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Glycosidase-mediated coupling of glycal acceptors with galactose donors affords £1,3-linked
disaccharides that are versatile intermediates for further chemical and enzymatic manipulation.
The utility of these disaccharides is demonstrated by the elaboration of these compounds into the
type I and type IV core disaccharides of carbohydrate-containing antigens. Further conversion of
the type IV disaccharide to a mucin-type trisaccharide (Gal31,3(GleNAcgS1,6)GalNAc) was accom-
plished with the use of a 81,6-N-acetylglucosaminyltransferase. This combined use of enzymatic and
chemical methodologies allows for the rapid assembly, with high regio- and stereoselectivity, of core
oligosaccharides of biologically important glycoconjugates.

Introduction

The galactosyl 81,3-linkage is an important structural
motif of many complex carbohydrates with significant
biological functions (Figure 1).2 As such, there exists a
clear interest in the development of strategies to assemble
these molecules and analogs in a rapid and efficient
manner.? As part of our continuing studies in the use of
enzymes in organic synthesis, we have developed strategies
for the formation of glycosidic linkages with a minimal
use of protecting groups through the employment of
glycosidases and glycosyltransferases.#® There is, how-
ever, no $1,3-galactosyltransferase available for the en-
zymatic synthesis of these molecules. We turned our
attention to the use of 3-galactosidase and glycal acceptors.

Glycal disaccharides have been shown to be valuable
intermediates in the synthesis of complex natural and
unnatural oligosaccharides.et7 While conventional syn-
thesis of oligosaccharides involves a measure of flexibility
in terms of the variety of monosaccharide synthons that
may be employed, this strategy often involves multiple
protection and functional group manipulation steps in
order to form regio- and stereospecific linkages. We have
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recently reported the facile glycosidase-mediated synthesis
of 81,3-linked disaccharides using glycals as acceptors
(Figure 2).5 The appeal of this methodology is that
versatile 81,3-linked compounds can be formed in good
yields with few protecting groups from commercially
available material. We now report our further studies of
enzymatic glycosylation and the elaboration of the prod-
ucts into the core disaccharides of carbohydrate antigens
and the further use of a 81,6-N-acetylglucosaminyltrans-
ferase to prepare a core trisaccharide of a mucin-type
antigen.

Results and Discussion

Subtilisin-Mediated Acetylation. Our preliminary
studies indicated that 6-O-acetylated glycals were good
acceptors for galactosidase-mediated glycosylation reac-
tions.5 Previously, Holla had employed lipases in the
preparation of 6-O-acetylated glucal 2a and galactal 2b.8°
Subtilisin BPN’ and some of its engineered variants with
improved stability in dimethylformamide have also been
used in the selective acetylation of carbohydrates.’® We
have determined that Subtilisin can be employed in the
acetylation of glycals as well as 2-acetamido-2-deoxy sugars
(Scheme I).

Galactosidase-Mediated Coupling. Of the large
variety of enzymes studied for their ability to use glycals
as acceptors, 8-galactosidase from E. coli has proven the
most amenable to this methodology. Asreported earlier,’
6-0-acetyl glucal 2a was accepted by the enzyme in
coupling to p-NO,-Ph-§-galactopyranoside, affording ex-
clusively the 81,3-linked disaccharide 5a (Scheme II).
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Figure 1. Examples of glycoconjugates possessing a galactosyl 81,3-disaccharide motif.
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Figure 2. Enzymatic strategy to form galactosyl 81,3-linked disaccharides.

Scheme I. Subtilisin-Catalyzed Acetylation of
Monosaccharides with Vinyl Acetate
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While galactal was an inhibitor of 8-galactosidase,1l:12
the enzyme-catalyzed reaction of p-NO;-Ph-§-galactopy-
ranoside with 6-O-acetyl galactal 2b produced the 81,3-
linked disaccharide 5b in 42% yield (Scheme II). As
observed earlier for the glucal case,® the product disac-
charide displays product inhibition, thus attenuating the
yield of 5b. Disaccharide 5b may be isolated, however the
peracetylated derivative 6b proved easier to purify and
characterize. The 81,3-linkage of the disaccharide (mono-
or peracetylated) was determined by 2D NMR experiments
as described in the Experimental Section. Disaccharide
6b is an intermediate used by the Sinay group in the
synthesis of the T-antigen.”

The acetylated monosaccharides 4a and 4b proved to
be poor acceptors for the 8-galactosidase, giving mixtures
of compounds with hydrolysis of the donor p-NOy-Ph-8-

(11) Lee, Y. C. Biochem. Biophys. Res. Commun. 1969, 35, 161.
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acceptor for galactosidase at higher concentrations, see: ref 6f.

galactopyranoside being the major reaction pathway. While
lactose proved to be a galactose donor, the reaction was
complicated by additional monosaccharide products, thus
rendering impractical the use of this disaccharide as a
substrate.

As an example of the utility of the glycal disaccharides,
the peracetylated compounds 6a and 6b were converted
by the known route of azidonitration,!? reduction, and
N-acetylation to the protected type I and type IV
disaccharides, respectively. Whereas azidonitration of 6a
afforded an approximately 1:1 ratio of manno- to gluco-
products, this reaction process performed on 6b afforded
exclusively the galacto-product. The manno- and gluco-
products were separated after the reduction/acetylation
steps. The unoptimized azidonitration-reduction se-
quence is somewhat poor, giving low yields of desired
disaccharides 7a and 7b. Deprotection afforded the free
sugars which are substrates for further enzymatic ma-
nipulation.14

N-Acetylglucosaminyltransferase-Mediated Cou-
pling. To further demonstrate the utility of enzymes in
carbohydrate synthesis, we explored the use of the recently
isolated 81,6-N-acetylglucosaminyltransferase.l® This en-
zyme is responsible for the transfer of N-acetylglucosamine
to the 6-hydroxy position of either the N-acetylgalac-
tosamine or galactose-reducing terminus of mucin-type
oligosaccharides.!%16 During our studies of glycosyltrans-
ferase-mediated oligosaccharide syntheses with in situ
cofactor formation, we explored UDP-GlcNac regenera-
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Scheme II.* Chemical and Enzymatic Synthesis of the Type I and Type IV Disaccharides
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tion. Insucharegenerationsystem, GlcNAc-1-P and UTP
are converted to UDP-GIcNAc and inorganic pyrophos-
phate in the presence of UDP-GlcNAc pyrophosphorylase.
The formed UDP-GlcNAc is consumed by GleNAc trans-
ferase and the released UDP is converted to UTP by
pyruvate kinase in the presence of phospho(enol)pyruvate.

In preliminary experiments, crude yeast cell extracts
were used as the source of UDP-GlcNAc pyrophospho-
rylase in a “one pot” system (Figure 3).* However, this
enzyme system proved problematic due to the presence
of phosphatases that gradually degraded the phosphate-
containing species (UDP-GIcNAc, GleNAc-1-P, UDP,
UTP) in the reaction mixture and led to a low-yield
product.

The difficulties encountered with the cell extract system
were circumvented with the utilization of whole yeast cells
in astepwise syntheticsequence (Scheme ITI). Under these
reaction conditions, the formed UDP-GlcNAc was found
to be stable. After the formation of UDP-GlcNAc, as
judged by TLC (10 h), the acceptor 7b and 81,6-N-
acetylglucosaminyltransferase were added to the reaction
mixture, and the desired trisaccharide 8 was subsequently
isolated. We are currently examining conditions to obtain
pure UDP-GlcNac pyrophosphorylase from the yeast
lysate in order to effectively utilize the in situ regeneration
system for UDP-GlcNAc.
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Scheme IV. Deacetylation of Glycal Disaccharides
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The free glycal disaccharides can be readily prepared
from the peracetylated species, 6a and 6b (Scheme IV).
Compound 9a has been used for enzymatic halohydration
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using chloroperoxidase,” and compound 9b is being
studied as a substrate for 81,6-N-acetylglucosaminyl-
transferase.

Conclusions

We have demonstrated the utility of galactosidase in
the efficient formation of useful glycal disaccharides with
complete regio- and stereofidelity. These glycal disac-
charides have been converted in a series of straightforward
transformations to the important type I and type IV core
disaccharides. Inaddition, a mucin-type trisaccharide has
been formed using 81,6-N-acetylglucosaminyltransferase
on the chemoenzymatically prepared disaccharide 7b. The
core trisaccharide 8 can be further fucosylated utilizing
an al,2-fucosyltransferasel” to form a complex mucin-
type tetrasaccharide structure.

Experimental Section

General Experimental Details. Reagents were used as
purchased without further purification. Saccharomyces cere-
visiae yeast cells, pyruvate kinase, and Escherichia coli 8-ga-
lactosidase were purchased from Sigma. Bovine $-1,6-N-
acetylglucosaminyltransferase was isolated as described previously
and used as a crude cell extract.!® The following chemical and
enzyme abbreviations are used in the experimental section:
PIPES = piperazine-N,N’-bis(2-ethanesulfonic acid), HEPES
= N-(2-hydroxyethyl)piperazine-N’-(2-ethanesulfonic acid), EDTA
= ethylenediaminetetraacetic acid, PEP = phospho(enol)pyru-
vate; PK = pyruvate kinase (EC 2.7.1.40), DTT = pL-dithio-
threitol, PMSF = phenylmethylsulfonyl fluoride, 'H NMR
spectra run in DO were measured using HOD as the internal
standard with a chemical shift of 4.68 ppm. *C NMR spectra
run in D,0 were measured using CHsCN as an internal standard
with the chemical shift of the methyl group at 1.3 ppm.

6-O-Acetyl-D-arabino-hex-1-enitol (2a).® In a typical pro-
cedure, a mixture of glucal (2.68 g, 18.3 mmol), DMF (90 mL),
vinyl acetate (60 mL), and PIPES/EDTA/NaOAc buffer (3 mL,
ofa0.07, 0.1, 0.2 M solution, pH 6.5) were treated with Subtilisin
BPN’ (1.00 g, 8100 U). After 24 h, the mixture was filtered and
concentrated. The residue was purified by silica gel column
chromatography (CHCl3/MeOH 10:1) to afford 2a (2.67 g, 77%)
as a pale yellow oil: 'H NMR (500 MHz, CDCl,) § 6.34 (dd, J
= 1.7, 6.0 Hz, 1H, H-1), 4.76 (dd, J = 2.1, 6.1 Hz, 1H, H-2), 4.56
(dd, J = 4.2, 12.4 Hz, 1H, H-6a), 4.35 (dd, J = 2.3, 12.4, Hz, 1H,
H-6b), 4.30 (dt, J = 1.9, 7.3 Hz, 1H, H-3), 3.92 (ddd, J = 2.3, 4.2,
10.2 Hz, 1H, H-5), 3.57 (dd, J = 7.4, 10.2 Hz, 1H, H-4), 2.15 (s,
3H, CHj); 13C NMR (125 MHz, CDClg) 172.1, 144.0, 102.8, 76.0,
69.5, 69.4,62.7, 20.7; IR (film) 3389, 2917, 1738, 1658, 1443, 1372,
1230 cm-1; HRMS (LSIMS, Nal) m/e 211.0582 (211.0582 caled
for CgH;505Na, M + Nat), [alp = -27° (¢ = 0.33, H20).

6-O-Acetyl-D-lyxo-hex-1-enitol (2b).* This compound was
prepared following the procedure for the preparation of 2a: yield
=91%; 'H NMR (500 MHz, CDCly) 6 6.40 (dd, J = 1.3, 6.2 Hz,
1H, H-1), 4.75-4.73 (m, 1H, H-2), 4.43-4.40 (m, 2H, H-3 and
H-6a), 4.33 (dd, J = 7.3, 11.7 Hz, 1H, H-6b), 4.10 (app t,J = 6.3
Hz, 1H, H-5), 3.92 (br s, 1H, H-4), 2.77 (br 5, 1H, OH), 2.65 (br
s, 1H, OH), 2.12 (s, 3H, CHjy); C NMR (125 MHz, CDCly) &
171.1, 144.0, 103.1, 74.3, 65.1, 63.8, 20.7; IR (film) 3417, 2905,
1738, 1650, 1372, 1228, 1154, 1073, 1035 cm-1; HRMS (LSIMS,
Nal) m/e 211.0582 (211.0582 caled for CsH1205Na, M + Na*);
[alp = -3° (¢ = 3.1, CHCly).

2-Acetamido-6-O-acetyl-2-deoxy-D-glucopyranose (4a).
This compound was prepared following the procedure for the
preparation of 2a: recystallized from MeOH/CHCl;; yield =83 %
as a 6.5:1 mixture of o and 8 anomers. Data for o anomer: 'H
NMR (500 MHz, D,0) § 5.03 (d, J = 3.5 Hz, 1H, H-1), 4.19 (2H,
H-6), 3.91-3.88 (m, 1H, H-5),3.74 (dd, J = 3.6, 10.8 Hz, 1H, H-2),
3.61 (t, J = 9.3 Hz, 1H, H-3), 3.39 (t, J = 9.5 Hz, 1H, H-4), 1.97
and 1.89 (s, 3H each, CHjy); 1*C NMR (125 MHz, D;0) 6 155.6,

(17) Cheng, P.-W,; DeVries, A. Carbohydr. Res. 1986, 149, 253.
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155.3, 72.0, 54.7, 51.1, 50.4, 44.6, 35.1, 3.0; HRMS (LSIMS, CsI)
m/e 396.0059 (396.0059 calcd for C,,H;7NO,Cs, M + Cs*); mp
167.5-169° dec; [alp = +62.5° (¢ = 0.16, H,0).

2-Acetamido-6- O-acetyl-2-deoxy-D-galactopyranose (4b).
This compound was prepared following the procedure for the
preparation of 2a: recrystallized from MeOH/CHCl,, yield =
86% as a 2:1 mixture of a and 8 anomers. Data for mixture of
anomers: 'H NMR (500 MHz, D;0) § 5.08 (d, J = 3.3 Hz, H-1
a-anomer), 4.50 (dd, J = 2.7, 8.3 Hz, H-1 $-anomer), 4.16-4.06
(m contains H-6a,b), 4.00-3.94 (m, contains H-2 as dd, J = 3.3,
11.1 Hz), 3.89-3.71 9m, contains H-3), 3.64-3.55 (m, contains
H-5), 2.05 and 1.98 (s each, CHy); 13C NMR (125 MHz, D;0) §
160.3,155.1, 76.4, 72.1, 56.2, 53.5, 52.2, 51.9, 51.6, 49.6, 49.1, 48.9,
48.4, 48.2, 45.3, 45.0, 42.3, 42.0, 34.7, 34.6, 31.3, 31.2, 3.1, 3.0, 1.3;
HRMS (LSIMS, Nal) m/e 286.0903 (286.09083 calcd for CioHyr-
NO;Na, M + Na*), [alp = +91.7° (¢ = 0.12, H;0).

D-Galactopyranosyl-g8-(1,3)-6-O-acetyl-D-Iyxo-hex-1-eni-
tol (5b). Inthe manner described previously,’ a solution of 6-0-
acetyl galactal 2b (72.3 mg, 0.38 mmol) and g8-4-nitrophenyl
galactopyranoside (79.8 mg, 0.26 mmol) was prepared in 0.07 M
PIPES-0.1 M NaOAc—0.2 M EDTA solution (3 mL) and acetone
(100 uL) at 23 °C. B-Galactosidase (E. coli, 75 U) was added and
the reaction mixture was maintained for 26 h. The mixture was
purified (silica gel, 5:2:2 CHCl;-MeOH-EtOAc) to afford §b (38
mg, 42%) and recovered 2b (39 mg, 54%): 'H NMR (500 MHz,
D.0) 5 6.31 (dd, J = 1.8, 6.3 Hz, 1H, H-1 galactal), 4.74 (dt, J =
1.9, 6.3 Hz, 1H, H-2 galactal), 4.49-4.48 (m, 1H, H-3 galactal),
4.42(d,J="7.8Hz,1H, H-1Gal), 4.25-4.17 (m, 2H, H-6a galactal),
4.15(dd,J =4.1,8.1 Hz, 1H, H-5 galactal), 4.11-4.10 (m, 1H, H-4
galactal), 3.79 (br d, J = 3.1 Hz, 1H, H-4 Gal), 3.66-3.569 (m, 2H,
H-6b Gal), 3.38-3.55 (m, 1H, H-5 Gal), 3.52 (dd, J = 3.4, 9.9 Hz,
1H, H-3 Gal), 3.51-3.45 (m, 1H, H-2 Gal), 1.98 (s, 3H, C(0)CHy);
13C NMR (125 MHz, D,0) § 164.4, 144.7, 102.9, 102.9, 75.6, 74.6,
738.1,73.1,71.1, 69.1, 64.6, 61.4, 49.3, 20.7; HRMS (LSIMS, Nal)
m/e 373.1122 (373.1111 caled for C,(H200,0Na, M + Na*).

The assignments for H-3 and H-4 of the galactal portion of the
molecule were determined through DQF COSY 'H NMR
experiments as evidenced by long-range coupling of H-1 (at ¢
6.49) with H-3 (at § 4.67-4.66) but not H-4 (at § 4.29-4.28). The
linkage was assigned based on the strong downfield shift of H-4
galactal to § 5.3 versus the slight shift of H-3 to & 4.5 upon per-
8—aéetylation of the disaccharide (These spectra were run in

DCly).

Compound 5b was per-O-acetylated to 6b with pyridine and
acetic anhydride. 6b: 'H NMR (500 MHz, CDCl;) é 6.41 (d, J
= 6.4 Hz, 1H, H-1 galactal), 5.37 (d, J = 3.4 Hz, 1H, H-4 Gal),
5.34 (m, 1H, H-4 galactal), 5.18 (dd, J = 8.0, 10.4 Hz, 1H, H-2
Gal), 5.01 (dd, J = 3.4, 10.5 Hz, 1H, H-3 Gal), 4.81 (dd, J = 2.9,
6.3 Hz, 1H, H-2 galactal), 4.58 (d, J = 7.9 Hz, 1H, H-1 Gal), 4.556
(m, 1H, H-3 galactal), 4.28-4.20 (m, 3H, H-5, H-6a galactal),
4.15-4.07 (m, 3H, H-6b Gal), 3.88 (t, J = 6.7 Hz, 1H, H-5 Gal);
13C NMR (125 MHz, CDCly) § 170.6, 170.3, 170.2, 170.2, 169.3,
144.9, 99.3, 98.8, 73.3, 70.8, 70.8, 68.5, 67.9, 66.9, 65.4, 62.3, 61.2,
29.7,20.8, 20.8,20.7, 20.6; IR (film) 1747, 1645, 1371 cm-!; HRMS
(LSIMS, Nal) m/e 583.1668 (583.1639 calcd for C(H301sNa, M
+ Na*); [alp = -13° (¢ = 1.28, CHCly) (lit.” [a]p = -3°).

D-Galactopyranosyl-§-(1,3)-2-acetamido-2-deoxy-p-galac-
topyranose (7b). Following the procedure of Lemieux,!® a
solution of 6b (90 mg, 0.16 mmol) in CHsCN (5 mL) was added
dropwise to a mixture of NaNj (16 mg, 0.2 mmol) and Ce(NH,)z-
(NOg)s (320 mg, 0.6 mmol) at —23 °C under argon. The reaction
mixture was allowed to warm to room temperature and main-
tained for 14 h whereupon the starting material had been
consumed as evidenced by TLC (1:1 EtOAc-hexanes). The
solution was poured into ice-water and extracted with EtOAc,
washed with water and brine, dried (MgSO0y), and concentrated.
The residue was used directly for the next reaction without
purification. The residue was dissolved in acetic acid (56 mL)
and treated wtih anhydrous NaOAc (65 mg, 1.2 mmol). The
reaction mixture was warmed to 100 °C and maintained overnight.
The mixture was cooled, diluted with EtQAc, rinsed with water
and saturated NaHCO,/brine, dried (MgS0,), and concentrated.
The crude material was used for the next step without further
purification: IR (film) 2114, 1747, 1369, 1222, 1059 cm-!; HRMS
(LSIMS, CsI) m/e 794.0997 (794.1021 caled for CoeHgsN3017Cs,
M + Cs*).
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A solution of the crude azido compound (100 mg) in Ac,O (6
mL) was hydrogenated over Pd-C (25 mg) under a Hyatmosphere
(1 atm). After 14 h, the solution was filtered and concentrated
to afford the peracetylated acetamido derivative of 7b (56 mg,
52% from 6b) which was a mixture of anomers: IR (film) 2924,
2854, 1747, 1371, 1225, 1053 cm-1; HRMS (LSIMS, CsI) m/e
810.1229 (810.1221 caled for CosHggO1sNCs, M + Cs*).

The above compound (10 mg, 0.015 mmol) was dissolved in a
1 M solution of ammoniain MeOH (2 mL). The reaction mixture
was maintained at room temperature for 12 h, whereupon the
starting material has been consumed as evidenced by TLC. The
reaction mixture was concentrated and purified by gel filtration
(Bio Gel P-2, H;0) to afford 9b as a white amorphous solid (4.8
mg, 83%) which was a 1:1 mixture of « and 8 isomers: H NMR
(500 MHz, D;0) § 5.07 (d, J = 3.7 Hz, H-1 GalNAc a-anomer),
4.55 (d, J = 8.6 Hz, H-1 GalNAc §-anomer), 4.35 and 4.29 (d each,
J=17.8Hz, H-1Gal), 4.16 (d,J = 3.7, 11.1 Hz, H-2 GalNAc), 4.11
(m), 4.04 (m), 4.0 (t,J = 5.7 Hz), 3.89 (dd, J = 3.1, 11.2 Hz, H-3
GalNAc), 3.77-3.76 (m, contains H-4 Gal), 3.72 (dd, J = 3.1, 11.0
Hz), 3.64-3.58 (m), 3.57-3.53 (m, H-5 Gal), 3.52-3.46 (m, H-3
Gal), 3.40-3.36 (m, H-2 Gal), 1.89 and 1.88 (s each, C(O)CHy);
13C NMR (125 MHz, D;0) 6 175.4, 175.1, 105.3. 105.1, 95.6, 91.6,
80.5, 77.5, 75.4, 75.3, 73.0, 71.1, 71.0, 70.6, 69.2, 69.0, 68.5, 61.6,
61.4, 52.9, 49.4, 22.7, 22.5; HRMS (LSIMS, Nal) m/e 406.1325
(406.1325 (caled for C14H250,:NNa, M + Na*); [alp = +45° (¢
= 0.22, H;0). This data corresponds to that of an authentic
sample purchased from Sigma Chemical Co..

2,3,4,6-Tetra-O-acetyl-D-galactopyranosyl-g-(1,3)-4,6-di-
O-acetyl-D-arabino-hex-1-enitol (6a). This compound was
prepared in 50% yield as described previously:® *H NMR (500
MHz, CDCl;) 4 6.48 (d, J = 6.37 Hz, 1H, H-1 glucal), 5.39 (d, J
= 3.4 Hz, 1H, H-4 Gal), 5.23 (app t, J = 3.7 Hz, 1H, H-4 glucal),
5.17 (dd, J = 7.9, 10.4 Hz, 1H, H-2 Gal), 5.02 (dd, J = 3.4, 10.4
Hz, 1H, H-3 Gal), 4.87 (app t, J = 5.5 Hz, 1H, H-2 glucal), 4.66
d,J =7.9Hz, 1H, H-1 Gal), 4.41 (dd,J = 8.1,12.1 Hz, 1H, H-6a
glucal), 4.36-4.34 (m, 1H, H-3 glucal), 4.19-4.08 (m, 4H, Gal
H-6a,b, H-5,6b glucal), 3.93 (app t,J = 6.7 Hz, 1H, H-5 Gal), 2.17,
2.09, 2.09, 2.06, 2.05, 1.98 (s, 3H each, 6 X C(0)CHjy); 13C NMR
(125 MHz, CDCly) 6 170.5, 170.4, 170.3, 170.1, 169.5, 169.3, 145.2,
99.1, 97.1, 73.8, 70.9, 70.8, 69.3, 68.7, 67.9, 66.9, 61.5, 61.2, 29.7,
20.9, 20.8, 20.7, 20.7, 20.5; IR (film) 1747, 1650, 1370 cm-}; HRMS
(LSIMS, Nal) 583.1639 (583.1639 calcd for Cy4H30015Na, M +
Nat); [alp = -22° (¢ = 1.08, CHCly).

p-Galactopyranosyl-g8-(1,3)-2-acetamido-2-deoxy-pD-glu-
copyranose 7a. This compound was prepared from 6a (300 mg,
0.54 mmol) in the same manner as for 7b. A 1.4:1 ratio of gluco-
to manno-products was formed at the azidonitration stage. The
gluco-product was separated after acetate displacement of the
nitrated azido species (96 mg, 26%): IR (film) 2113, 1747, 1369,
1222, 1056 cm-1; HRMS (LSIMS, CsI) m/e 794.1000 (794.1021
caled for CgHgsN3O1:Cs M + Cs*). The azido product was
reduced as described for 7b to afford the acetylated derivative
of Ta (42mg,43%). Peracylated 7a: 'H NMR (500 MHz, CDCl;)
$6.07 (d, J = 3.8 Hz, H-1 GlcNAc a-anomer), 5.86 (d, J = 7.8 Hz)
and 5.76 (d, J = 8.6 Hz, NH), 5.48 (d, J = 9.7 Hz, H-1 GIlcNAc
B-anomer), 5.37-5.36 (m), 5.09-5.03 (m), 5.02-4.96 (m), 4.61 (d,
J =17.7Hz, H-1 Gal), 4.55 (dt, J = 3.1, 9.9 Hz, H-2 GIcNAc), 4.26
(dd), 4.22 (dd, J = 4.4, 12.6 Hz), 4.18-4.14 (m), 4.10-4.06 (m),
4.04-4.00 (m), 3.96-3.89 (m), 2.22, 2.22, 2.16, 2.16, 2.09, 2.09, 2.08,
2.08, 2.08, 2.08, 2.06, 2.03, 2.03, 1.99 (s each, C(0)CHjy); 1*C NMR
(125 MHz, CDCl,) 4 170.8, 170.8,170.1, 169.6, 169.5, 169.0, 100.9,
91.7, 91.2, 75.7, 72.7, 70.9, 70.8, 70.6, 70.2, 69.8, 69.1, 69.0, 68.2,
66.8, 66.6, 62.2, 61.7, 61.0, 60.8, 51.1, 29.7, 23.3, 21.0, 20.7, 20.6,
20.5; HRMS (LSIMS, CsI) m/e 810.1229 (810.1221 caled for
C2sHg018NCs, M + Cs*).

Compound 7a was isolated as a 2.8:1 mixture of « and 8 anomers
(21 mg, 98%): 'H NMR (500 MHz, D;0) 6 5.02 (d, J = 3.5 Hz,
H-1 GlcNAc¢ a anomer), 4.59 (d, J = 7.7 Hz, H-1 GlcNAc 38
anomer), 4.31 and 4.27 (d each, J = 7.8 Hz, 1H, H-1 Gal), 3.91
(dd, J = 3.5, 10.6 Hz, H-2 GlecNAc), 3.79-3.70 (m, includes H-3
GlcNAc), 3.68-3.56 (m), 3.48 (dt, J = 3.3, 10.0 Hz, H-4 GlcNAc¢),
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3.43 (t, J = 9.3 Hz), 3.41-3.35 (m, H-2 Gal), 1.88 (s, 3H, C(0)-
CHy); 3C NMR (125 MHz, CDCly) é 175.2, 175.0, 104.0, 103.9,
95.2, 91.5, 83.1, 80.6, 75.9, 75.7, 75.7, 73.0, 73.0, 71.7, 71.2, 71.1,
69.2, 69.1, 69.9, 61.5, 61.2, 61.0, 56.1, 53.3, 22.7, 22.4; HRMS
(LSIMS, Nal) m/e 406.1325 (406.1325 calcd for C,4H2501,NNa,
M + Na*); [alp = +8.3° (¢ = 0.36, H20). This data is consistent
with that previously reported.i®

Formation of Trisaccharide 8. A solution of GlcNAc-1-P
(25 mg, 73 umol), UDP (35 mg, 78 umol), PEP Nag salt (20 mg,
85 ummol), EDTA (3 mM), and MgCl; (5 mM) in HEPES (100
mM, 5 mL) was adjusted to pH 7.5 with 1 N NaOH. To this
solution were added freeze-dried yeast cells (50 mg) and PK (200
U). The mixture was gently stirred for 10 h at 23 °C under an
argon atmosphere. After the formation of UDP-GlcNAc was
observed as evidenced by TLC (iPrOH/H;O/NH,OH 7:3:1), 7Tb
(10 mg, 26 mmol), leupeptin (0.5 mg/mL), pepstatin (0.7 mg/
mL), Tween 20 (a detergent) (50 uL), DTT (3.8 mg), PMSF (0.2
mM), and GleNAcTase-containing crude cell extract!® (100 mg)
were added to the mixture. The reaction was maintained for 2
days under an argon atmosphere, concentrated, and chromato-
graphed on silica gel (EtOAc/AcOH/water 3:2:1) followed by Bio
Gel P-2 filtration with water to afford 7 (2.7 mg, 6.3%), after
lyophilization, as a 5:4 mixture of o and § anomers: 'H NMR
(500 MHz, D;0) (partial) § 5.14 (d, J = 3.7 Hz, H-1a of GalNAc),
4.61 (d, J = 8.5 Hz, H-18 of GalNAc), 4.52 (d, J = 8.5 Hz, H-1
of GlcNAc), 4.51 (d, J = 8.5 Hz, H-1 of GlcNAc), 4.43 (d,J = 7.8
Hz, H-1 of Gal), 4.38 (d, J = 7.8 Hz, H-1 of Gal), 1.99, 1.99, 1.98,
1.97 (s, 3H each, NAc); HRMS (LSIMS, Nal) m/e 609.2119
(609.2119 caled for C2oH3sN2016Na, M + Na*). This data is in
agreement with that previously reported.!®

D-Galactopyranosyl-8-(1,3)-D-Iyxo-hex-1-enitol (9b). Com-
pound 6b (50 mg, 0.09 mmol) was dissolved in a 1 M solution of
ammonia in MeOH (10 mL) at room temperature. The reaction
was maintained for 24 h whereupon nostarting material remained
asevidenced by TLC (2:3 EtOAc-hexanes). Thereaction mixture
was concentrated and purified by gel filtration chromatography
(Bio-Gel P-2) with Hz0 as the eluant to afford 9b (23 mg, 83%)
as a white amorphous solid: *H NMR (500 MHz, D,0) 56.30 (dd,
J=1.6,6.2Hz, 1H, H-1 galactal), 4.46 (m, 1H, H-2 galactal), 4.39
(d,J =7.8Hz, 1H, H-1 Gal), 4.03~4.02 (m, 1H, H-3 galactal), 3.91
(dd,J =4.5,8.2 Hz, 1H, H-4 galactal), 3.76 (m, 1H, H-4 Gal), 3.69
(dd, J = 8.2, 11.2 Hz, 1H, H-5 Galactal), 3.66-3.58 (m, 4H, H-6
galactal and Gal), 3.54-3.52 (m, 1H, H-5 Gal), 3.49 (dd, J = 3.3,
10.0 Hz, 1H, H-3 Gal), 3.39 (dd, J = 7.8, 9.9 Hz, 1H, H-2 Gal);
13C NMR (125 MHz, D;0) é 145.2, 102.9, 100.6, 77.3, 75.6, 73.5,
73.2,71.2,69.1,64.7,61.8,61.5; HRMS (LSIMS, Nal) m/e 331.1005
(338.1005 caled for C1oHOpNa, M + Na*); [alp = -10°, (¢ = 0.2,
H,0).

D-Galactopyranosyl-8-(1,3)-D-arabino-hex-1-enitol (9a).
Compound 9a was prepared from 6a (570 mg, 1.0 mmol) following
the procedure used for the preparation of 9b. The reaction
mixture was concentrated in vacuo to afford 9a (300 mg, 97%)
as a white amorphous solid: 'H NMR (500 MHz, D;0) 4 6.35 (d,
J = 6.2 Hz, 1H, H-1 glucal), 4.81 (dd, J = 2.7, 6.2 Hz, 1H, H-2
glucal), 4.42 (d, J = 7.9 Hz, 1H, H-1 Gal), 4.27-4.26 m 1H, H-3
glucal), 3.84-3.81 (m, 1H), 3.79-3.77 (m, 2H, H-4 glucal and H-4
Gal), 3.76-3.75 (m, 2H), 3.68-3.63 (m, 2H), 3.61-3.57 (m, 1H),
3.53 (dd, J = 3.5, 9.6 Hz, 1H, H-3 Gal), 3.39 (dd, J = 7.9, 9.9 Hz,
1H, H-2 Gal); 13C NMR (125 MHz, D,;0) é 145.2, 101.8, 100.1,
78.4,77.1,75.8,73.2, 71.1, 69.0, 67.4, 61.5, 60.4; HRMS (LSIMS,
Nal) m/e 331.1005 (331.1005 caled for C12H200sNa, M + Nat);
[alp = ~21° (¢ = 0.28, H,0).

Supplementary Material Available: Copies of NMR
spectra (21 pages). This material is contained in libraries on
microfiche, immediately follows this article in the microfilm
version of the journal, and can be ordered from the ACS; see any
current masthead page for ordering information.
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