl- 3- thio-D-erythro- - 1-gluco- 2-nonulopyranosyl )onate J-( 2—6 ) -2-
acetamido-)3-O-}benzyl-}deoxy-oc-&D-galactop yranosyl}-f( 1-3 )(—L-seryl—O’-{—[benzyl (5-ace-
tamido-4,7,8,9-tetra- O-benzyl-3,5- dideoxy-D- glycero- o- D- galacto -2-nonulopyranosyl ) -
onate | - (26 )- 2-acetamido- 3-O- benzyl- 2- deoxy- a-D-galactopyranosyl}- (13 )- L-se-
ryl-L-valine benzyl ester (27). — A mixture of 22 (20 mg, 13.6 gmol), 26 (16.2 mg, 12.2
umol), and EEDQ (10 mg, 40.4 umol) in dry CH,Cl, (0.8 mL) was stirred at room
temperature for 3 days, then concentrated in vacuo. Gel-permeation chromatography of
the residue on Bio-beads S x 3 (120 mL) with toluene-EtOAc (4:1) gave a fraction that
contained 27, which was subjected to preparative t.l.c. with toluene-EtOAc-EtOH (8:1:1)
to afford 27 (25.1 mg, 74.0%), []2 + 54° (¢ 1.0); R 0.48 (5:1 toluene-EtOH). 'H-N.m.r.
data: 6 0.78 (d, 3 H, /7.0 Hz, Val Me), 0.79 (d, 3 H, J 6.4 Hz, Val Me), 1.63 (s, 3 H, Ac),
1.71(s,3H, Ac), 1.90 (s, 3H, Ac), 1.93 (s, 3 H, Ac), 2.07 (m, 1 H, Val JH),2.74 (dd, 1 H, J
4.0 and 12.8 Hz, H-3dp), 4.86 (d, 1 H, J 3.7 Hz, H-1a or H-1¢), 4.95(d, | H, J12.2 Hz,
CO,CH,Ph), 5.04-5.19 (m, 5 H, CO,CH,Ph), 5.86 (bd, 1 H,J6.4 Hz, NH),6.14 (bd, 1 H,J
7.6 Hz, NH), 6.48 (bd, 1 H, J 8.6 Hz, NH), 6.89 (b, 1 H, NH).

Anal. Calc. for C,,,H,;;)N,0,,S-5H,0: C, 67.32; H, 6.42; N, 3.41. Found: C, 67.39;
H, 6.07; N, 3.43.

N-(9-Fluorenylmethoxycarbonyl)-O-{O-[benzyl ( 5-acetamido-4,7 .8 9-tetra-O-
benzyl-3,5-dideoxy-p-glycero-u- D- galacto- 2-nonulopyranosyl)onate |- 2—6 )-2-acetami-
do-3-O-benzyl-2-deoxy-a-D-galactopyranosyl}~( 1 - 3 )-L-seryl-O-{O-[ benzyl ( 5-aceta-
mido-4,7,8,9-tetra-O-benzyl-3,5-dideoxy-D-glycero-a-D-galacto-2-nonulopyranosyl)-
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ontate [-( 2—6 j-2-acetamido-3-O-=henzyi-2-deo xv-a-D-galactopyranosyf] - -3 -1 -
servi-L-valine benzyvl estor (28). A mixture of 27 (26.8 mg. 9.6 ymoly. v Ph,SnH
benzene (400 x L), and 2.x'-azobis(isobutyronitrile) (I mg) in dryv benzene (100 4L was
heated at 90" for 2 h, then concentrated in vacio. Flash chromatography ot ‘thc restdue
on sthea gel (13 g) with toluene EtOAc¢ EtOH (10:10:1} gave a muxture of 27 und 28
{~ 1:1). which was again treated as above. After three repetitions of the proceduie. the
mixture of 28 and 27 (95:5 by h.p.d.c.) was purnified by h.p Lo o s column of Cosmosil
ODS(20 x 250 mm)inag. 97% MeOH 1o afford 78(“( dmg T8 2% ) 40 G %,U);
R, 0.29(7:1 toluene-FtOH ). "H-N.m.r. data: (){) (d.3HL ST O Hy Val Mg (O 80¢d. 2
H. /&2 Hz, Val Me). 1.72 (5. 3 H. Acy 192 H Ach }‘%)44:», IHL A, 2.09 m. HE.
Val f-H), 2.73 (m. 2 H., H- \h/} 3d/. 4.0 1\\ JH, H-dadern 496 0d. P HL /2D Mo
CO.CHPhYL 500 T H. /122 H2. COCH.Ph) 508 (d. 1 HL /122 He « ()3(,117[’}1).
SHA(d.2H. /O H2 CO.CHPh) 5 15(d, E HUZ 122 HA COCH. P 572 (T HL
NH). 6.34 (bd, 2 H. NH), 6.93 (b, | H. NH). 6.98 {bd. | H. NH.
Anal. Cale. for €, H N () SOHLO:Co 6692 HL A 560 N V52 Found: (1 6689
H, 6.13; N, 3.45
O-10-/ Benzvl ¢ 5-aectamido-4,7 .8 Y-tetra-O-benzyv -3 5-dideoxy-np-glyveero-o-p-
gaIacto—_’—nmzu/()p_w'anu.\}. Donate -0 26 ;- 2~acetamido-3-O-henzyi-2~deax v-v-pD-galac-
topvranosyl-¢ [ -3 ) <1 -servt-O-[O-[henzvi ¢ Seacetumido-4.7 8 Y9-rorra-O-benzvf-3.5-
dideoxy-D-glvcero-x-b-galacto-2-nonulopvranosyl jonaic f -7 20 -2 -aceramido- 3-O-
henzyl-2-deoxv--D-galactopyranosyl)-i 1=+ 3 -1 <servi-t-valine benzyl exier (295 Com-
pound 28 (17.3 mg, 6.5 pmol) was treated with morpholine as deseribed for the
preparation of 26. Flash chromatography of the pmduu on silica gel {7 2) with
toluene -E1OH (8:1) afforded 29 (15.0 mg. 94.6%). [«);, -+ 435 (¢ 1) R, .45 (51
toluene -E1OH), 'H-N.m.r dat: 0080 (4. 3L /70 Hz Val Men 0853 (d, A H L Jo 7T Hz,
ValMe), 1735 3HAC 1766, 3 HL Ac), 1.94 (s, 3 HL Ac) 1.96¢ H Ao 2 hbim. ]
H. Val f-H), 2.74 (m. 2 H. H by, ?d/f 3.95¢hs. T and 4.01 {hs, \I yeH- «mndH <),
472 (d. 1 H, J 3.7 Hzyand 4.80 (d. t H. /3.4 H7z) HJ;}.!CL 498 P HL 2.2 He
CO,CH,Ph), 5.06 (d. 1 H, J 11.9 Hz. CO,CH,Ph), 5.08(d. T H, ./ 119 Hz CO. ("H PH
SA3(d. T H, /122 Hz. (‘() ("IP} 1), 5.4 (d. T H, Illli{f COCH.Phy S5
12 2Hz. CO,CH.Ph). 6.3 L J92Hz, NHL 648 (d. ] HL 7R 2 Hy \H,m(mésm, K
H.J 8.0 Hz, NH).
Anal. Caie.for C,H,  NO.C3H.O:Co67.10: Ho6.04; N3V Found: (L6709
H. 6.30: N, 3.92,
N-f9-Fluorenyimethoxvearbonyi-O-,O-f henz vl S-qeetamido-4.7 8 Y-reira- ()«
henzvi-3-deoxy-3-S-phenyi-3-thio-p-erythro-g-1-ghuco-2-ponulopvrano vl ongie |

1 20 - 2-ucetamido-3-O-henzvi-2-deox y-z-1- (/a/m topvianosvii-s e st (- ] ()-
[henzvl i 5-acetamido-4.7 .8 Y-1etra-O-penzyl-3.5 -dideoxy -y -glveere -2 -p -galacto - 2-
nontlopyranosylonate ] -0 26 0 2eacetamido-3-O-perizvl-D-deoxy-s-i-galacropyrano-
syli-1 ] 3 )1 -servl-O-1O-[ benzyd ¢ S-acetamido- 4 S 9-tetra-O-honzvi-3 . 5-dideoy y-p-
glycero-a-p-galacto-2-nonulopyvranosvlionate [~y 26 i-2eaee /mz.’.m:a?'()u/n novi-I2-deo-
Xv-g-D-galactopyranosyl-7 1 =3 -t -servi-i lLI/H?( henzvl ester {300 Reuaction of 22

{132 mg. 9.0 gmoly and 29 (158 mg, 6.4 gmol) was performed with FEDQ (7 mg. 28
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umol) in dry CH,Cl, (0.6 mL) at room temperature for 4 days. As described for 27, the
product was purified by gel-permeation chromatography and preparative t.l.c., to
afford 30 (21.6 mg, 85.5%), [aly +51° (¢ 1.1); R 0.56 (5:1 toluene- EtOH). 'H-N.m.r.
data [(CD,),S0, 80°]: § 0.73 (d, 3 H, J 6.7 Hz, Val Me), 0.76 (d, 3 H, J 6.7 Hz, Val Me),
1.56 (bt, 2H, H-3da,3f), 1.77(s,3 H, Ac), 1.82(s, 6 H, 2 Ac), 1.83 (s, 9 H, 3 Ac), 1.95 (m,
1 H, Val g-H), 2.67 (dd, 2 H, J 3.7 and 12.2 Hz, H-3dB,31f), 3.24 (d, 1 H, J 9.8 Hz,
H-3ba),4.87(d, 1 H, J 12.2 Hz, CO,CH,Ph), 5.04-5.10 (m, 4 H, CO,CH,Ph), 5.15(d, 1
H,J12.5Hz, CO,CH,Ph), 524 (d,2 H, J12.2 Hz, CO,CH,Ph), 6.77 (d, 1 H, J 9.8 Hz,
NH).6.84(d,1H,J/9.8 Hz, NH), 6.99 (d, 1 H,/9.5Hz, NH),7.63(d, | H,J7.9Hz, NH),
7.96 (b, | H, NH), 8.03 (d, 1 H, J 8.2 Hz, NH).

Anal. Calc. for C,H,,,N,,0,,8:3H,0: C,68.27; H, 6.37; N, 3.54. Found: C, 68.18;
H, 6.21; N, 3.50.

N-(9-Fluorenylmethoxycarbonyl)-O-{O-[benzyl ( 5-acetamido-4,7,8,9- tetra-O-
benzyl-3,5-dideoxy-p-glycero-a-p-galacto -2-nonulopyranosyl jonate [-(2—6 )-2-aceta-
mido-3-O -benzyl-2-deoxy-a-D-galactopyranosyl} - (I —3 ) -L-seryl-O-{O-{benzyl (5-
acetamido-4,7,8,9-tetra-O -benzyl-3,5-dideoxy-D-glycero-a-p-galacto-2-nonulopyrano-
syl)onate]-(2—6 ) -2-acetamido-3-O-benzyl-2-deoxy-a-n-galactopyranosyl}-(1—3 ) -1L-
seryl-O-{O-[benzyl  (5-acetamido-4,7,8,9-tetra-O-benzyl-3,5-dideoxy-D-glycero-o-p-
galacto-2-nonulopyranosyl Jonate |-( 2—6 )-2-acetamido-3-O-benzyl-2-deoxy-a-D-galac-
topyranosyl}-( 13 )-L-seryl-L-valine benzyl ester (31). — Compound 30 (20 mg, 5.1
umol) was treated with Ph,SnH and «,2"-azobis(isobutyronitrile) as described for the
preparation of 28. The procedure was repeated three times and the product (a 93:7
mixture of 31 and 30) was subjected to h.p.l.c. to give 31 (13.2 mg, 67.9%), (o] +47° (¢
0.6); R 0.54 (5:1 toluene-EtOH). '"H-N.m.r. data [(CD,),SO}: 6 0.68 (d, 3 H, J 6.4 Hz,
ValMe),0.73(d,3H, J 6.7 Hz, Val Me), 1.50 (m, 3 H, H-3bx,3dx,3fx), 1.77 (s, 3 H, Ac),
1.81(s,3H, Ac), 1.82(s,3H, Ac), 1.86(bs, 9 H, 3 Ac), 2.69 (bd, 3 H, H-3bf, H-3df, and
H-3ff), 5.04-5.28 (m, 8 H, CO,CH,Ph), 7.03 (bd, 1 H. NH).

Anal. Calc. for C,yH,, N,,0,,4H,0: C, 68.00; H, 6.46; 3.62. Found: C, 67.80; H,
6.35; N, 3.56.

O-{O-[ Benzyl (5-acetamido-4,7,8,9-tetra-0O-benzyi-3,5- dideoxy-p-glycero-a-n-
galacto-2-nonulopyranosyl Jonate |-( 26 )-2-acetamido-3-O-benzyl-2-deoxy-a-D-galac-
topyranosyl}-(1— 3 )-L-seryl-0-{O-fbenzyl  (5-acetamido-4,7.8,9-tetra-O-benzyi-3,5-
dideoxy-D-glycero-a-p-galacto-2-nonulopyranosyl )onate [-( 2—6 )-2-acetamido-3-O-
benzyl-2-deoxy-a-D-galactopyranosyl}-( 1 —3)-L-seryl-O-{O-[benzyl (5-acetamido-
4,7,8,9-tetra-0O-benzyl-3,5 -dideoxy -D-glycero-a-D-galacto-2-nonulopyranosyl jonate -
(26 )-2-acetamido-3-O-benzyl-2-deoxy-a-D-galactopyranosyl}-( 1— 3 )-L-seryl-L-vali-
ne benzyl ester (32). Compound 31 (11 mg, 2.9 umol) was stirred with morpholine (0.5
mL) at room temperature for 1.5 h, and the product was purified by flash chromatog-
raphy and gel-permeation chromatography to give 32 (9.8 mg, 94.6%), [2]5 +50° (¢
0.5); R,.0.46 (5:1 toluene—EtOH). 'H-N.m.r. data [(CD,),SO, 80°]: 60.73 (d,3H, J 7.0
Hz, Val Me), 0.77 (d, 3 H,J 7.0 Hz, Val Me), 1.58 (m, 3 H, H-3ba,3da,3fx), 1.77 (s, 3 H,
Ac), 1.82 (s, 6 H, 2 Ac), 1.83 (s, 9 H. 3 Ac), 1.95 (m, 1 H, Val g-H), 2.66 (m, 3 H, H-
3bp,3dB,3(6),4.90(d, 1 H, J 12.5 Hz, CO,CH,Ph), 5.06 (d, 1 H,J 12.2 Hz, CO,CH,Ph),
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5.08(d. 1 H./J12.2Hz, CO,CH.Ph). 5.09(d, 1 H,J 125 Hz. CO.CH.Ph). 5.10(d. TH.J
12.2 Hz, CO, CH Ph) 5224¢d. 1 H, J 12.2 Hz, CO,C/H.Phy, 323 ¢d. L HL J 12.2 Hz,

CO,CH.Ph). 5 L HLJ 125 He, COCH.Ph). 6.82 (bd, | H. NHL 7.02 (bd. 1 H.
NH}. V(ﬂ(b 2 H \H) 7‘)/ {bd. I H. NH). 8.03 (bd. I H. NH).
Anal. Cele. for C,, ,Ho N, O, 3H.O: C. (1,7.51 Ho656: N386 Found: CL67.73:

H. 6.32: N, 3.26.

O-[0-73-Aceramido-3 5-dideoxy-p-glycero-z-n-galacto-2-nonulopyrancsvionic
acid j-1 2= 6 -2-acetamido-2-deoxy ~x-l)-qalmmmumm) []-c T3 epeyery O [ O-1 52
acetamido-3 . 5-dideoxy-v-glveero-z-n-galacto-2-nemdopvranosyionic avid -7 26,22~
acetamido-2-deoxv-s-D-galactopyranosyl - 1-» 3 i-Leservi-t-valine {1 A mixture of
29 (10.5 mg. 4.3 pmol) and 20% PA(OH )L C (10 mg) in ayg. 30% McOH was strred
under hydrogen at room temperature for 5 days. then filiered through Celire. and
concentrated /i vacuo. The residue was washed threugh a short column of Sephadex
LH-20 with water, and the resuloing crude product was subjected to ;x;aion—cmh'mﬂc
chromatography on Mono- Q {(HR3/53) with a gradient of NH,HCQO, bulfer {0.05m (5
min}-0.15v (20 miny 0 306 (30 min)]. The [ractions that contaimed 1 were combined
and concentrated i racuo. and NH HCO, was removed by evaporation of water several
times from the residue which was then lyophilized to leave T3] mg) [2f7 4 88 (¢ 0.2,
water). "H-Nomor, data (D0, 20 1 00,92 3HL J 6.7 Hz, Val Mep 0,93 dd, Y HL 7 7.0
Hz, Val Me), 1.68 (bt. 2 H. ./ 125 Hz, NeuAc H-32). 2,02 (s, 9 FL 2 AL 203 s YT HL AL
2450m T H o Val p-H). 27 dds T HOJ 4. 5and 125 Hz, NewAce H-300. 274 (dd T HLYS
4.6 and 12.2 Hz. NeuAc H-3/, 3.57(dd. 2 H. J . Sand .9 Hz. NeuAc H-7) 3.63{dd. =
H.J6.7uand 12.5 Hz. NeuAc H-9). 282 (0. 2 H. J 101 Hz, NeuAc HE-5)0 3906 tha. 2 HL
GalNAc H-4). 4.40 (bl H Ser a-H). 4.80 (bt. | H Ser w-Hy 486 (do D HL 40 Hy

GalNAcH-13. 4. 8‘<(u 33 Hz GalNAcH-1) Foaob-mass spectrum (positive fon b
miz 1280 (M + 1,1 s(}” 1\3 + Naj.

0O-]0-/ D—Au tamido-3 S-dideoxy-p-glycero-u-n- ﬂdlddﬁ- ~aonunlopyranasvionic a-

cr‘(/,'ﬂf'._’ﬂé)~.7~-u<'<)muzldn—.m/f oxv-a-D-galactapyranosyl - D3ty 2O-[O- 0 5 qee-

x]

mmi(/wn.ﬁ'-c/ia’cu.\j‘;'-n~gl_\Luo~/,—i)-gdLlc,lu—u—/zmzu/ummmmimm ieded s Dty i Dt
tamido-2-deoxy-2-1 -galac topyeanosyl f - 1— 3 j-L-servi-O =[O~ S~gecranido-3 S-dideo-
vy-D-glveero-x-D-galacto-2-nonulaopvranosylonic deid o~ 2ot e Degectanidos 2
deoxy-z-v-gatactopyranosyl J- 1 — 3 -1 -servl-valine (2. Compound 32(9.0 mg. 2.5
amol) was hydrogenolysed and the crude product was punificd. as described for the
preparation of 1. to afford 2 (3.5 mg). [}, +70 (¢ 0.1 waterr. ' H-Nomr data (DO,
2000 0089(d, 3 H. J 7.0 Hz. Val Me), 090 (d. 3 H. J 6.7 Hz Val Me)., 1.60 (m. 3 H.
NeuAcH-32). 2.02(s.9H. 3 Acy, 2.04 (s, 3H, A¢). 2.05(s. 3L ACy. 206 (s, 3 HL ACL 2 Tl
fm. 3 H. NeuAc H-3/).4.41 (b, t H.Scra-H) (D060 L o468 (bt 1 H, Ser -1 4
(b.1 H.Serx-H).4.88(d. | H./3. 1 Hz. GalNAcH-1). 489 (d. 1 H./ 1.3 H?.(’%aiNr—f\ch
D.4.92¢d. VHLJ 3.4 Hz o GalNAC H-1) Faach-mass spectrum (positive ion): ne - 1861
(M 1), 1883 (M ' +Na).
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