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ABSTRACT

Glycopeptides with T, and T antigen structures that represent the N-terminal tripeptide of asialogly-
cophorin with blood-group M specificity have been synthesized using fluorenylmethoxycarbonyl (Fmoc)
and 2-pyridylethoxycarbonyl (Pyoc) groups for amino protection and the benzyl ester as the carboxyl-
blocking function. The Fmoc and the Pyoc groups could be removed by treatment with the weak base
morpholine under conditions where the base-sensitive O-glycosyl-serine and -threonine linkages were stable.
Ester groups were removed from the carbohydrate moieties with methanolic hydrazine, to give the T, and T
antigen glycopeptides which were coupled to bovine serum albumin (BSA) via a carbodi-imide procedure
and without any spacer groups. The resulting conjugates contained an average of >20 glycopeptides per
protein molecule. They are not microheterogeneous in the carbohydrate part as is commonly found for
glycoproteins isolated from biological sources.

INTRODUCTION

Oligosaccharide side-chains of the glycoproteins on cell surfaces have decisive
functions in intercellular recognition and the regulation of cell growth'. Normal and
tumor cells have different profiles of glycoproteins on their cell membranes®, and those
of tumor membranes may be tumor-associated antigens as has been reported® for
glycoproteins with the Thomsen—Friedensreich antigen structure (T) 2 and its biological
precursor, the T, antigen structure 1.

In continuing our investigations on the selective removal of single functional
groups on polyfunctional glycopeptides®, we have studied glycopeptides with T, and T
antigen structures, since their coupling to carrier proteins could give conjugates for the
induction of antibodies against the tumor-associated antigen structures 1 and 2.
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The O-glycosyl-serine and -threonine bonds, characteristic of T, and T antigen
glycoproteins, are sensitive to acid-catalyzed anomerization or cleavage and base-
catalyzed S-elimination of the carbohydrate moieties.

The selective removal of protecting groups has long been a problem in the
synthesis of glycopeptides5. One of the first methods we developed for this aim involves
the N-terminal fluorenylmethoxycarbonyl (Fmoc) group® in conjunction with the
C-terminal benzyl ester’. This method allows reliable and selective removal of the Fmoc
group, even from sensitive O-glycopeptides, if the reaction is carried out with morpho-
line instead of the more strongly basic piperidine. The latter base is commonly used in
peptide synthesis and was also used by Pavia ef al.®, who independently described the
application of the Fmoc group. We have applied the morpholine procedure in the
synthesis of glycopeptides with the T, and T antigen structure’. At that time, Sinay et
al." had reported a synthesis of the T antigen glycopeptide, using the benzyloxycarbo-
nyl group in conjunction with the zert-butyl ester in order to achieve selective deprotec-
tion. Recently, the selective removal of the Fmoc group with morpholine”® was adopted
by Paulsen ez al.'', who also described syntheses of glycopeptides with T, and T antigen
structures.

RESULTS AND DISCUSSION

Synthesis of a glycopeptide with the T, antigen structure. — Pavia et al® used
benzylated carbohydrates combined with the Fmoc group for amino protection in
syntheses of a glycopeptide with the T, antigen structure. The amino acids were
introduced as activated esters and, thus, selective C- or N-terminal deblocking was
circumvented. In our approach, use is made of the Fmoc group in conjunction with the
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C-terminal benzyl ester in the glycosylation reactions, and the peptide chain is extended
using the 2-(4-pyridyl)ethoxycarbonyl (Pyoc) group'?, which confers solubility and
reactivity. Thus, Fmoc-serine benzyl ester (3) and Fmoc-threonine benzyl ester (4) were
each glycosylated, using the glycosyl donor" §, to give the corresponding a glycosides 6
and 7 as the major products. The accompanying f# anomers were removed by chroma-
tography. The azido functions of 6 and 7 were reduced with sodium borohydride—nickel
chloride™. Subsequent acetylation of the resulting 2-amino compounds with acetic
anhydride in pyridine gave the fully protected T,-antigen structural elements 8 and 9,
respectively.

The Fmoc group was removed selectively from 8 and 9 by treatment with
morpholine. Thus, the basicity of the solution reliably remained below the sensitivity-
level of the O-glycosylic linkage. The amino derivatives 10 and 11, formed in almost
quantitative yields, are relatively unstable, due to their own basic character. Therefore,
the subsequent chain-lengthening reactions have to be carried out immediately and
rapidly. Fmoc-protected carboxy derivatives often react sluggishly. However, the
Pyoc-protected amino acid 12 and peptides 13-15, prepared according to the methods
described', reacted smoothly with 8 and 9 to give the corresponding glycopeptides
16-19 (Table I) in good overall yields. Ethyl 2-ethoxy-1,2-dihydroquinoline-1-carboxy-
late'® (EEDQ) was an effective and mild condensing reagent and, during the coupling
reactions, it was transformed into quinoline which did not affect the base-sensitive
O-glycosylic bonds.

NC}-— CH, ~ CH; =0 — C — Xaa’-Xaa - OH 4-Pyoc-Xaa’-Xaa-Xaa“"-OBzl
il

0

\ v J Aci-a-GalNAc
4-Pyoc
12 Xaa"-Xaa = Ser 16 Xaa-Xaa = Ser, Xaa” = Ser
13 Xaa” = Tyn(OAllyll, Xaa = lle 17  Xaa" = Tyr(OAllyl),Xaa = lle,Xaa" = Ser
14 Xaa” = Thr, Xaa = Ile 18 Xaa" = Thr, Xaa = Ile, Xaa" = Ser
15 Xaa” = Xaa = Ala 19 Xaa = Xaa = Ala, Xaa” = Thr

The Pyoc group has an advantage over the Fmoc group's, in that it is stable
towards hydrogenation. Thus, the Pyoc-glycodipeptide benzyl ester 16 was cleaved
selectively by hydrogenolysis (Pd—C) to give 20, which was condensed (EEDQ) with the
glycosylthreonine ester 11. Due to the influence of the polar Pyoc group, the digtycosy-
lated tripeptide 21 was obtained pure and in high yield. The Pyoc group, which is stable
to acids and bases, was removed selectively from the sensitive glycopeptide 21 by
reaction with methyl iodide in dichloromethane to give the pyridinium form 22 which,
with morpholine in dichloromethane, gave 23. Treatment of 23 with acetic anhydride in
pyridine gave 24 in high overall yield, acetylated at the N-terminus and the termlnal
serine hydroxy group.
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Hydrogenolysis of the benzyl ester group of 24 followed by treatment with
methanolic hydrazine’, which removed the O-acetyl groups, gave 25. G.1.c. of the latter
reaction mixture revealed transesterfication catalysed by the weak base hydrazine (pK,
8.2) rather than hydrazinolysis. Under these mild conditions, the ester groups are
removed from the carbohydrate (and from the terminal serine hydroxy group) without
destroying the sensitive glycopeptide.

The glycopeptide 25 with the T, antigen structure, which was isolated pure
(*C-n.m.r. and f.a.b.-mass-spectral data) in quantitative yield as a hygroscopic solid,

OH_. OH
o

HO
AcNH

Ac — Ser— Ser — Thr — OH

AcNH
HO
o
OH ™ OH

25



212 H. KUNZ, S. BIRNBACH, P. WERNIG

represents the acetylated N-terminal tripeptide of glycophorin with blood-group M-
activity'’.

Synthesis of a flycopeptide with the T antigen structure. — The strategy developed
for the synthesis of 25 was used to construct a glycopeptide 38 with the disaccharide
T-antigen structure’. Thus, the Fmoc-serine benzyl ester 3 and Fmoc-threonine benzyl
ester 4 were each glycosylated with the disaccharide bromide'® 26. From the resulting
af-mixtures, the desired a-glycosyl-serine (27) and -threonine (28) derivatives were
1solated by flash chromatography. Compounds 27 and 28 were each subjected to azide
reduction and then acetylation to give the fully protected T-antigen structural elements
29 and 30, respectively. The Fmoc groups were removed selectively by treatment with
morpholine’, to give 31 and 32, respectively, in high yields. The serine derivative 31 was
condensed immediately with Pyoc-serine (12) to give the glycopeptide 33. Hydrogenoly-
sis of 33 gave 34, which was coupled (EEDQ) with the disaccharide threonine ester 32 to
give 35.

AcO OAc BzO OBz AcQ OAc BzO OBz
0 (o] ) (o]
AcO 0 AcO le]
AcO N3 Br AcO N,
26 Fmoc-Xaa-OBzl
27 Xaa = Ser 71% (wB ratio 5:2)
28 Xaa = Thr 51% (o/p ratio 3 :2)

Acg4-B-Gal- (1 3)-Bzz-a-GalNAc Acq-B-Gal-(1+3)-Bzy-a-GalNAc

Fmoc-Xaa-OBzl H- Xaa-OBzl
29 Xaa = Ser (70%) 31  Xaa = Ser
30 Xaa = Thr (60%) 32 Xaa = Thr
Acy4-8-Gal-(143)-Bzy-0-GalNAc Acg-p-Gal-(143)-Bzy-a-GalNAc
Pyoc-Ser-Ser-OBzl Pyoc-Ser-Ser-OH
33 (51% from 29) 34 (90%)

Acy4-B-Gal-(143)-Bzy-x-GalNAc

Pyoc-Ser-Ser-Thr-QBzl

Acy-B-Gal-(143)-Bzo-a-GalNAc

35 (44%)
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Due to the increased steric demands, the above reactions of the disaccharide
derivatives required prolonged reaction times. Consequently, considerable decomposi-
tion of the free amino compounds 31 and 32 occurred, and the yields of products were
lower than those of the corresponding monosaccharide analogues. Selective removal of
the Pyoc group from 35, by transformation into the methyl pyridinium salt followed by
treatment with morpholine—dichloromethane, gave 36, which was acetylated immedi-
ately to give 37. Hydrogenolysis of the benzyl ester group in 37 and then deacetylation
gave the T antigen glycopetide 38 (76% from 35).

Acy-8-Gal-(1=3)-Bzy-0--GalNAc Ac4-B-Gal-(1+3)-Bzy-a-GalNAc
H-Ser Sclr Thr OBzl Ac-Ser(Ac) Ser — Thr OBzl
Acy-B-Gal-(+3)-Bzy-a-GalNAc Ac-B-Gal-(13)-Bzz-0-GalNAc
36 37

OH oH OH om
o (s}
HO o
OH HNAc
Ac-Ser Ser Thr —— OH

ol HNAc
HO o
0 ")
OH OH on OH

38 (716% from 35)

In the foregoing transformations, neither base-catalyzed f-elimination of the
carbohydrate moieties nor racemization in the peptide moieties were oberserved. The
structure and purity of 38 was demonstrated by '*C-n.m.r. spectroscopy and f.a.b.-mass
spectrometry.

Coupling of the synthetic glycopeptides to bovine serum albumin: preparation of
synthetic T, and T antigens. — The binding of -Gal-(1 —+3)-GalNAc to carrier proteins
has been accomplished by using artificial spacers'®'®. Bovine serum albumin (BSA, mol.
wt. ~ 67 000) contains 59 lysine residues and one terminal amino group. The coupling
with the glycopeptides 25 and 38 can be carried out only in water. Preliminary experi-
ments were performed with the sterically less-demanding glycopeptide 19, which is a
derivative of the repeating unit of the antifreeze glycoproteins of arctic fish®.



214 H. KUNZ, S. BIRNBACH, P. WERNIG

Hydrogenolysis of the benzyl ester group of 19 gave the glycotripeptide derivative
39. Attachment of 39 to BSA was achieved best in water at pH 6 and 4° by using the
1-ethyl-3-(3-dimethylaminopropyl)carbodi-imide hydrochloride in the presence of 1-
hydroxybenzotriazole? for 6 days. The conjugate 40 was purified by dialysis against
water and contained 66 ug of carbohydrate per mg of protein.

4-Pyoc —— Ala~— Ala— Thr — OH 4-PyoC =~— Ala — Ala~== Thr —— NH~ BSA
Ac,-a-GalNAc Acy-aGalNAc
39 40 {66 pg of carbohydrate|mg of protein}
OH OH CH oH OH OH
) fe] o)
HO HO o)
HNAc OH HNAc
Ac — Ser = Ser —= Thr —— NH»~~~ BSA Ac ~— Ser — Ser — Thr NHannvBSA
HNAc OH HNAc
HO HO (o]
0 o (o)
on OH on “OH On OH
41 (130 pg of carbohydrate [mg of protein) 42 (280 Ho of carbohydrate [mg of protein)

Application of the foregoing procedure to the glycopeptides 25 and 38 gave the
conjugates 41 and 42, respectively. Analysis? of the T, antigen 41 revealed 130 ug of
GalNAc.mg ' of protein, corresponding to ~25 molecules of 25 per molecule of
protein. For the more complex structure 38, the reaction time was extended to 14 days,
and the resulting T antigen 42 contained 280 ug of Gal/GalNAc per mg of protein,
corresponding to ~ 38 molecules of 38 per molecule of protein.

Preliminary results® showed that the antibody (IgM) raised against the T antigen
42 reacted with all epithelial tumors tested but also bound in a modified manner to
normal cells of the same tissues.

EXPERIMENTAL

General methods. — N.m.1. spectra were recorded with Jeol JMN 60 (60 MHz,
'H), Bruker WP 80 (20.15 MHz, *C), WP 90 (90 MHz, 'H; 22.63 MHz, *C), and AM
400 (400 MHz, 1H; 100.6 MHz "C) spectrometers. L.r. spectra were recorded with a
Beckman Acculab-2 instrument and optical rotations with a Perkin—Elmer Polarimeter
241. All melting points are uncorrected. T.l.c. was carried out on Silica Gel 60F,;,
{(Merck) and detection with u.v. light, 0.3% ninhydrin in methanol-acetic acid (97:3), or
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0.1% dihydroxynaphthalene in ethanol-M H,S8O, (1:1) and heating. Column chroma-
tography was performed with Silica Gel 63-200 (0.063-0.200 mm) (Woelm). Flash
chromatography was carried out with Silica Gel MN-60 (0.04-0.063) (Machery Nagel).
N-(9-Fluorenylmethoxycarbonyl)serine benzyl ester’ (3), N-(9-fluorenylmethoxycar-
bonyl)threonine benzyl ester’ (4), 3,4,6-tri-O-acetyl-2-azido-2-deoxy-#-p-galactopyra-
nosyl chloride® (5), 2-azido-4,6-di-O-benzoyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl-g-
p-galactopyranosyl)-a-D-galactopyranosyl bromide'® (26), and 2-(4-pyridyl)ethoxycar-
bonylserine'? (12) were obtained as reported. The 2-(4-pyridyl)ethoxycarbonyl-dipep-
tides 13-15 were synthesized from the corresponding esters by analogy with the method
described'?.

N-[2-(4-Pyridyl)ethoxycarbonyl ]-dipeptide tert-butyl esters or benzyl esters. —
To a solution of 3 mmol of 2-(4-pyridyl)ethoxycarbonyl amino acid'? and amino acid
tert-butyl ester or benzyl ester, respectively, in N,N-dimethylformamide (20 mL) was
added ethyl 2-ethoxy-1,2-dihydroquinoline-1-carboxylate (EEDQ, 3.3 mmol). The
mixture was stirred for 4 days at room temperature, the solvent was evaporated in vacuo,
and a solution of the oily residue in dichloromethane (150 mL) was washed with water (3
x 50 mL)}, dried (MgSO,), and concentrated to dryness. Flash chromatography of the
residue on silica gel (100 g) with light petroleum—acetone mixtures gave the analytically
pure Pyoc-dipeptide esters.

Common n.m.r. characteristics (CDCL,): 'H (60 MHz), § 8.5 (d, 2 H, J 4 Hz,
pyridine a-H), 7.2 (d, 2 H, J 5 Hz, pyridine -H), 6.5 (d, 1 H, J 7 Hz, amide NH), 5.45(d,
1 H, J 7 Hz, urethane NH), 4.25 (t, 2 H, J 6 Hz, CH,0), 3.05 (t, 2 H, J 6 Hz,
CH,-pyridine), 1.35 (s, 9 H, 'Bu) or 5.15 (s, 2 H, CH,Ph).

N-[2-(4-PyridyDethoxycarbonyl]-L-(O-allyl)tyrosyl-L-isoleucine tert-butyl ester
(91%), amorphous solid, [a]?* +19° (¢ 1, chloroform).

Anal. Calc. for C,)H,,N,O,: C, 66.77; H, 7.66; N, 7.79. Found: C, 66.66; H, 7.58,;
N, 7.82.

N-[2-(4-Pyridyl)ethoxycarbonyl}-L-threonyl-L-isoleucine tert-butyl ester (75%),
amorphous solid, [a]?2 +16° (¢ 1, chloroform).

Anal. Calc. for C,,H ;N,O,: C, 60.39; H, 8.06; N, 9.60. Found: C, 60.34; H, 8.16;
N, 9.80.

N-[2-(4-Pyridyl)ethoxycarbonyl}-L-alanyl-L-alanine benzyl ester (61%), m.p.
112°, [a]? —14° (¢ 1, chloroform).

Anal. Calc. for C,,H,,N,0,: C, 63.15; H, 6.31; N, 10.52. Found: C, 62.92; H, 6.17;
N, 10.46.

N-[2-(4-Pyridyl ) ethoxycarbonyl ]-dipeptide trifluoroacetates: selective acidolysis
of tert-butyl esters. — A solution of 4-Pyoc-dipeptide fert-butyl ester (1 mmol) in
trifluoroacetic acid (5 mL) was stirred for 30 min, then concentrated in vacuo, to give the
trifluoroacetate salts of 13 and 14 as amorphous solids. Their n.m.r. spectra are similar
to those of the corresponding rert-butyl esters, except for the absence of the signal for
‘Bu.

N-[2-(4-Pyridyl)ethoxycarbonyl]-L-(O-allyD)tyrosyl-L-isoleucine trifluoroacetate
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(13, quantitative), [a]Z +5.4° (¢ 1, methanol).

Anal. Calc. for C,iH,,F,N,0,: C, 54.63; H, 5.89; N, 6.83. Found: C, 54.39; H, 5.89;
N, 6.97.

N-[2-(4-Pyridyl)ethoxycarbonyl]-L-threonyl-L-isoleucine trifluoroacetate (14,
71% after chromatography on 40 g of silica gel with acetone), [a]? +1.6° (¢ 1,
chloroform).

Anal. Cale. for C;jH,,N,O,-2/3CF,COOH: C, 50.76; H, 6.10; N, 9.19. Found: C,
50.73; H, 6.28; N, 9.15.

N-(9-Fluorenylmethoxycarbonyl)-O-( 3,4,6-tri-O-acetyl-2-azido-2-deoxy-a-D-ga-
lactopyranosyl)-L-B-hydroxyamino acid benzyl ester. — A solution of Fmoc-hydroxya-
mino acid benzyl ester’ (3 or 4, 10.5 mmol) in toluene (30 mL) and dichloromethane (50
mL) was stirred for 30 min at — 5° under argon in the dark with silver carbonate (3.5 g),
Dricerite (9 g), and molecular sieves type 4A (9 g). Silver perchlorate (0.35 g) in toluene
(15 mL) was added and, after 20 min, a solution of 5 (ref. 24) (3.5 g, 10 mmol) in
toluene—dichloromethane (1:1, 90 mL) was added slowly. The mixture was stirred for 20
h at room temperature, diluted with dichloromethane (50 mL), filtered with Hyflo-Cel,
and washed with saturated aqueous NaHCO, (2 x 100 mL) and water (2 x 100 mL),
dried (MgSO,), and concentrated in vacuo. Further purification was performed by flash
chromatography on 150 g of silica gel, using light petroleum—ethyl acetate (2:1).

N-(9-Fluorenylmethoxycarbonyl)-0-(3,4,6-tri-O-acetyl-2-azido-2-deoxy-a-D-
galactopyranosyl)-L-serine benzyl ester (6; 4.45 g, 65%), amorphous solid, [¢]?* + 86.5°
(¢ 1, chloroform). N.m.r. data (CDCl,): 'H (90 MHz): 6 7.92-7.17 (m, 13 H, aromatic
H),5.97(d,1H, /8 Hz, NH), 4.86 (d, 1 H, J, , 3.5 Hz, H-1), 3.56 (dd, 1 H, J,510.9 Hz,
H-2); ®C (20.15 MHz), § 169.84-168.99 (4 s, 4 C=0), 155.5 (urethane), 98.77 (C-1),
61.42 (C-6), 57.04 (C-2), 54.22 (Ser a-CH), 46.66 (fluorenyl C-9).

Anal. Calc. for C;;H;{N,O,,: C, 60.82; H, 5.24; N, 7.67. Found: C, 60.75; H, 5.07;
N, 7.49.

B Anomer (0.9 g, 9%), amorphous, [a)? —7.1° (¢ 1, chloroform). *C-N.m.r. data
(100.6 MHz, CDCL,): 6 170.28-169.32 (4 s, 4 C=0), 155.91 (urethane), 102.31 (C-1),
61.05 (C-6), 60.72 (C-2), 54.19 (Ser a-CH), 46.99 (fluorenyl C-9).

Anal. Found: C, 60.75; H, 5.21; N, 7.94.

N-(9-Fluorenylmethoxycarbonyl)-O-(3,4,6-tri-O-acetyl-2-azido-2-deoxy-a-D-
galactopyranosyl)-L-threonine benzyl ester (7; 4.6 g, 60%), amorphous, (@] +63° (¢ 1,
chloroform). N.m.r. data (CDCL,): 'H (400 MHz), § 7.79-7.24 (m, 13 H, aromatic H),
5.42(d, 1 H,J,,2.7Hz,H-4),4.88(d, 1 H, J,, 3.6 Hz, H-1), 3.57(dd, 1 H, J, ; 11.4 Hz,
H-2), 1.32(d, 3 H, J 6.0 Hz, Thr CH,); “C (100.6 MHz), § 170.24-169.74 (45,4 C=0),
156.79 (urethane), 99.13 (C-1), 76.70 (Thr -C), 58.80-57.81 (C-2, Thr a-C), 47.16
(fluorenyl C-9), 18.53 (Thr CH,).

Awnal. Calc. for C,;H,,)N,O,,: C, 61.28; H, 5.41; N, 7.52. Found: C, 61.10; H, 5.46;
N, 7.41.

£ Anomer (0.3 g, 4%), amorphous, [@]2? — 14° (¢ 1, chloroform). "C-N.m.r. data
(100.6 MHz): 6 170.27-169.98 (4 5, 4 C=0), 156.68 (urethane), 100.00 (C-1), 75.10 (Thr
B-C), 60.71 (C-2), 58.40 (Thr a-C), 47.10 (fluorenyl C-9), 16.88 (Thr CH,).
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Anal. Found: C, 61.45; H, 5.59; N, 7.62.

Glycosylation of 3 and 4 with 26. — A solution of 3 or 4 (1.73 mmol) in toluene (10
mL) and dichloromethane (15 mL) was stirred under argon at room temperature in the
dark with silver carbonate (0.52 g) and molecular sieves type 4A (2 g). After 1 h, a
solution of silver perchlorate (52 mg) in toluene (5mL) was added and, after 20 min, a
solution of 2-azido-4,6-di-O-benzoyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl-f-D-galacto-
pyranosyl)-a-D-galactopyranosyl bromide® (26; 1.4 g, 1.73 mmol) in toluene—dichloro-
methane (1:1, 30 mL) was added. The mixture was stirred for 24 h, diluted with
dichloromethane (70 mL), filtered with Hyflo-Cel, washed with saturated aqueous
NaHCO, (2 x 50 mL) and water (2 x 50 mL), dried MgSO,), and concentrated in
vacuo. Flash chromatography of the residue on 100 g of silica gel gave the following
products.

0-2-Azido-4,6-di-O-benzoyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl-f-p-galacto-
pyranosyl)-a-p-galactopyranosyl}- N-9-fluorenylmethoxycarbonyl)-L-serine benzyl es-
ter (27, 51%), amorphous, [a]?* +64° (c 1, chloroform). N.m.r. data (CDCL,): 'H (400
MHz): 4 8.10-7.20 (m, 23 H, aromatic H), 5.89 (d, 1 H, /8.2 Hz, NH), 5.72(d,  H, J;,
3.3Hgz, H-4),5.27(d, 1H, Jy 4, 3.1 Hz, H-4'), 5.22 (5,2 H, CH,Ph), 5.08 (dd, 1 H, J,.,. 7.8,
Jyy10.4Hz, H-2"),4.94(dd, 1 H,H-3"),4.91(d, 1 H, J, ,3.5Hz, H-1),4.68 (d, 1 H, H-1"),
3.71(dd, 1 H, J,,10.7 Hz, H-2); “C (100.6 MHz), & 170.28-169.25 (5 s, C=0), 166.07,
165.51 (benzoyl C=0), 155.83 (urethane), 101.46 (C-1'), 99.07 (C-1), 54.47 (Ser a-C).

Anal. Calc. for C,.H,N,O,H,0: C, 61.03; H, 5.21; N, 4.83. Found: C, 61.33; H,
5.23; N, 4.53.

£ Anomer (20%), amorphous, [af? + 12° (¢ 1, chloroform). N.m.r. data (CDCl,):
'H (400 MHz), § 5.64 (d, 1 H, J,, 3.5 Hz, H-4), 5.28 (dd, 1 H, J; , 3.3, Jy5 1.0 Hz, H-4),
4.69 (d, 1 H, J,, 7.7 Hz, H-1"), 4.62 (dt, |1 H, J 8.2 Hz, Ser a-CH), 4.47-4.25 [m, 5 H,
H-6b, CHCH, (Fmoc), H-1]; *C (100.6 MHz), 6 156.0 (urethane), 102.43 (C-1'), 101.57
(C-1), 54.29 (Ser a-C).

Anal. Found: C; 61.01; H; 5.18; N, 4.72.

0-[2-Azido-4,6-di-O-benzoyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl--pD-galacto-
pyranosyl)-a-D-galactopyranosyl]-N-(9-fluorenylmethoxycarbonyl)-L-threonine ben-
zyl ester (28, 30%), amorphous, [a]? + 55° (¢ 1, chloroform). N.m.r. data (CDCL,): 'H
(400 MHz), 6 8.10-7.18 (m, 23 H, aromatic H), 5.78 (dd, 1 H, J,, 3.3, J, ;0.9 Hz, H-4),
5.65(d, 1 H,J9.3Hz, NH), 5.28(dd, | H, J, , 3.4, J, ;0.8 Hz, H-4),4.88 (d, 1 H,J,,3.6
Hz,H-1),4.75(d, 1H, J,, 7.5Hz,H-1'),1.26 (d,3H, J 6 Hz, Thr CH,); >C (100.6 MHz),
0 170.37-169.34 (4s, C=0), 166.18, 165.60 (C=0, benzoyl), 156.76 (urethane), 101.59
(C-1'), 99.34 (C-1), 18.66 (Thr CH,).

Anal. Calc. for C,H )N,0,,'1.5 H,0: C, 60.85; H, 5.36; N, 4.73, Found: C, 60.92;
H, 5.14; N, 4.86.

B Anomer (21%), amorphous, [a]?? +30° (c 1, chloroform). N.m.r. data (CDCL,):
'H (400 MHz),45.61(d, 1 H, J,43.4Hz,H-4),5.28(d,H, J, ,3.3Hz, H-4'),4.70(d, 1 H,
Ji»7.7Hz, H-1), 3.74 (dd, 1 H, J,, 8.0, J,; 10.2 Hz, H-2), 1.33 (d, 3 H, J 5.4 Hz, Thr
CH,); “C (100.6 MHz), 6 101.62 (C-1), 99.84 (C-1), 16.46 (Thr CH,).
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Anal. Calc. for C,H,N,0,,2H,0: C, 60.40; H, 5.41; N, 4.70. Found: C, 60.14; H,
5.33; N, 4.75.

Reduction and acetylation of 6,7, 27 and 28. — To a solution of NiCl,'6H,0 (2.4
g), boric acid (1.2 g), and 1.2 mmol of 6, 7, 27, or 28 in ethanol (60 mL) was added a
suspension of sodium borohydride (122 mg, 3.23 mmol) in ethanol (10 mL) under
argon. Each mixture was stirred until the starting material had completely disappeared
(t.l.c., light petroleum—ethyl acetate mixtures). The solvent was distilled off in vacuo, the
residue was stirred with pyridine (10 mL) and acetic anhydride (2 mL) for 2 h, and then
the mixture was concentrated in vacuo. Toluene (2 x 10 mL) was distilled in vacuo from
the residue, a solution of which in dichloromethane (50 mL) was extracted with aqueous
3% KHSO, (50 mL) and water (2 x 50 mL), dried (MgSO,), and concentrated in vacuo.
The residue was purified by flash chromatography with light petroleum-acetone (2:1).

0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-a-p-galactopyranosyl)- N-(9-flu-
orenylmethoxycarbonyl)-L-serine benzyl ester (8, 86%), amorphous, [a)? +60° (¢ 1,
chloroform). N.m.r. data (CDCl,): 'H (90 MHz), 6 5.86 (d, 1 H, 78 Hz, NH), 5.60 (d, 1
H,J9Hz,NHACc),4.76 (d, 1 H, J, , 3.2 Hz, H-1); °C (22.63 MHz), 6 170.32-169.80 (4 s,
5 C=0), 155.76 (urethane), 99.09 (C-1), 54.51 (Ser a-C), 23.05 (CH,CONH).

Anal. Calc. for C;,;H,,N,0,,-H,0: C, 61.25; H, 5.80; N, 3.66. Found: C, 61.45; H,
5.84; N, 3.55.

0-(2-Acetamido-3,4,6-tri-O-acetyl-2-deoxy-a-D-galactopyranosyl)- N-(9-flu-
orenylmethoxycarbonyl-L-threonine benzyl ester (9, 85%), amorphous, [a] > +50° (¢ 1,
chloroform). N.m.r. data (CDCL,): 'H (400 MHz), § 5.82(d, 1 H, 79.8 Hz, AcNH), 5.68
(d,1H,J9.7Hz, Thr NH), 542(d, 1 H, J,,2.7Hz, H-4),4.78 (d, 1 H, J, , 3.7 Hz, H-1),
4.51 (ddd, 1 H, J,5 12.5 Hz, H-2); *C (20.15 MHz), J 156.39 (urethane), 99.74 (C-1),
76.67 (Thr -C), 58.67 (Thr a-C), 23.03 (CH,CONH), 18.18 (Thr CH,).

Anal. Calc. for C,;H,,N,0,,: C, 63.15; H, 5.83; N, 3.68. Found: C, 63.03; H, 6.03;
N, 3.84.

O-[2-Acetamido-4,6-di-O-benzoyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl-f-D-ga-
lactopyranosyl)-a-D-galactopyranosyl}- N-(9-fluorenylmethoxycarbonyl)-L-serine ben-
zyl ester (29, 70%), amorphous, [a] 2 53° (¢ 1, chloroform). N.m.r. data (CDCL,): 'H (400
MHz), 55.85(d, 1 H,J7.9 Hz, AcNH), 5.79(d, 1 H, J 7.8 Hz, Ser NH), 5.65(d, 1 H, J,
2.9Hz, H-4),5.30(d, 1H, J,, 3.4 Hz, H-4),5.00(d, 1 H, J,, 3.2 Hz, H-1),4.92(dd, ] H,
Jyy 102 Hz, H-3"); °C (100.6 MHz), § 170.29-169.40 (5 s, C=0), 166.08, 165.75
(benzoyl C=0), 155.81 (urethane), 100.18 (C-1"), 98.72 (C-1), 54.57 (Ser a-C), 49.22
(C-2), 23.14 (CH,CONH).

Anal. Cale. for C; H,N,0,,-H,0: C, 62.24; H, 5.48; N, 2.38. Found: C, 62.55; H,
5.55; N, 2.18.

O-[2-Acetamido-4,6-di-O-benzoyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl-p-D-ga-
lactopyranosyl)-a-D-galactopyranosyl}-N-(9-fluorenylmethoxycarbonyl)-L-threonine
benzyl ester (30, 60%), amorphous, [a]Z +63° (¢ 1, chloroform). N.m.r. data (CDCl,):
H (400 MHz), 6 5.95(d, 1 H, J9 Hz, AcNH), 5.69(d, 1H, J;,3.0 Hz, H-4),5.64 (d, 1 H,
J 10 Hz, Thr NH), 5.30 (d, | H, J, , 3.0 Hz, H-4'), 1.23 (d, 3 H, J 6 Hz, Thr CH,); BC
(100.6 MHz), § 170.63-169.2 (6 s, C=0), 166.12, 165.85 (benzoyl C=0), 156.40
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(urethane), 100.38 (C-1), 99.90 (C-1), 73.37 (Thr 8-C), 58.65 (Thr a-C), 49.16 (C-2),
23.21 (CH,CONH), 18.44 (Thr CH,).

Anal. Calc. for C,H(,N,0,,-2.5H,0: C, 61.13; H, 5.71; N, 2.30. Found: C, 61.08;
H, 5.73; N, 2.43.

Selective removal of the Fmoc group from8,9,29, and 30, and peptide condensation
with EEDQ. — A solution of 8,9, 29, or 30 (0.5 mmol) in morpholine (5 mL) was stirred
at room temperature for 30 min, then concentrated in vacuo. Ether (10 mL) was distilled
from the residual N-terminal deblocked derivative (10, 11, 31, or 32), a solution of which
in dichloromethane (100 mL) was washed with aqueous 5% NaCl (4 x 50 mL), dried
(MgSO,), and concentrated in vacuo. Each crude amino-deblocked compound was not
purified further but used for the N-terminal chain extension,

To a solution of each crude product in dichloromethane (30 mL) was added 0.5
mmol of 12, 13, 14, 15, 20, or 34. The trifluoroacetate salts of 13 and 14 were used
together with equimolar quantities of triethylamine. For the preparation of 15, see
below. If necessary, a few drops of methanol were added to give a clear solution. At0°, a
solution of ethyl 2-ethoxy-1,2-dihydroquinoline-1-carboxylate (EEDQ; 135 mg, 0.55
mmol) in dichloromethane was added, and each mixture was stirred for 3 days. For the
disaccharide derivatives, the reaction time was 7-10 days. Dichloromethane (100 mL)
was added and each solution was extracted with aqueous 5% NaCl (3 x 50 mL), dried
(MgSO,), and concentrated in vacuo. Further purification was carried out by flash
chromatography.

N-[2-(4-Pyridyl)ethoxycarbonyl]-L-seryl-O-(2-acetamido-3,4,6-tri-O-acetyl-2-
deoxy-a-D-galactopyranosyl)-L-serine benzyl ester (16); eluent, light petroleum-ace-
tone (1:1) > acetone. For the yield and analytical data, see Table I. N.m.r. data (CDCl,):
'H (400 MHz), 68.46 (d, 2 H, J 5 Hz, pyridine a-H), 7.13 (d, 2 H, pyridine 8-H), 5.90 (d, 1
H, J 8 Hz, urethane), 4.74 (d, 1 H, J, , 3.4 Hz, H-1),4.46 (m, 1 H, H-2),2.90(t,2H,J 6
Hz, CH,-pyridine); *C (100.6 MHz),  149.71 (pyridine C-2,6), 147.08 (pyridine C-4),
124.28 (pyridine C-3,5), 98.34 (C-1), 47.64 (C-2), 34.65 (pyridine a-CH,).

O-Allyl-N-[2-(4-pyridyl)ethoxycarbonyl]-L-tyrosyl-L-isoleucyl-O-(2-acetamido-
3,4,6-tri-O-acetyl-2-deoxy-a-D-galactopyranosyl)-L-serine benzyl ester (17); eluent,
light petroleum-acetone (1:1—1:2). For the yield and analytical data, see Table 1.
N.m.r. data (CDCl,): 'H (90 MHz): § 8.65-8.40 (m, 2 H, pyridine a-H), 6.1 (m, 1 H,
CH,=CH-),4.79(d, 1 H, J,, 3.5 Hz, H-1); ’C (22.63 MHz), 6 157.71, 156.02 (urethane,
Tyr p-C), 149.52 (pyridine C-2,6), 133.15 (CH = CH,), 98.38 (C-1), 58.28 (Ile a-C), 56.39
(Tyr a-C), 52.75 (Ser a-C), 15.38, 10.84 (Ile CH,).

N-[2-(4-Pyridyl)ethoxycarbonyl}-L-threonyl-L-isoleucyl-O-(2-acetamido-3,4,6-
tri-O-acetyl-2-deoxy-a-D-galactopyranosyl)-L-serine benzyl ester (18); eluent, light pet-
roleum—acetone (1:2—acetone).For the yield and analytical data, see Table I. N.m.r.
data (CDCL,): 'H (400 MHz), 6 8.47 (d, 2 H, J 6 Hz, pyridine, a-H), 5.28 (d, 1 H, J; 3.2
Hz, H-4),4.73(d, 1 H, J,,3.0Hz, H-1),4.51 (ddd, 1 H, J,, 12.5 Hz, Jo vy 9-7 Hz, H-2),
1.17(d, 3H, J6 Hz, Thr CH,), 0.90 (d, 3 H, /8 Hz, Ile CHCH,), 0.85 (t,3H, J7 Hz, Ile
CH,CH,); *C (20.15 MHz), 6 156.18 (urethane), 149.47 (pyridine C-2,6), 98.23 (C-1),
77.13 (Thr g-C), 58.32 (Thr and Ile a-C), 52.49 (Ser a-C), 17.96 (Thr CH,), 15.44, 10.99
(Ile CH,).
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N-[2-(4-Pyridyl)ethoxycarbonyl]-L-threonyl-L-isoleucyl-O-(2-acetamido-3,4,6-
tri-O-acetyl-2-deoxy-a-D-galactopyranosyl)-L-serine benzyl ester (18); eluent, light pet-
roleum—acetone (1:2—acetone).For the yield and analytical data, see Table I. N.m.r.
data (CDC,): 'H (400 MHz), § 8.47 (d, 2 H, J 6 Hz, pyridine, ¢-H), 5.28 (d, 1 H, J343.2
Hz, H-4),4.73(d, 1 H, J, , 3.0 Hz, H-1), 4.51 (ddd, 1 H, J,; 12.5 Hz, Jy g 9.7 Hz, H-2),
1.17(d,3H, J6 Hz, Thr CH,), 0.90 (d, 3 H, 78 Hz, Ile CHCH,), 0.85 (t, 3H, J 7 Hz, Ile
CH,CH,); "C (20.15 MHz), § 156.18 (urethane), 149.47 (pyridine C-2,6), 98.23 (C-1),
77.13 (Thr p-C), 58.32 (Thr and Ile a-C), 52.49 (Ser a-C), 17.96 (Thr CH,), 15.44, 10.99
(Ile CH,).

N-[2-(4-Pyridyl)ethoxycarbonyl]-L-alanyl-L-alanyl-O-(2-acetamido-3,4,6-tri-O-
acetyl-2-deoxy-a-D-galactopyranosyl)-L-threonine benzyl ester (19); eluent, light pet-
roleum—acetone (1:2). For the yield and analytical data, see Table I. N.m.r. data
(CDCL,): 'H (400 MHz):  8.46 (d, 2 H, J 5 Hz, pyridine a-H), 5.30 (dd, 1 H, J, , 3.4 Hz,
Jus 1.2 Hz, H-4),4.69 (d, 1 H, J, , 3.6 Hz, H-1), 1.4-1.1 (m, 9 H, Thr and Ala CH,); °C
(100.6 MHz), 6 156.03 (urethane), 149.66 (pyridine C-2,6), 98.52 (C-1),47.3(C-2),19.11
(Thr CH,), 15.55 (Ala CH,).

N-[2-(4-Pyridyl)ethoxycarbonyl]-L-seryl-O-(2-acetamido-3,4,6-tri-O-acetyl-2-
deoxy-a-D-galactopyranosyl)-L-seryl-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-a-D-
galactopyranosyl)-L-threonine benzyl ester (21, 81 %), obtained from 20 (see below) and
11 [reaction time, 5 days; eluent, light petroleum—acetone 2:1 »acetone]; amorphous,
[@]?* 4 68° (c 1, chloroform). N.m.r. data (CDCl,): 'H (400 MHz), §8.46 (d, 2 H, J 5 Hz,
pyridine a-H), 7.77 (d, 1 H, J9 Hz, Thr NH), 7.45(d, 1 H, /9 Hz, Ser-CHO NH), 6.42,
6.37(2d,2H,J9Hz, 2 AcNH), 6.00 (d, 1 H, J9 Hz, urethane), 4.91[d, 1 H, J,, 3.6 Hz,
H-1 (Ser)}, 4.74[d, 1 H, J, , 3.6 Hz, H-1(Thr)}, 1.20 (d, 3 H, J 5 Hz, Thr CH,); *C (100.6
MHz),  156.18 (urethane), 149.76 (pyridine C-2,6), 99.57,98.51 (2 C-1), 47.76,47.73 (2
C-2), 56.79, 56.02, 53.37 (Thr a-C, 2 Ser ¢-C), 18.72 (Thr CH,).

Anal. Calc. for C,3H,,N:O,5,2.5H,0: C, 51.50; H, 6.11; N, 6.79. Found: C, 51.51;
H, 6.14; N, 6.52.

N-[2-(4-Pyridyl)ethoxycarbonyl]-L-seryl-O-[2-acetamid0-4,6-di-O-benzoyl-2-
deoxy-3-0-(2,3,4,6-tetra-0O-acetyl-§-pD-galactopyranosyl)-a-D-galactopyranosyl]-1-se-
ryl-O-[2-acetamido-4,6-di-O-benzoyl-2-deoxy-3-0-(2,3,4,6-tetra-O-acetyl-f-D-galac-
topyranosyl)-a-D-galactopyranosyl]-L-threonine benzyl ester (35, 44%), obtained from
34 (see below) and 32 [reaction time, 12 days; eluent, dichloromethane-methanol
(10:1)], amorphous, [a]Z* +56° (¢ 1, chloroform), R, 0.36 (CH,Cl,-MeOH, 10:1).
According to its 400-MHz 'H-n.m.r. and 100.6-MHz C-n.m.r. spectra, 35 was accom-
panied by derivatives having less than four Q-acetyl groups in the two terminal
galactosyl units. The compound was identified via its completely deprotected derivative
38 (see below).

Hydrogenolysis of the benzyl ester groups from N-{4-Pyoc ) peptides and glycopep-
tides. — The compounds 4-Pyoc-Ala—Ala-OBzl (see above, 2.45 mmol in 20 mL of
methanol), 16 (0.9 mmol in 20 mL of methanol), 33 (0.3 mmol in 10 mL of methanol),
and 19 (0.22 mmol in 5 mL of methanol) were each hydrogenolysed at atmospheric
pressure over 5% Pd/C for 15 h. If precipitates were formed, they were dissolved by the
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addition of methanol. The catalyst was removed, and the filtrate was concentrated in
vacuo.

N-[2-(4-Pyridyl)ethoxycarbonyl]-L-alanyl-L-alanine (15, 95%), m.p. 153°, [a}Z -
+21° (¢ 1, methanol). N.m.r. data (CDCL,/CD,0OD): 'H (90 MHz), 6 8.48-8.39 (m, 2 H,
pyridine a-H), 7.3 (d, 2 H, J 5.9 Hz, pyridine -H), 2.99 (t, 2 H, J 6.5 Hz, pyridine CH,),
1.42(d, 3H, J7.0 Hz, Ala CH,), 1.35(d, 3 H, J 6.8 Hz, Ala CH,).

Anal. Calc. for C,;H,,N,O,: C, 54.36; H, 6.19; N, 13.95. Found: C, 54.28; H, 6.03;
N, 13.72.

N-[2-(4-Pyridyl)ethoxycarbonyl]-L-seryl-O-(2-acetamido-3,4,6-tri-O-acetyl-2-
deoxy-a-D-galactopyranosyl)-L-serine (20, quantitative), amorphous, [a] +88° (¢ 0.5,
chloroform). N.m.r. data [(CD,),SO]J: 'H (400 MHz), 6 8.48 (d, 2 H, J 5 Hz, pyridine
a-H), 8.13,7.73,7.17each (d, 1 H, /8 Hz, NH), 5.30(d, 1 H, J, , 2.7 Hz, H-4),4.99 (dd, 1
H,J,,11.7Hz,H-3),4.84(d, 1 H, J, ,3.4Hz,H-1),2.90(t,2 H, J 6 Hz, pyridine CH,); °C
(100.6 MHz),  155.82 (urethane), 148.66 (pyridine C-2,6), 97.37 (C-1), 56.99, 52.01 (2
Ser a-C), 46.97 (C-2).

Anal. Calc. for CyH, N, O,-1.5H,0: C, 48.21; H, 5.92; N, 8.03. Found: C, 48.42;
H, 5.85; N, 7.86.

N-[2-(4-Pyridyl)ethoxycarbonyl}-L-seryl-O-[2-acetamido-4,6-di-O-benzoyl-2-
deoxy-3-0-(2,3,4,6-tetra-O-acetyl-f-D-galactopyranosyl)-a-D-galactopyranosyl}-L-se-
rine (34, 90%); purified by elution from a short column of 10 g of silica gel with
dichloromethane—methanol (10:1)—methanol; amorphous, [a]?*> +70° (c 1.5, metha-
nol). N.m.r. data (CD,0D): 'H (400 MHz), § 8.45 (d, 2 H, J 5 Hz, pyridine a-H), 5.82 (d,
1 H,J,,3Hz, H-4),5.32(d, | H, J, , 3.2 Hz, H-4); °C (100.6 MHz), § 173.36-171.02 (6
s, C=0), 167.83, 167.79 (benzoyl C=0), 158.20 (urethane), 149.89 (pyridine C-2,6),
102.63 (C-1),99.35(C-1), 58.42, 55.59 (2 Ser ¢-C), 50.55 (C-2), 35.63 (pyridine a-CH,).

Anal. Calc. for C,H,N,0,;,-3H,0: C, 52.82; H, 5.67; N, 4.93. Found: C, 52.46; H,
5.50; N, 4.88.

N-[2-(4-PyridyDethoxycarbonyl]-L-alanyl-L-alanyl-O-(2-acetamido-3,4,6-tri-O-
acetyl-2-deoxy-a-D-galactopyranosyl)-L-threonine (39, quantitative), amorphous, [a}?
+53° (¢ 0.6, methanol). N.m.r. data (CD,OD): 'H (400 MHz), 5 8.50(d, 2 H, J4.2 Hz,
pyridine a-H), 5.43(d, 1 H, J, ;3.1 Hz, H-4),5.02(d, 1 H, J,,3.7Hz, H-1), 1.44,1.37 (2d,
3 H, J7.2 Hz, Ala CH,), 1.30 (d, 3 H, J 6.4 Hz, Thr CH,); “C (100.6 MHz), ¢ 158.01
(urethane), 149.7 (pyridine C-2,6), 100.51 (C-1), 77.55 (Thr g-C), 19.18 (Thr CH,),
18.48, 17.30 (Ala CH,).

Anal. Calc. for C,H,sN,O,: C, 50.72; H, 6.25; N, 9.24. Found: C, 51.04; H, 6.26;
N, 8.97.

Removal of the 4-Pyoc-group via transformation into the methylpyridinium form
and immediate N-acetylation. — A solution of 21 (200 mg, 0.17 mmol) in dry dichloro-
methane (5 mL) was treated with methyl iodide (0.5 mL) for 12 h at room temperature,
then concentrated in vacuo. A solution of the residual methoiodide 22 in dichloro-
methane (5 mL) and morpholine (1 mL) was kept for 1 h. T.l.c. (CHCl;-MeOH, 10:1)
then revealed 23, R, 0.21. The mixture was diluted with dichloromethane (50 mL) and
extracted with water (5 x 50 mL), dried (MgSO,), and concentrated in vacuo. To a
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solution of crude 23 in dichloromethane (5 mL) at 0° were added acetic anhydride (3
mL) and pyridine (4 mL). After 12 h at room temperature, the volatile components were
evaporated in vacuo. Toluene (3 x 10 mL) was distilled from the residue. Column
chromatography on 60 g of silica gel with dichloroethane-methanol (20:1) then gave
N,O-diacetyl-L-seryl-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-a-D-galactopyrano-
syl)-L-seryl-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-a-D-galactopyranosyl)-L-
threonine benzyl ester (24), isolated as an amorphous solide (140 mg, 74%), [a]? 4+ 63° (¢
0.7, chloroform). N.m.r. data (CDCl,): 6 7.75(d, 1 H, J9 Hz, Thr NH), 7.69(d, 1 H,J 7
Hz, Ser-CHO NH), 7.07 (d, 1 H, J 7 Hz, Ser NH), 6.93and 6.45 (2d, H, J9 Hz, AcNH),
492(d,1H,J,,3.5Hz, H-1 (Ser)], 4.75[d, 1 H, J, , 3.8 Hz, H-1 (Thr)}, 1.23(d, 3H, J 6
Hz, Thr CH,); ®C (100.6 MHz), § 171.55-169.67 (11 s, C=0), 134.57 [ipso-C (Bzl)],
99.27,98.66 (2 C-1), 75.56 (Thr -C), 56.66, 53.45, 53.16 (Thr, 2 Ser a-C), 47.65,47.60 (2
C-2), 19.03 (Thr CH,).

Anal. Calc. for C,;H;N,O,5: C, 50.64; H, 6.16; N, 6.03. Found: C, 50.61; H, 6.00;
N, 5.94.

Hydrogenolysis of the benzyl ester and removal of the ester protecting groups of 24
by treatment with hydrazine-methanol. — A solution of 24 (120 mg, 0.106 mmol) in
methanol (10 mL) was hydrogenolysed over 5% Pd/C for 18 h. The catalyst was
collected and washed with 20 mL of methanol, and the combined filtrate and washings
were concentrated in vacuo. A solution of the residue in methanol (5 mL) and hydrazine
hydrate (100%, 1 mL) was stirred for 1 h, then cooled to 0°, and acetone (20 mL) was
added dropwise. The mixture was concentrated in vacuo and a solution of the residue in
methanol (1 mL) was diluted with ethyl acetate to give N-acetyl-L-seryl-O-(2-acetami-
do-2-deoxy-a-D-galactopyranosyl)-L-seryl-O-(2-acetamido-2-deoxy-a-D-galactopyra-
nosyl)-L-threonine (25) as a hygroscopic amorphous solid (80 mg, quantitative), [a)?
+123° (¢ 1.2, water). F.a.b.-mass spectrum: m/z (M+1)* and 764 (M +Na)*. “C-
N.m.r. data (100.6 MHz, D,0; CS, as the internal standard, § 192.7): 6 174.54, 174 4,
173.72, 171.99, 171.12 (C=0}), 98.90 [C-1 (Thr)], 97.92 [C-1(Ser)], 76.46 (Thr g-C),
71.34, 71.30 (2 C-5), 57.86, 55.49, 53.49 (Thr, 2 Ser a-C), 49.99, 49.77 (2 C-2), 22.27,
22.12, 21.82 (3 CH,CONH), 17.90 (Thr CH,).

N-Acetyl-L-seryl-O-( 2-acetamido-2-deoxy-3-O-f-D-galactopyranosyl-a-D-galac-
topyranosyl)-L-seryl-O-( 2-acetamido-2-deoxy-3-O-f-D-galactopyranosyl-a-D-galacto-
pyranosyl j-L-threonine (38). — As described above for 21, 35 (100 mg, 0.05 mmol) was
subjected in sequence to modification and removal of the Pyoc group, N-acetylation,
hydrogenolysis, and treatment with hydrazine in methanol. The morpholine was re-
moved from the residue by washing with ether. Compound 38 was obtained as an
amorphous hygroscopic solid (80 mg, 76%), [a]> +81° (c 0.8, water), R.0.09 (dichloro-
methane-methanol, 1:1). F.a.b.-mass spectrum: m/z 1067 (M+1)* and 1089
(M +Na)*. ®C-N.m.r. data (100.6 MHz, D,O; CS, as the internal standard, ¢ 192.7): é
174.78, 174.30, 174.17, 173.92, 171.60, 170.28 (C=0), 104.32, 104.24 (2 C-1'), 98.58
[C-1 (Thr)], 97.58 [C-1 (Ser)], 58.63 (Thr a-C), 55.13, 53.21 (2 Ser a-C), 48.33, 48.05 (2
C-2), 22.05, 21.78, 21.44 (CH,CONH), 17.49 (Thr CH,).

Synthesis of synthetic T, and T antigens. — To a solution of BSA (Behring Inst.
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ORHD 20/21; 20 mg, 0.3 mol) and 1-hydroxybenzotriazole monohydrate (10 mg, 0.074
mmol) in water (3 mL) at 4° was added a solution of 39, 25, or 38 (10 mg) in water (2 mL,
4°). The pH of the mixture was adjusted to 6 by addition of KHCO, and 3-(3-
dimethylaminopropyl)-1-ethylcarbodi-imide hydrochloride (50 mg, 0.26 mmol) was
added. The mixture was kept for 6 days (for 39 and 25) or 14 days (for 38), then dialysed
against water. The solution obtained was used for carbohydrate analysis* with 2-
acetamido-2-deoxy-D-galactose as the standard. In the analysis of 42, pD-galactose was
also used as a standard and identical results were obtained: 40 (protected T, antigen,
from 39), 66 ug of carbohydrate per mg of protein; 41 (T, antigen, from 25), 130 ug of
carbohydrate per mg of protein; 42 (T antigen, from 38), 280 ug of carbohydrate per mg
of protein.
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