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Synthesis of Mono- and Disaccharide Amino-acid
Derivatives for Use in Solid Phase Peptide Synthesis
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N-Fluorenylmethyloxycarbonyl-protected serine and threonine derivatives, carrying O-
glycosidically a- or B-linked peracetylated 3-p-Galp-(1-3)-D-GalNAcp carbohydrate chains,
were prepared. These derivatives are intended for use in solid phase glycopeptide
synthesis. Suitably protected mono- and disaccharide thioglycosides were used as carbo-
hydrate intermediates. These were activated by treatment with bromine to give the
glycosyl bromides, which were then used in silver triflate-promoted glycosidations of N-
fluorenylmethyloxycarbonyl amino-acid phenacyl esters. Removal of the phenacyl esters
with zinc gave the target free acids.

Synthetic glycopeptides, which are useful as models for glycoproteins or as haptens in
immunological studies, can be obtained, principally, in two different ways [1, 2]. 1) Suitably
protected oligopeptides are first prepared and then coupled to carbohydrate derivatives. 2)
Glycosylated and suitably protected amino-acids are first prepared and then used as
monomers in a solution or solid phase peptide synthesis. The former approach [3-5] is often
associated with peptide solubility problems and this is one of the reasons why low yields of
glycopeptides have been obtained. The latter approach has been used more frequently [1,
6, 71, most often with a solution peptide synthesis protocol. Only few reports [8, 9] have
appeared on the use of glycosylated amino-acids in a solid phase synthesis.

Progress in this field has until recently been hampered by the lack of a peptide synthesis
protocol that does not employ repeated use of acids such as trifluoroacetic acid or hydrogen
fluoride, which both can attack glycosidic linkages. However, with the advent [10-13] of the
fluorenylmethyloxycarbonyl (FMOC) amino protective group, which requires only a brief
treatment with a weak base [14] for deprotection, and resins such as SASRIN® (Bachem AG,
Bubendorf, Switzerland) [15] or HYCRAM® [8] which require only mild conditions for
cleavage, the situation has changed. A solid phase peptide synthesis protocol based on these
features would not damage glycosidic bonds, and therefore solid phase glycopeptide
synthesis should now be possible.
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Crucial for such a synthesis is the availability of glycosylated, FMOC-protected amino-acids
that carry suitable protective groups on the carbohydrate moiety. As part of a project aimed
at efficient solid phase synthesis of O-linked and N-linked glycopeptides, we have now
prepared the glycosylated FMOC-serine and threonine derivatives 13,18, 19, 24 and 25, the
detailed syntheses of which are presented in this paper. Compounds 18 and 24 contain the
common B-D-Galp-(1-3)-0-D-GalNAcp core structure of O-linked carbohydrate chains in
glycoproteins. Compounds 19 and 25 contain the corresponding B-linked disaccharide
structure. These were prepared for comparision purposes, since they were easily available
from by-products in the glycosidation reactions. The use of 13, 18, 19, 24 and 25 in peptide
synthesis will be reported in a coming paper.



Results and Discussion

The strategy used for preparation of 13, 18, 19, 24 and 25 was first to prepare the acetylated
mono- and disaccharide thioglycosides [16], 3 and 7. These were then activated and
coupled to FMOC-serine and -threonine phenacyl esters, 9 and 10. The derivatives obtained
were then converted, by a sequence of reactions, to the free acids 13, 18, 19, 24 and 25. The
choice of acetyl groups for permanent blocking on the sugar moiety requires a comment. An
advantage of this type of protection is the enhanced acid stability of the glycosidic linkage
that it induces. Acyl groups can also [17] be smoothly removed under conditions which do
not cause B-elimination or racemization of the serine and threonine moiety.

Synthetic Route

Treatment of 3,4,6-tri-O-acetyl-2-azido-2-deoxy-o-D-galactopyranosyl chloride 1 [18] with
potassium 4-methylthiophenolate in chloroform-ethanol gave the 4-methylphenyl B-
thioglycoside, 3, in 57% yield. Initially, synthesis of the analogous methyl thioglycoside was
intended, this compound having been prepared before [19] in two steps (57% total yield)
from 3,4,6-tri-O-acetyl-2-azido-2-deoxy-o-D-galactopyranosyl bromide 2. However, at-
tempts to prepare the thiomethyl glycoside with a simpler, one step procedure from the
halide by displacement with the anion of methanethiol were not successful (Haraldsson M,
Norberg T; unpublished results), but a change to 4-methylthiophenolate anion gave a high
vield of the 4-methylphenyl thioglycoside.

Treatment of 3 with sodium methoxide in methanol gave the crystalline triol, 4 (92% yield),
which was then treated with o, 0-dimethoxy-toluene and p-toluenesulfonic acid in aceto-
nitrile to give the glycosyl acceptor, 5 ( 82% yield). Silver triflate promoted glycosylation of
5 with 2,3,4,6-tetra-O-acetyl-o-D-galactopyranosyl bromide gave the crystalline disaccharide
B-thioglycoside, 6 ( 54% yield). Smaller amounts of acetylated 5 (3%) and 4-methylphenyl
2,3,4,6-tetra-O-acetyl-1-thio-B-D-galactopyranoside (8%) were isolated, in accordance
with expectations on this type of reaction [20].

Disaccharide thioglycosides such as 6 have been shown [19] to be useful as glycosyl donors.
However, 6 was first converted (86% vyield) to the corresponding peracetylated derivative,
7, by hydrolysis in aqueous acetic acid followed by acetylation with acetic anhydride in
pyridine. This operation was performed to reduce the number of deprotection steps later, and
also to enhance the acid-stability of the intended glycosylated amino-acid. Having prepared
mono- or disaccharide glycosyl donors, suitably carboxyl-protected FMOC-amino-acid
derivatives had to be prepared for use as glycosy! acceptors. The phenacy! ester was chosen
for carboxyl protection, since it can be removed by mild treatment with activated zinc in
acetic acid [21].

Treatment of L-threonine with fluorenylmethyloxycarbonyl chloride gave N-
fluorenylmethyloxycarbonyl-L-threonine {22], which was treated in situ with a-bromoace-
tophenone and potassium fluoride [23] in N,N-dimethylformamide to give N-
fluorenylmethyloxycarbonyl-L-threonine phenacylester, 10, in 46% total yield.

Similar treatment of L-serine gave N-fluorenylmethyloxycarbonyl-L-serine phenacylester, 9,
in 68% total yield.
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The monosaccharide bromide, 2, prepared as described [18] or by brief treatment of 3 with
bromine was reacted with 10 and silver triflate to give the o derivative, 11 (21% yield). Only
small amounts of the corresponding B derivative could be isolated. The stereoselectivity was
thus similar to that reported for analogous reactions [24]. Treatment of the azido derivative,
11, with thioacetic acid [25] at room temperature for 48 h gave the corresponding 2-
acetamido derivative, 12 (76% yield). Finally, the phenacyl group was removed by treatment
with activated zinc in acetic acid [21] to give the target amino-acid derivative, 13 ( 83%
yield).

The disaccharide bromide 8, prepared from 7 by brief treatment {19} with bromine, was
treated with the serine acceptor 9 and silver triflate to give a mixture of & (14, 52% ) and
(15, 25%) glycosidation products. With 8 as donor and the threonine derivative 10 as
acceptor, the yields under the same conditions were 39% of the o (20) and 31% of the B (21)
derivative.

Two points should be noted here: firstly, the stereoselectivity with the disaccharide donor
is poorer than with a monosaccharide donor, which is in accordance with results reported
before [24]. Secondly, the stereoselectivity in the reaction between the disaccharide donor
and threonine was poorer than in the reaction with serine, which has also been reported
previously [24].

Allfour disaccharide derivatives were separately subjected to treatment with thioacetic acid,
which gave compounds 16, 17, 22 and 23. These were carboxyl deprotected as above to
give compounds 18, 19, 24 and 25.

To find suitable conditions for later O-deacetylation, the derivative 18 was treated with 0.1
M sodium methoxide in methanol at room temperature while monitoring the reaction by
TLC. After 45 min, a single spot remained and the mixture was processed to give a 51% vield
of 26 {26, 27]. No elimination or racemization products could be detected in the mixture.

Experimental

Melting points are corrected. Evaporations were performed at <40°C bath temperature.
Optical rotations were recorded at 20°C (c= 0.4-0.7, chloroform) unless otherwise stated,
using a Perkin-Elmer 241 polarimeter. NMR spectra were.recorded at 25°C for solutions in
C?HCI, unless otherwise stated, using a Bruker AM 500 or a JEOL JNM-GSX 270 spectrome-
ter (TMS =8 0.0). Only selected NMR data are reported. In the assignments of disaccharides
the carbons or protons of the 3-linked galactose are followed by an apostrophe. The FAB-
MS spectra were recorded with a VG ZAB-SE mass spectrometer. Silica gel 60 F-254 (Merck,
Darmstadt, W. Germany) was used for TLC, detection by u.v. or by charring with 8% sulfuric
acid. Column chromatography was performed on silica gel (Matrex Silica Si, 60 A, 35-70 um,
Amicon). Elemental analyses were not obtained for some syrupy or amorphous compounds.
These were purified by column chromatography, and characterized by NMR spectroscopy.
Organic solvents were dried over sodium (toluene), or over molecular sieves 4 A, (heated
to 280°C for >2 weeks. Kebo, Stockhoim, Sweden). Powdered molecular sieves, Union
Carbide 4 A (Fluka, Buchs, Switzerland) were used in reactions where so stated.



4-Methylphenyl 3,4,6-Tri-O-acetyl-2-azido-2-deoxy- 1-thio--D-galactopyranoside (3)

Potassium hydroxide (2.97 g, 53 mmol) and 4-methylthiophenol (6.59 g, 53 mmol) were
dissolved in ethanol (92 ml). A solution of the chloride, 1 (16.1 g, 46 mmol) in chloroform
(92 ml) was added over 30-60 min and the mixture was then stirred for a further 3 h. The
reaction mixture was diluted with dichloromethane, washed with aqueous sodium hydro-
gen carbonate, dried (magnesium sulphate) and concentrated to give crude 3, which was
purified by column chromatography (toluene/ethyl acetate/hexane, 1/1/1 by vol). Pure,
amorphous 3 was obtained (11.4 g, 26.1 mmol, 57%), [o], -8°.

NMR data: 13C, § 20.5, 20.6, 20.7, 21.2 {CH,COO, CH,Ph), 59.3 (C-2), 66.6 (C-6), 61.6,
73.0, 74.4 (C-3, 4, 5), 86.7 (C-1), 129.0, 129.9, 134.0, 138.9 {Aromatic C), 169.7, 169.9,
170.4 (CH,COO); 'H, 83.63 (t, /, , = J,, 10.2 Hz, H-2), 3.86 (t, J, ;= J, ;, 6.5 Hz, H-5), 4.16-
4.22 (m, H-6a, 6b), 4.47 (d, J, , 10.2 Hz, H-1), 4.85 (dd, J,, 10.2, J, , 3.2 Hz, H-3), 5.34 (d,
J, 3.2 Hz, H-4).

4-Methylphenyl 2-Azido-2-deoxy-1-thio-B-D-galactopyranoside (4)

Methanolic sodium methoxide (0.5 M, 5 ml) was added to a solution of 3 (1.56 g, 3.57 mmol)
in methanol (50 ml). After 1 h, the mixture was neutralized with Dowex 50 H* ion exchange
resin. Filtration and concentration gave crude 4 (1.02 g, 3.30 mmol, 92%) as a crystalline
solid. Recrystallization from ethyl acetate gave material with m.p. 120°C, [a], +23°
{methanol).

NMR data (C*H,0?H):"*C, §, 21.1 (CH,Ph), 62.5, 64.4,69.6, 75.2, 80.6 (C-2, 3,4, 5, 6), 88.2
(C-1), 130.4, 130.6, 133.7, 139.1 (Aromatic C).

Analytical data. Calculated for C,,H, N,O,S: C,50.2; H, 5.5. Found: C, 49.8; H, 5.5.

4
4-Methylphenyl 2-Azido-4,6-O-benzylidene-2-deoxy-1-thio-B-D-galactopyranoside (5)

p-Toluenesulfonic acid (100 mg, 0.58 mmol) was added to a solution of 4 (3.01 g, 9.68
mmol) and o, a-dimethoxytoluene (1.91 g, 12.6 mmol) in acetonitrile (35 mi). After 2 h the
mixture was concentrated and purified by column chromatography (toluene/ethyl acetate,
6/4 by vol). Pure, syrupy 5 was obtained (3.16 g, 7.92 mmol, 82%), (o], -24°.

NMR data: C, 8 21.1 (CH,Ph), 61.9,69.1,69.7,73.0,74.3(C-2, 3,4, 5, 6), 84.9(C-1), 101.2
(CHPh).

4-Methylphenyl 2-Azido-4,6-O-benzylidene-2-deoxy-3-O-(2,3,4,6-tetra-O-acetyl--D-
galactopyranosyl)-1-thio-B-D-galactopyranoside (6)

A solution of silver triflate (3.16 g, 12.3 mmol) in dry toluene (47 ml) was added, while
cooling to -30°C and stirring, to a solution of 5 (3.27 g, 8.20 mmol) and 2,3,4,6-tetra-O-
acetyl-a-D-galactopyranosyl bromide (4.34 g, 10.7 mmol) in dry dichloromethane (70 ml)
containing powdered molecular sieves (7.7 g). The mixture was stirred at -30°C to -20°C for
20 min. Pyridine (0.45 ml) was then added and the solid was filtered off and thoroughly
washed with dichloromethane (4 x 50 mi). The filtrate was washed, successively, with
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aqueous 0.5 M sodium thiosulphate, water, and aqueous sodium hydrogen carbonate, then
dried (magnesium sulphate) and concentrated. Column chromatography of the residue
{toluenefethyl acetate, 7/3 by vol) gave the following fractions identified by NMR: a)
acetylated 5 (0.09 g), b) 4-methyiphenyl 2,3 ,4,6-tetra-O-acetyl-1-thio-p-D-galactopyrano-
side (0.29 g), ¢) impure and unidentified fractions (0.23 g), and d) pure 6 (3.20 g, 4.39 mmol,
54%). Recrystallization from dichloromethane/hexane gave material with m.p. 116°C, foly
-39°.

NMR data: 13C, § 20.5, 20.6, 20.6 (CH,CO), 21.1 (CH,Ar), 59.9, 61.5 (C-2,6'), 66.6, 68.6,
69.2,69.8,70.8,70.9,74.7,80.8 (C-3,4,5,6,2',3',4,5'),85.7 (C-1), 100.7 (PhCH), 102.1
(C-1"), 125-138 (Aromatic C), 169.2, 170.0, 170.1 (CH,CO) ; 'H, § 1.97, 2.01, 2.04, 2.13
(45, CH,COO), 2.31 (5, CH,Ph), 3.45 (m, H-5), 3.52 (dd, J,, 10.0, J, , 3.2 Hz, H-3), 3.70 (,
J,,9.8,1,,10.0 Hz, H-2), 3:88 (dt, Jy o = Jo g 65, Jy5- 1.3 Hz, H-57), 4.01 (dd, 1, ,, 1.6, J, o
12.3 Hz, 1-6a), 4.10(dd, I, 6.4, J,. vy, 112 Hz, H-6'a), 416 (dd, J, oy 6.4, /. on 11.2 H7,
H-6'b), 4.23 (d, J,, 3.2 Hz, H-4), 4.38(dd, /; , 1.7, J,, . 12.3 Hz, H-6b) 438(dj 9.8 Hz,
H-1), 476 d, ), 8.0 Hz, H-1"), 4.99 (dd, ], 10.4, J 2 3.5 Hz, H-3"), 5.22(dd, 8.0,y
10.4 Hz, H-2, 5,37 (dd, J,,, 3.5, /.5 1.3 Hz, H-4),'5.50 (s, CHPh).

Analytical data. Calculated for C,,H,,N.SO,,: C, 56.0; H, 5.4. Found: C, 55.7; H, 5.4.
4-Methylphenyl 4,6-Di-O-acetyl-2-azido-2-deoxy-3-O-(2,3,4,6-tetra-O-acetyl-B-p-galac-
topyranosyl)-1-thio-B-D-galactopyranoside (7)

A solution of 6 (3.21 g, 4.41 mmol) in 80% aqueous acetic acid (10 ml) was heated to 80°C
for 1 h. The mixture was concentrated and co-evaporated with toluene. Pyridine (8 mi) and
acetic anhydride (5 ml) were added and the reaction was left overnight at room temperature.
Concentration and co-evaporation with toluene gave 7 (3.08 g). NMR of the crude product
showed at least 90% purity, [a], +4

NMR data: *C, & 21.1 (CH,Ar), 60.9, 61.4, 62.6 (C-2, 6, 6'), 66.7, 68.0, 68.7, 70.6, 70.8,
75.1,79.5 (C-3, 4, 5, 2', 3", 4, 5", 86.7 (C-1), 101.3 (C-1), 127.1, 129.6, 133.6, 138.8
(Aromatic C), 169.3, 169.6, 170.0, 170.2, 170.4, 170.5 (CH,CO). .

N-(9-Fiuorenylmethyloxycarbonyl)-L-serine Phenacylester (9)

9-Fluorenylmethyloxycarbonyl chloride (1.30 g, 5.02 mmol) in dioxane (7.5 ml) was added,
while cooling in ice, over one hour to L-serine (0.53 g, 5.0 mmol) in 10% aqueous sodium
carbonate (10 mi) and dioxane (5 ml). The reaction was kept at 0°C for one hour and then
at room temperature overnight. Ice-water (150 ml) was added and the reaction mixture was
washed with diethy! ether (2 x 40 ml). The agueous layer was cooled in ice while 2 M HC}
was added to pH 2. The aqueous layer was then extracted with ethyl acetate (2 x 30 mi). The
combined organic phases were washed with 0.1 M HC| (30 ml), dried with magnesium
sulphate and concentrated to an oil.

Potassium fluoride (0.64 g, 11 mmol) and a-bromoacetophenone (1.0 g, 5.0 mmol) were
stirred in N, N-dimethylformamide (5 ml) at room temperature for 1 min. The crude oil from
above in N,N-dimethylformamide (5 ml) was added and the mixture was stirred overnight,
then diluted with diethyl ether (25 mi) and washed with water (3 x 20 ml). The organic phase
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Table 1: "H NMR & and Jvalues (in parenthesis) for derivatives 11, 12, 14, 15, 20 and 21
(C?HCl, solution, 30°C, TMS = 8 0.00) and for derivatives 13, 18, 19, 24 and 25 (C*H,O’H
solution, 30°C, TMS = § 0.00).

Spin GalNAc Gal

system :

Proton H-1 H-2 H-3 H-4 H-5 H-6a H-6b H-1" H-2' H-3' H-4" H-5' H-6a"H-6b’
J 1,2 23 34 45 56a 56b 6a6b 12t 2.3 34 45" 5,68 6b’ ba’,6b’

11 553 3.80 5.32 548 4.28 4.36 4.42
3.7y 1123332 (7.4) (7.6 (11.5)

12 541 468 5.18 544 430 411 4.15

3.7y 1430 7.1} (5.8 (11.3)
13 497 4.40 5.1¢ 543 423 4.47 457
(3.8) (11.4)3.0)
14 5.84 393 3.66 533 4.66 5.17 498 5.11
3.4y (10.8) (3.6) 7.9) (10.5) (3.5)
15 439 3.65 3.54 533 374 402 415 4.70 S.15 5.01 536 3.87 409 415
(7.9 (10.3) (3.9 (11.7) (7.8) (10.5)(3,5) (0.9 (11.3)
18 479 438 4.01 539 4.17 392 412 470 498 5.02 534 396 4.12 4.12
(3.7) (11.00(3.5) (7.3) (10.4) (3.4) (0.8)
19 4.55 3.95 3.90 5.37 4.10 4.72 501 5.07 535 4.04
(8.4) (7.7) (10.5) (3.4) (1.2)
20 551 4.05 3.78 5.49 4.00 4.19 474 518 5.01 534 390 409 417
4.00 (10.7) 4.0 (G.3) (7.4 (43) (11.0) 8.0) (10.6) (3.2) (1.0} (6.6} (6.6) (11.3)
21 4.64 3.66 3.62 535 3.80 3.98 4.15 4.74 5.17 5.04 538 390 4.10 4.18
(7.8) (10.5)(3.2) {1.5) (7.00 (5.8) (11.5) (8.0) (10.5)(3.4) 2.00 6.5 (7.00 (11.1)
24 4.87 4.35 390 538 4.22 397 4.64 499 499 535 399 411 4.6
(3.8) (11.2)(3.5) (1.5 (7.8) 01.4) (7.9) (3.0 (1.}) (6.8) (6.4 (11.2)
25 475 3.96 4.04 3.99 3.90 4.00 4.54 502 508 536 4.04
(7.6) 9.00 3.1) 0.9 B (11.4) 8.4y (105 34 (0.1

was dried with magnesium sulphate and concentrated to give crude 9 ,which was purified
by column chromatography (toluene/ethyl acetate 7/3 by vol) giving pure 9 (1.52 g, 3.42
mmol, 68%) as a white crystalline solid, mp 105-108°C, (o], -23°.

NMR data: 3C, § 47.0 (CHAr,), 58.4 (o-CH), 63.8 (B-CHZ), 66.6, 67.2 (NHCOOCH,,
OCH,CO), 119-143 (Ar (), 156.1 (NHCOO), 170.3 (COOCH,), 192.9 (OCH,CO); 'H, 8
3.92(d, J11.5Hz, B-CH,), 4.22 (t, ] 7.2 Hz, CHAr,), 4.32 (m, B-CH,), 4.34 (dd, /7.3, 10.5
Hz, NHCOOCH,), 4.41 (dd, j7.3, 10.5 Hz, NHCOOCH,), 4.64 (m, o-CH), 5.28 (d, J 16.5
Hz, OCH,CO), 5.68 (d, J 16.5 Hz, OCH,CO), 5.95 {d, 8.5 Hz, NH).

Analytical data. Calculated for C,;H,,NO,: C, 70.1; H, 5.2. Found: C, 70.1; H, 5.3.

260 23

N-(9-Fluorenylmethyloxycarbonyl)-L-threonine Phenacylester (10)

L-Threonine (5.96 g, 50 mmol) was treated as described for serine, giving 10 (10.7 g, 23
mmol, 46%) as white crystals, mp 130-131°C, [o], -46°.

NMR data: 3C, § 18.8 (y-CH,), 47.1 (CHAr,), 59.7 (a-CH), 66.6 (OCH,CO), 67.2
(NHCOOCH,), 68.2 (B-CH), 119-143 (Ar C), 156.7 (NHCOO), 170.8 (COOCH,), 193.0
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Table 2: "H NMR & and J values (in parenthesis) for derivatives 11, 12, 14, 15, 20 and 21
(C*HCI, solution, 30°C, TMS = § 0.00) and for derivatives 18, 19, 24 and 25 (C*H,O’H
solution, 30°C, TMS = & 0.00).

Spin )
system FMOC Amino-acid Phenacyl CH,
Proton CH CH,a CH,b NH H-a H-f*  H-y Ha Hb
J HHa HHb HaHb NHo oB By Ha,Hb
11 433 4.2 5.95 457 464 1.44 5.32 560
(6.5) 9.4y (2.1) (6.5 {16.5)
12 4.47 579 456 453 1.44 528 5.60
(7.1) (9.5) (6.5) (16.4)
14 5.74 542 552
(16.3)
15 4.26 444 446 5.92 5.46  5.46
7.3y (7.3) (7.8)
18 425 444 445 4.41 3.93
(6.5) (6.5)
19 4.24 433 435
(6.8) (6.8) (10.5)
20 4.41 434 452 5.95 455 1.43 5.36 558
(7.5)  (7.5) (10.5) (9.3) (2.2) (6.4) (16.3)
21 4.27  4.42 5.93 4.61 4.67 1.47 534 535
(7.5)  (7.5) (9.0) (2.5) (6.5 (16.5)
24 4.28 4.51 4.58 422 436 1.25
(6.4) (6.4) (10.8)
25 424 436 437 422 440 121

(7.2)  (7.2) (29) (6.7)

“ For serine derivatives, only one value is given.

(OCH,CO); 'H, 8 1.33 (d, / 6.4 Hz, y-CH3), 4.25 (t, 7.3 Hz, CHAr,), 4.40 (d, / 7.3 Hz,
NHCOOCH,), 4.53 (dd, /9.6, 1.9 Hz, a-CH), 4.64 (ddd, J 1.9, 6.4 Hz, 8-CH), 5.36 (d, / 16.5
Hz, OCH,CO), 5.66 (d, / 16.5 Hz, OCH,CO), 5.73 (d, / 9.6 Hz, NH).

Analytical data. Calculated for C, H,.NO,: C, 70.6; H, 5.5. Found: C, 70.3; H, 5.5.

N-(9-Fluorenylmethyloxycarbonyl)-O-(3,4,6-tri-O-acetyl-2-azido-2-deoxy-a-D-
galactopyranosyl)-L-threonine Phenacylester (11)

A solution of silver triflate (2.83 g, 11.1 mmol) in dry toluene (70 ml) was added to a cooled
(-50°C) solution of 1 [18] (2.91 g, 7.38 mmol) and 10 (5.07 g, 11.1 mmol) in dry
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dichloromethane (90 ml) containing molecular sieves (2.76 g). After 15 min, pyridine (3 ml)
was added and the reaction was allowed to attain room temperature. The solids were filtered
off and thoroughly washed with dichloromethane. The filtrate was washed with, successi-
vely, 0.5 M sodium thiosulfate, water and aqueous sodium hydrogen carbonate, dried
(magnesium sulfate) and concentrated. Column chromatography (toluene/ethy! acetate, 7/
3 by vol) of the residue gave first pure 11 (1.21 g ,1.56 mmol, 21%), [a], +21°.

NMR data; *C, d 19.1 (y-CH,), 20.6 (CH,COO0), 47.0 (CHAr,), 58.2, 58.4, 61.8 (C-2, 6, o-
CH), 66.7,66.9, 67.47, 67.53, 68.4 (C-3, 4, 6, NHCOOCH,, OCH,CO), 76.1 {B-CH), 98.8
(C-1), 119-144 (Ar C}, 156.8 (NHC(OO), 169.8, 169.9, 170.0, 170.3 (CH3COO, COOCHz),
190.7 (OCH,COj); For the H data, see Tables 1 and 2. FAB mass spectroscopy showed (M*
+1) =773, (M* + Na) = 795. Further elution gave a mixture of 10 and 11 (3.63 g) in the ratio
1:3.

N-(9-Fluorenylmethyloxycarbonyl)-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-o-D-
galactopyranosyl)-L-threonine Phenacylester (12)

Compound 11 (1.34 g, 1.73 mmol) was dissolved in thicacetic acid (2 ml) and left at room
temperature for two days. The reaction mixture was then purified by column chromatograp-
hy (toluene/ethy! acetate, 7/23 by vol) to give 12 (1.04 g, 1.31 mmol, 76%), (o], +17°

NMR data: *C, § 18.5 ('Y—CH3), 20.6, 20.7, 20.8 (CH3COO), 22.8 (CH3CONH), 47.1,47 .4
(C-2,CHAr,), 58.4,62.2 (a-CH, C-6), 66.5,67.2, 67 .4, 67.5, 68.6 (C-3,4,5, NHCOOCH,,
OCHZCO), 76.7 (B—CHZ), 99.9 (C-1), 120-141 (Ar C), 157.0 (OCONH), 170.3 (CH3COO),
170.9 (CH,CONH), 191.5 (OCH,CO). For the 'H data, see Tables 1 and 2.

N-(9-Fluorenylmethyloxycarbonyl)-O-(2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-o-D-
galactopyranosyl)-L-threonine (13)

Activated zinc (2.08 g, 32 mmol) and 12 (0.69 g, 0.87 mmol) were vigorously stirred for 4
h in 80% aqueous acetic acid (3 ml). The solids were filtered off and the filtrate concentra-
ted and purified by column chromatography (ethyl acetate/acetic acid, 9/1 by vol) to give
13 (0.48 g, 0.72 mmol, 83%), [a], +90°.

NMR data (C2H3OQH): 3C, 620.2 (yv-CH,), 21.5, 21.6 (CH3COO), 23.9 (CH3CONH), 49.6
(CHAr,) 60.8, 60.9, 64.3,68.6,69.1,69.7,70.6 (C-2, 3,4, 5, 6, NHCOOCHZ, o-CH), 78.6
(B-CH), 101.7 (C-1), 121-146 (Ar C), 160.1 (NHCOO), 172.9, 173.0 (CHgCOO), 174.3,
174.6 (CH,CONH, COOH). For the "H data, see Table 1.

N-(9-Fluorenylmethyloxycarbonyl}-O-[4,6-di-O-acetyl-2-azido-2-deoxy-3-O-(2,3,4, 6-tetra-
O-acetyl-B-D-galactopyranosyl)-a-D-galactopyranosyl]-L-serine Phenacylester (14) and
N-(9-Fluorenylmethyloxycarbonyl)-O-[4,6-di-O-acetyl-2-azido-2-deoxy-3-O-(2,3,4,6-tetra-
O-acetyl-B-D-galactopyranosyl)-B-D-galactopyranosyl]-L-serine Phenacylester (15)

Bromine (0.52 g, 3.27 mmolj was added to a crude solution of the thioglycoside 7 (1.58 g,
2.19 mmol) in dry dichloromethane (35 ml) containing molecular sieves (9.0 g). After 10
min, cyclooctadiene (0.2 ml) was added. The alcohol 9 (1.46 g, 3.28 mmol) was added and
the mixture was cooled to -40°C. A solution of silver triflate (1.12 g, 4.36 mmol) in dry
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toluene (12 ml) was added. After 10 min, pyridine (3.5 ml) was added and the reaction
mixture was allowed to attain room temperature. The solids were filtered off and thoroughly
washed with dichloromethane (4 x 50 ml}. The filtrate was washed, successively, with 0.5
M sodium thiosulfate, water, and sodium hydrogen carbonate, dried with magnesium sulfate
and concentrated. The residue was purified by column chromatography (toluene/ethyl
acetate, 6/4 by vol) to give first 14 as an 0il (1.19 g ,0.40 mmol, 52%), [, +67°. NMR data:
13C, 620.5, 20.6 (CH,COO), 47.0 (CHAr,), 54.3 (a-CH), 59.5, 61.0, 62.7 (C-2, 6, 6'), 63.9,
66.6, 66.7, 66.8, 67.2, 68.0, 68.7, 69.3, 69.4, 70.7, 74.6 (C-3, 4, 5, 2', 3', 4', 5,
NHCOOCH,, B-CH,, OCH,CO, NHCOOCH,), 99.1 (C-1), 101.5 (C-1'), 119-144 (Ar C),
156.2 (NHCOO), 169.5, 169.6, 170.0, 170.2, 170.3, 170.5 (CH,COO, CHCOO), 191.3
(OCH,CO). For the'H data, see Tables 1 and 2. The next fraction was 15 (0.56 g, 0.54 mmol,
25%) (o], +15°. NMR data: P°C, 8 20.4, 20.5 (CH,COQ), 46.9 (CHAr,), 54.1 (a-CH), 60.9,
61.9, 63.0, 66.6, 66.8, 67.2, 67.9, 68.6, 69.5,70.4, 70.7, 71.4 (C-2, 3,4, 5,6, 2", 3', 4', 5,
6', NHCOOCH,, B-CH,, OCH,CO), 101.3,102.2 (C-1,1"), 119-144 (Ar C), 155.8 (OCONH),
169.0, 169.2, 169.5, 169.9, 170.1, 170.2, 170.4 (CH,COO, CHCOO), 191.1 (OCH,CO).
For the 'H data, see Tables 1 and 2.

N-(9-Fluorenylmethyloxycarbonyl)-O-[2-acetamido-4,6-di-O-acetyl-2-deoxy-3-O-(2,3,4,6-
tetra-O-acetyl-B-D-galactopyranosyl)-a-D-galactopyranosyl]-L-serine Phenacylester (16)

Compound 14 (1.00 g, 0.96 mmol) was dissolved in thioacetic acid (3 ml). After two days
the reaction mixture was purified by column chromatography (toluene/ethyl acetate, 1/2 by
vol) to give 16 (0.73 g, 0.69 mmol, 72%), [a], +49°.

NMR data: *C, § 20.6-21.3 (CH,COO), 23.2 (CH,CONH), 47.1 (CHAr,), 48.7 (C-2), 54.4
(@-CH), 61.1, 62.8 (C-6, 6'), 66.9, 67.0, 67.4, 68.2, 68.6, 68.9, 69.3, 70.7, 70.9, 73.0 (C-
3,4,5,2',3',4',5', B-CH,, NHCOOCH,, OCH,C0), 98.7 (C-1), 101.3 (C-1"), 120-144 (Ar
C), 156.0 (NHCOO), 169.6-170.7 (CH,COO, CHCOO, CH,CONH, CHCOOCH,), 193
~(OCH,CO).

N-(9-Fluorenyimethyloxycarbonyl)-O-[2-acetamido-4,6-di-O-acetyl-2-deoxy-3-O-(2,3,4,6-
tetra-O-acetyl-B-D-galactopyranosyl)-B-D-galactopyranosyl]-L-serine Phenacylester (17)

Compound 15 (0.40 g, 0.38 mmol) was dissclved in thioacetic acid (1 ml). After two days
the reaction mixture was purified by column chromatography (toluene/ethyi acetate, 1/2 by
vol) to give 17 (0.27 g, 0.25 mmol, 68%), [o], +16°.

NMR data: "*C, § 20.6-21.2 (CH,COQ), 23.6 (CH,CONH), 47.2 (CHAr,), 54.7 (a-CH), 61.1,

62.5 (C-6, 6"), 66.8, 66.9, 67.3, 68.3, 68.9, 69.2,70.9,71.0, 74.8 (C-3, 4, 5, 2', 3", 4", 5,
B-CH,, NHCOOCH,, OCH,CO), 99.5, 100.5 (C-1,1'), 120-144 (Ar C), 156.2 (NHCOO),
169.5-171.9 (CH,COO, CH,CONH, CHCOOCH,, CHCOOQ), 191.9 (OCH,CO).

N-(9-Fluorenylmethyloxycarbonyl)-O-[2-acetamido-4,6-di-O-acetyl-2-deoxy-3-0-(2,3,4,6-
tetra-O-acetyl-B-D-galactopyranosyl)-a-D-galactopyranosyl]-L-serine (18)

Activated zinc (1.42 g, 22 mmol) and 16 (122 mg, 0.115 mmol) were vigorously stirred for
4 h in 80% aqueous acetic acid (1.5 ml). The solids were filtered off and the filtrate
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concentrated and purified by column chromatography (ethyl acetate/acetic acid, 9/1 by vol)
to give 18 (92 mg, 0.098 mmol, 85% ), [a], +89°.

NMR data (C*H,0H): °C, §20.1-20.5 (CH,COO), 22.7 (CH,CONH}), 48.1 (CHAr,), 49.4,
55.7 (C-2, 0-CH), 62.1, 63.6 (C-6, 6), 67.6, 68.3, 68.6, 69.5,69.7, 70.9, 71.5, 71.8, 74.3
(C-3,4,5,2',3",4',5', NHCOOCH,, B-CH,), 99.8 (C-1), 102.1 (C-1'),120-145 (Ar C), 158.1
(NHCOO), 170-174 (CH,COO, CH,CONH, COOH). For the 'H data, see Tables 1 and 2.
FAB mass spectroscopy showed (M* + 1) = 945, (M* + Na) = 967.

N-(9-Fluorenylmethyloxycarbonyl)-O-[2-acetamido-4,6-di-O-acetyl-2-deoxy-3-O-(2,3,4,6-
tetra-O-acetyl-B-D-galactopyranosyl)-B-D-galactopyranosyl]-i-serine (19)

Activated zinc (1.21 g, 18.5 mmol) and 17 (297 mg, 0.28 mmol) were vigorously stirred for
4 hin 80% aqueous acetic acid (4 ml). The mixture was purified by column chromatograp-
hy (ethyl acetate/acetic acid, 9/1 by vol) to give 19 (196 mg, 0.21 mmol, 75% ), [al , +27°.
NMR data (C°H,0O?H): °C, 6 20.4-20.8 (CH,COOQ), 23.3 (CH,CONH), 48.3 (CHAr,), 53.0,
55.6 (C-2, o-CH), 62.3, 63.5 (C-6, 6'), 68.0, 68.6, 69.8, 70.2, 70.4, 71.8,72.1,72.5,77 .4
(C-3,4,5,2', 3", 4,5 NHCOOCH,, B-CH,), 102.2, 102.4 (C-1, 1"),120-145 (Ar C), 158.1
(NHCOO), 171-174 (CH,COO, CH,CONH, COOH). For the 'H data, see Tables 1 and 2.
FAB mass spectroscopy showed (M* + 1) = 945, (M* + Na) = 967.

N-(9-Fluorenylmethyloxycarbonyl)-O-[4,6-di-O-acetyl-2-azido-2-deoxy-3-O-(2, 3,4, 6-tetra-
O-acetyl-B-D-galactopyranosyl)-a-D-galactopyranosyl]-L-threonine Phenacylester (20) and
N-(9-Fluorenylmethyloxycarbonyl)-[4,6-di-O-acetyl-2-azido-2-deoxy-3-O-(2,3,4,6-tetra-O-
acetyl-B-D-galactopyranosyl)-p-D-galactopyranosyl]-L-threonine Phenacylester (21)

Bromine (0.24 g, 1.53 mmol) was added to a crude solution of the thioglycoside 7 (0.74 g,
1.02 mmol) in dry dichloromethane (17 ml), containing molecular sieves (3.47 g). The
bromine was allowed to react for 10 min. Cyclooctadiene (0.1 ml) was added and the
bromine-red colour disappeared. The alcohol 10 (0.700 g, 1.528 mmol) was added and the
mixture was cooled to -40°C. A solution of silver triflate (0.52 g, 2.04 mmol) in dry toluene
(8 ml) was added . After 10 min, pyridine (2 ml) was added and the reaction mixture was
allowed to attain room temperature. The solids were filtered off and thoroughly washed with
dichloromethane. The filtrate was washed, successively, with 0.5 M sodium thiosulfate,
water, and sodium hydrogen carbonate, dried with magnesium sulfate, and concentrated.
The residue was purified by column chromatography (toluene/ethyl acetate, 6/4 by vol) to
give 20 as the first fraction (0.43 g, 0.40 mmol, 39%) [a], +33°. NMR data: 3C, 8 19.1 (y-
CH,), 20.5-20.7 (CH,CO0), 47.1 (CHAr,), 58.6 (a-CH), 60.3, 61.0, 63.0 (C-6,6',2),66.7,
66.8, 68.8, 69.4, 70.7, 70.8, 74.8, 76.1 (C-3, 4, 5, 2', 3', 4', 5', NHCOOCH,, B-CH,
OCH,CO), 98.9 (C-1), 101.5 (C-1Y), 120-144 (Ar C), 156.8 (NHCOO)}, 169.7-170.4
(CH,COO, COOCH,, CHCOO), 192 (OCH,CO). For the 'H data, see Tables 1 and 2. The
next fraction was 21 (0.34 g, 0.32 mmol, 31%), [, +13°. NMR data: °C, 8 18.5 (y-CH,),
20.7-21.6 (CH,COO0), 47.2 (CHAr,), 58.3 (0-CH), 61.1, 62.0, 63.4 (C-6, 6', 2},66.9, 67.0,
67.6, 68.1,69.0,70.8,70.9,71.3,76.3,77.0(C-3,4,5, 2', 3", 4", 5', NHCOOCH,, 3-CH,
OCHZCO), 100.6 (C-1), 101.6 (C-1"), 120-144 (Ar C), 156.9 (NHCOQ), 169.5-170.7
(CH,COO, CHCOO, CH,CONH), 192 (OCH,CO). For the '"H data, see Tables 1 and 2.
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N-(9-Fluorenylmethyloxycarbonyl)-O-[2-acetamido-4,6-di-O-acetyl-2-deoxy-3-0O-(2, 3,4, 6-
tetra-O-acetyl-B-D-galactopyranosyl)-a-D-galactopyranosylj-i-threonine Phenacylester (22)

Compound 20 (0.428 g, 0.404 mmol) was dissolved in thioacetic acid (1 ml). After two days
the residue was purified by column chromatography (toluene/ethyl acetate, 1/2 by vol) to
give 22(0.326 g, 0.303 mmol, 75%) as an amorphous solid, [o] , +22°. NMR data: *C, § 17.5
(y-CH,), 20.3-20.6 (CH,COO0), 22.8 (CH,CONH), 47.1 (CHAr,), 48.9 (C-2), 58.5, 60.8, 62.9
(@-CH, C-6, 6'), 66.7, 66.8, 67.1, 67.9, 68.5, 69.3, 70.4, 70.7, 72.6, 76.8 (C-3, 4, 5, 2', 3",
4', 5', NHCOOCH,, B-CH, OCH,CO), 99.4 (C-1), 101.1 (C-1"), 120-144 (Ar C), 156.5
(NHCOO), 169-171 (CH,COO, CH,CONH, CHCOO), 192.7 (OCH,CO).

N-(9-Fluorenylmethyloxycarbonyl)-O-[2-acetamido-4,6-di-O-acetyl-2-deoxy-3-O-(2, 3,4,6-
tetra-O-acetyl-B-D-galactopyranosyl)-B-D-galactopyranosyl]-L-threonine Phenacylester (23)

Compound 21 (0.40 g, 0.38 mmol) was dissolved in thioacetic acid (1 ml). After two days
the residue was purified by column chromatography (toluene/ethyl acetate, 1/2 by vol) to
give 23 (0.27 g, 0.25 mmol, 68%) as an amorphous solid, [a] ; +16°. NMR data: *C, 517 .4
(y-CH,), 20.1-20.6 (CH,COO0), 23.3 (CH,CONH), 46.9 (CHAr,), 54.6 (C-2), 58.4,60.7,61.9
(0-CH, C-6, 6'), 66.4, 66.5, 66.9, 67.8,68.9, 70.6,70.9, 74.4,74.9 (C-3, 4,5, 2', 3", 4', 5,
NHCOOCH,, -CH, OCH,CO), 97.2 (C-1), 100.0 (C-1"), 119-144 (Ar C), 156.3 (NHCOO),
169.1-170.7 (CH,COO, CH,CONH, CHCOO), 191.7 (OCH,CO).

N-(9-Fluorenylmethyloxycarbonyl)-O-[2-acetamido-4,6-di-O-acetyl-2-deoxy-3-O-(2,3,4,6-
tetra-O-acetyl-B-D-galactopyranosyl)-a-D-galactopyranosyl]-L-threonine (24)

Compound 22 (229 mg, 0.213 mmol) and activated zinc {1 g, 15 mmol) in 80% aqueous
acetic acid (2 ml) were stirred at room temperature. After 3 h the mixture was purified by
column chromatography (ethyl acetate/acetic acid, 9/1 by vol) to give 24 {185 mg, 0.193
mmol, 91%) as an amorphous solid, [a], +67°. NMR data (C*H,O’H): *C, 6 18.7 (y-CH,),
20.0-20.4 (CH,CO0), 21.9 (CH,CONH), 46.2, 49.1 (CHAr,, C-2), 59.9, 61.9, 63.8 (o-CH,
C-6, 6'), 67.2, 68.2, 68.5, 69.7, 70.9, 71.3, 71.8, 74.9, 77.3 (C-3, 4, 5, 2!, 3', 4", 5,
NHCOOCH,, B-CH), 100.7 (C-1), 102.1 (C-1"), 120.6-145 (Ar C), 158.8 (NHCOO), 169-
173 (CH,COO, CH,CONH, COOH). For 'H data, see Tables 1 and 2. FAB mass spectrosco-
py showed (M* + 1) = 959, (M* + Na) = 981.

N-(9-Fluorenylmethyloxycarbonyl)-O-[2-acetamido-4,6-di-O-acetyl-2-deoxy-3-O-(2,3,4,6-
tetra-O-acetyl-B-D-galactopyranosyl)-B-D-galactopyranosyl]-L-threonine (25) -

Compound 23 (240 mg, 0.223 mmol) and activated zinc (1.0 g, 15 mmol) in 80% aqueous
acetic acid (2 ml) were stirred at room temperature. After 3 h the mixture was purified by
column chromatography (ethyl acetate/acetic acid, 9/1 by vol) to give 25 (207 mg, 0.216
mmol, 97%) as an amorphous solid, [a], +31°.NMR data (C*H,0?H): 1*C, § 17.4 (y-CH,),
20.0-20.4 (CH,CO0), 23.0 (CH,CONH), 47.8 (CHAr,), 53.0(C-2), 59.8, 61.8, 62.7 (a-CH,
C-6, 6'), 67.6, 68.3, 69.8, 69.9, 71.3, 71.6, 71.7, 76.1, 77.0 (C-3, 4, 5, 2', 3', 4', 5',
NHCOOCH,, B-CH), 100.8 (C-1), 101.9 (C-1"),120-146 (Ar C), 158.5 (NHCOQO), 170-174
(CH,COO, CH,CONH, COOH). For the 'H data, see Tables 1 and 2. FAB mass spectroscopy
showed (M* + 1) = 959, (M* + Na) = 981.
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O-[2-Acetamido-2-deoxy-3-O-(B-D-galactopyranosyl)-a-D-galactopyranosyl]-L-serine (26)

Sodium methoxide (0.5 M) was added dropwise to a solution of 18 (81.6 mg, 0.086 mmol)
in methanol (10 ml), to pH 12. The mixture was kept at room temperature for 30 min and
then neutralized with aqueous hydrochloric acid (0.1 M). The mixture was concentrated to
2-4 ml and purified on a Bio-Gel P-2 column to give pure 26 (22.4 mg, 0.044 mmol, 51%)
as a white solid. NMR data (*H,0) : *C, d 23.1 (CH,CONH), 49.4 (¢-CH), 55.5 (C-2), 62.0,
62.2 (C-6,6'),67.6 (B—CHZ), 69.6,69.7,71.6,72.1,73.5,77.0,77.6 (C-3,4,5,2', 3", 4',5"),
99.2(C-1),105.6 (C-1'),172.7,175.7 (COOH, CH,CONH); the 'H values were as reported
{26, 27]. '

Note Added in Proof
Paulson H, Merz G and Weichert U [Angew Chem Int Edn Engl (1988) 27:1365-67] have

recently reported a solid phase synthesis of O-glycopeptide sequences using a similar app-
roach to that described here.

Acknowledgements

We thank Mr Gunnar Gronberg (Analytical Department, BioCarb AB) for recording and
assigning NMR spectra.

References
1 Kunz H (1987) Angew Chem Int Edn Engl 26:294-308.
2 Garg HG, Jeanloz RW (1985) Adv Carbohydr Chem Biochem 43:135-201.
3 Garg H, Hasenkamp T, Paulsen H (1986) Carbohydr Res 151:225-32.
4 Maeji NJ, Inoue Y, Chujo R (1986) Carbohydr Res 146:174-76.
5  Kessler H, Kottenhahn M (1988) Proc XIVth Int Carbohydr Symp, Stockholm, p 207.
6  Paulsen H, Schultz M (1987) Carbohydr Res 159:37-52.
7  Schmidt RR, Kinzy W (1987) Carbohydr Res 166:265-76.
8  Kunz H, Dombo B (1988) Angew Chem Int Edn Engl 27:711-13.
9 Lavielle S, Ling N, Saltman R, Guillemin T (1981) Carbohydr Res 89:229-36.
10 Atherton E, Gait MJ, Sheppard RC, Williams BJ (1979) Bioorg Chem 8:351-70.
11 Atherton E, Sheppard RC (1981) in Perspectives in Peptide Chemistry, eds. Eberle A,

Geiger R, Wieland T, Karger, Basel, p 101.

12 Sheppard RC (1983) Chem Brit 5:402-13.

13 Carpino LA (1987) Acc Chem Res 20:401-7.

14 Atherton E, Logan CJ, Sheppard RC (1981) ] Chem Soc Perkin 1538-45.

15  Mergler M, Nyfeler R, Gosteli ), Grogg P (1987) Proc 10th Amer Pept Symp, St.Louis,
USA.

16 Fugedi P, Garegg PJ, Lonn H, Norberg T (1987) Glycoconjugate ] 4:97-108.

17  Garegg PJ, Lindberg B, Norberg T (1979) Acta Chem Scand B33:449-52.

18 Lemieux RU, Ratcliffe RM (1979) Can ] Chem 57:1244-51.

19 Haraldsson M, Lonn H, Norberg T (1987) Glycoconjugate ] 4:225-29.

18



20

21
22

23
24
25
26
30

Garegg PJ, Konradsson P, Kvarnstrom I, Norberg T, Svensson SCT, Wigilius B (1985)
Acta Chem Scand B39:569-77.

Hendrickson JB, Kandall C (1970) Tetrahedron Lett 343-44.

Chang C-D, Waki M, Ahmad M, Meinhofer ], Lundell EO, Haug ] (1980) Int | Pept
Protein Res 15:59-66.

Clark JH, Miller M (1977) Tetrahedron Lett 599-602.

Kunz H, Birnbach S (1986) Angew Chem Int Edn Engl 25:360-62.

Rosen T, Lico IM, Chu DTW (1988} } Org Chem 53:1580-82.

Paulsen H, Holck J-P (1982) Carbohydr Res 109:89-107.

Paulsen H, Paal M (1984) Carbohydr Res 135:71-84,

19



