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Abstract

N-Acetylglucosaminyltransferase-V is an important enzyme controlling the branching
pattern of N-linked oligosaccharides. This enzyme recognizes the trisaccharide octyl 2-
acetamido-2-deoxy-B-D-glucopyranosyl-(1 — 2)-a-D-mannopyranosyl-(1 — 6)-B-D-glucopyra-
noside (5) as a substrate and adds a B-linked GlcNAc residue to OH-6 of the central a-Man
unit. Eight analogs of 5§ were chemically synthesized where C-6 of the @-Man residue in §
was deoxygenated, and structurally diverse modifications were introduced at C-4 of the same
residue. The key intermediate prepared for this purpose was octyl 2-acetamido-2-deoxy-S3-D-
glucopyranosyl-(1 — 2)-4-amino-4,6-dideoxy-a-pD-mannopyranosyl-(1 — 6)-B-b-glucopyrano-
side (7a) where the original 4'-amino group was readily derivatized on the unprotected sugar.
The eight analogs 7a—7h were evaluated as inhibitors for GIcNAcT-V, both isolated (from
hamster kidney) and cloned (from rat kidney). All of the compounds were found to be
competitive inhibitors with K, in the range of 3—106 M. The conclusion of this work is that
recognition of acceptor 5 does not involve contact of the C-6—C-4 end of the a-Man residue
with the protein in the E~I (or E-S) complex. © 1997 Published by Elsevier Science Ltd.

Kevwords: N-Acetylglucosaminyltransferase-V; Enzyme inhibitors; Trisaccharide analogs

1. Introduction

UDP-GIcNAc: a-mannoside  8-(1 — 6)-N-
acetylglucosaminyltransferase V (GIcNAcT-V, EC
2.4.1.155) is an important enzyme controlling the
branching pattern of asparagine-linked oligosaccha-
rides [1,2]. A direct correlation between an increase
in the activity of this enzyme and the increased
metastatic potential of several cancer cell lines has

" Corresponding author.

been reported [3-5]. This enzyme has consequently
become a target for the development of a glycosyl-
transferase inhibitor.

Biosynthetically, GIcNAcT-V catalyzes the trans-
fer of an N-acetyl-D-glucosamine (GlcNAc) residue
from uridine 5'-diphospho-GlcNAc (UDP-GlcNAc)
to oligosaccharide acceptors having the minimum
heptasaccharide sequence 1 (Scheme 1), converting it
to the corresponding octasaccharide 2 [1,2]. Previous
work has shown that the much simpler synthetic
trisaccharide 3, which is a partial structure of 1, is
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also an effective substrate for the enzyme yielding
the expected tetrasaccharide 4 [6]. It was also found
that trisaccharide 5, the S-D-gluco analog of 3, was
an excellent acceptor [7]. The aliphatic aglycones in 3
and 5 were incorporated into these structures in order
to facilitate the enzyme assay procedures [8].

HO
HO O(CHz),CHjz

OH
5. R, =R,=OH

6: R, =H, Ry=OH
7a:R, =H, R, =NH,

The 6'-deoxy-derivative 6 of trisaccharide 5§, where
the reactive 6'-OH had been removed, was the first
reported inhibitor specific for a glycosyltransferase
and had a K, value in the range 30-77 uM depend-
ing on the source of the enzyme [9,10]. It was later
found that substitutions at both C-6 [11] and O-4 [12]
of the @-Man residue were tolerated by the enzyme

BGIcNAc(1-2)aMan(1—6)
1:

BGlcNAc(1—»2)aMan(1—3)

and could lead to enhancements of affinity approach-
ing the uM level. In the present work, we examine
the tolerance of GlcNACT-V to substitution at C-4 of
the a-Man residue by preparing a series of struc-
turally diverse derivatives 7a—7h. In all of these
compounds, C-6 of the a-Man residue has been
deoxygenated so that the compounds are of necessity
only potential inhibitors, not potential acceptors, in
order to simplify their evaluation as ligands for Glc-
NAcT-V. In order to simplify the preparation of the
required series of active-site probes, an amino group
was installed at C-4 of the «-Man residue. The
distinct chemical reactivity of this amino group per-
mitted the facile derivation of a single deprotected
trisaccharide 7a to yield the required target analogs
using simple high-yielding synthetic procedures pre-
viously described [11].

2. Results and discussion

Compound 8, the key building block used for the
synthesis of trisaccharide 7a, was synthesized from
methyl a-D-mannopyranoside using a published pro-
cedure [13]. The coupling of 8 and alcohol 9 [7] using
silver trifluoromethanesulfonate (AgOTf) as promo-
tor gave the a-linked disaccharide 11 in 68% yield

BMan(1-54)BGIcNAc(1-4)BGIcNAc-Asn

GleNAcT-V \ UDP-GIcNAc*

*BGIcNAc(1-6)

2, BGIcNAc(1—2)oMan(1-56)

BGlcNAc(152)aMan(1-3)

BGIcNAc(1—-2)aMan(1—6)

BMan(1—4)BGIcNAc(1—4)BGIcNAc-Asn

BMan-O-(CH,)sCOOMe

GleNAcT-V l UDP-GleNAc*

*BGIcNAC(1—6)

BGlIcNAc(1—2)oeMan(1—-6)

BMan-0O-(CH,)3COOMe

BGIcNAC(1-2)aMan(156)
BGle-0-(CH,);CH;

Scheme 1. Glycosylation reactions catalyzed by GlcNAcT-V.
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Scheme 2. Trisaccharide assembly.

(see Scheme 2). The anomeric configuration was
confirmed by its 'H-coupled "C NMR spectrum
which revealed a doublet each for C-1 and C-1' at &
103.54 (C-1, Jo 4., 1569 Hz) and 97.73 (C-1,
Jeyn.r 170.9 Hz), respectively. These one-bond C-H
coupling constants require the presence of the 8 and
a glycosidic linkages as assigned [14].

Zemplén deacetylation of 11 yielded 12 with OH-2'
free for further coupling. Glycosylation of alcohol 12
with 3.4,6-tri-O-acetyl-2-deoxy-2-phthalimido-D-glu-
copyranosyl bromide 10 [15] was carried out in the
presence of AgOTf and collidine to give trisaccharide
13 in 77% yield. The removal of the N-phthalimido
and acetyl protecting groups in 14 was achieved
using 1.2-diaminoethane-1-butanol [16]. N-Acetyla-
tion (Ac,0-MeOH) then gave 14 in 88% overall
yield.

The removal of benzyl groups and concomitant
reduction of the azido group in 14 were attempted by

using hydrogenation (H,, Pd/C) under numerous
conditions but failed. Finally, Birch reduction (Na-I
NH,) was found to give the target trisaccharide 7a in
81% yield.

The required analogs 7a—7h were prepared from
7a using known reagents (Table 1) for selective
N-derivatization [11], and they were characterized by
'"H NMR spectroscopy and FABMS.

Compounds 7a—7h were evaluated as inhibitors of
GIcNACT-V, both partially purified from hamster
kidney [11] and cloned (from rat kidney) [17]. The
activity of the synthetic trisaccharide derivatives was
determined using an established radioactive ‘Sep-Pak’
assay technique as previously described [8,12]. The
results of the evaluation of trisaccharides 7a-7h as
inhibitors are presented in Table 1. All of the analogs
were found to be competitive inhibitors of GIcNAcT-
V (Fig. 1). These results demonstrate that partially
purified GIcNAcT-V from hamster kidney and cloned
rat kidney GIcNAcT-V have similar specificity. The
results also demonstrate that GIcNAcT-V tolerates
very diverse modifications at C-4" and still binds the
substrate analogs as was previously shown for modi-
fications at C-6' [11]. Some of the modifications at
C-4’ increase the inhibitor activities, though no clear
structure—activity relationship is evident. Coupled
with the previous study demonstrating a similar wide
tolerance for substitution at C-6' [11], the conclusion
is that the «@-Man residue to which GIcNAcCT-V
transfers is not tightly bound by the enzyme prior to
transfer of GIcNAc from the donor.

3. Experimental

General methods.—TLC was performed on Silica
Gel 60 F,s, (E. Merck) with detection by quenching
of fluorescence, by charring with H,S0,, and /or by
reaction with ninhydrin. Unless otherwise noted, col-
umn chromatography was performed on Silica Gel 60
(E. Merck, 40-63 pm). Beaded Silica Gel 6RS-8060
(Iatrobeads) were from latron Laboratories, Inc.
(Japan). C, Silica gel (reversed phase) was from
Toronto Research Chemicals, Inc. C,; Sep-Pak sam-
ple preparation cartridges were from Waters Associ-
ates. Millex-GV (0.22 um) filter units were from
Millipore. Optical rotations were measured with a
Perkin—Elmer 241 polarimeter at 22 °C. 'H NMR
spectra were recorded at 300 MHz (Bruker AM 300),
360 MHz (Bruker AMR 360), 400 MHz (Bruker AM
400), or 500 MHz (Varian UNITY 500) on solutions
in CDCI, (internal Me,Si, 6 0) or D,0. “C NMR
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spectra were recorded at 75.5, 100.6 , or 125 MHz,
respectively, on the same instruments in CDCI,
(CDCl,, 8 77.0) or D,O (internal 1,4-dioxane, &
67.4). In all compounds bearing an octyl aglycone,
the signals of the methylene protons of octyl groups
were observed at 8 1.20~1.45 (m, 12 H, 6 CH,) in
the '"H NMR spectra. The assignments of >C NMR
resonances are tentative. FAB mass spectra (FABMS)
were obtained on a Kratos AEI-MS9 instrument us-
ing glycerol as matrix. Elemental analyses were car-
ried out on a Carlo Erba EA1108 instrument. For the
enzyme experiments, cloned rat kidney GIcNAcT-V
[17] was a generous gift from Dr. M. Pierce, Univer-
sity of Georgia. Partially purified GIcNAcT-V was
isolated from hamster kidney by a published proce-
dure [11]. UDP->H]GIcNAc was from American Ra-
diolabeled Chemicals, Inc. (specific activity 40-60
Ci/mmol). UDP-GIcNAc (disodium salt) was from
Sigma Chemical Co.

Octyl 2-O-acetyl-4-azido-3-O-benzyl-4,6-dideoxy-a-
D-mannopyranosyl-(1 — 6)-2,3,4-tri-O-benzyl-B-D-
glucopyranoside (11).—To a mixture of 9 [7] (2.31
g, 4.10 mmol), AgOTf (1.32 g, 5.13 mmol), and 4 A
molecular sieves (4 g) in dry CH,Cl, (10 mL) at
—65 °C was added a solution of 8 [13] (1.14 g, 3.36

Table 1

Evaluation of trisaccharides 7a—7h as inhibitors of GIcNAcT-V

mmol) in CH,Cl, (5 mL) dropwise under argon. The
mixture was allowed to warm to room temperature
over 2 h. After stirring for 1 h, tetraethylammonium
chloride (580 mg, 3.5 mmol) was added, and the
mixture was stirred for another 30 min. The mixture
was then diluted with CH,Cl, and filtered through
Celite. The filtrate was washed sequentially with
0.5% HCI, satd NaHCO;, and water, then dried
(MgSO0,), filtered, and concentrated. The residue was
purified by column chromatography using 2:1 hex-
ane—EtOAc as eluant to provide 11 (1.97 g, 67.6%):
[a]l, +70.2° (¢ 0.6, CHCl,); NMR data (CDCl,):
"H NMR (360 MHz): & 7.38-7.20 (m, 20 H, Ar-H),
539(dd, 1 H, J, 4 3.2, J,, 1.9 Hz, H-2'), 498 (d,
1 H, J,.,, 11.0 Hz, PhCH,), 497 (d, 1 H, J,,, 10.8
Hz, PhCH,), 4.88 (d, 1 H, J,., 11.1 Hz, PhCH,),
478 (d, 1 H, H-I), 478 (d, 1 H, J,, 10.8 Hz,
PhCH,), 473 (d, 1 H, J,, 11.0 Hz, PHCH,), 4.70
(d, 1 H, J, 11.1 Hz, PhCH)451(d1H Jeem
10.7 Hz, PhCH) 448 (d, 1 H, J,, 10.6 Hz,
PhCH ), 437(d, 1 H, J,, 7.8 Hz, Hl) 3.88 (dt, 1

Joem 94, J ;. 6.5 Hz, octyl C,-H,), 3.76 (dd, 1 H,
J3, 9.8 Hz, H-3'), 2.13 (s, 3 H, Ac), 125 (d, 3 H,
Js ¢ 6.2 Hz, 3 H-6'), 0.87 (t, 3 H, J,;. 7.0 Hz, octyl
CH,); PC NMR (75.5 MHz): 8 170.04 (CO), 138.51

Compound R, Reagents Used for Amino Ki (uM)
Derivatization
a b
7a NH, 106 95
7b CH3;CONH AcyO-MeOH 20 24
i. CgHsCOCl1-Py
7 C¢HsCONH 1 %67 10 3
¢ 67 ii. NaOMe - MeOH
i. succinic anhydride - MeOH
* 8
7d Na* "O0CCH,CH,CONH ii. NaHCO; aq 6
Te ICH,CONH (ICH,C0),0-MeCH 14 18
7f CH,=CHCONH CH,=CHCOCI]-DMF-NaHCO; 13 25
" @_ i. (ICH,CO),0 -MeOH 0
—CH,CON 2
g S—CH,CONH ii. CgHsSH-NaHCO; aq 7
NO,
7h OZNO— NH 1-Fluoro-2,4 —dinitrobenzene— 60 9

Phosphate buffer

Partlally purified GIcNAcT-V from hamster kidney.
® Cloned rat kidney GIcNAcT-V.
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(benzyl C,), 138.47 (benzyl C,), 137.98 (benzyl C,),
137.18 (benzyl C,), 103.54 (C-1, Joy 1569 Hz),
97.73 (C-l, Joy 1709 Hz), 75.68, 74.88, 74.77,
71.43 (PhCH,), 70.11 (octyl C),), 66.35 (C-6), 63.96
(C-4), 31.81, 29.78, 29.43, 29.25, 26.18, 22.63 (oc-
tyl C,-C,), 20.94 (COCH,), 18.46 (C-6), 14.05 (oc-
tyl CH;). Anal. Caled for C,H¢;N,0,, (866.07): C,
69.34; H, 7.33; N, 4.85. Found: C, 69.62; H, 7.41; N,
4.73.

Octyl 4-azido -3 -0 -benzyl-4, 6 - dideoxy - a-D -
mannopyranosyl-(1 — 6)-2, 3,4 -tri-O-benzyl-B-D-

287

glucopyranoside (12).—Compound 11 (1.95 g, 2.25
mmol) was treated with methanolic NaOMe (0.05 N,
100 mL) at room temperature for 2 h. Neutralization
with Amberlite IR-120 (H™) resin, removal of the
resin by filtration, and concentration left 12 as a
syrup (1.81 g, 98%): 'H NMR (CDCl,, 360 MHz): &
7.42-7.18 (m, 20 H, Ar), 4968 (d, 1 H, J,, 10.5
Hz, PhCH,), 4.966 (d, 1 H, J,,,, 10.6 Hz, PhCH,),
490 (d, 1 H, J,,, 10.5 Hz, PhCH,), 4.88 (d, 1 H,
Jyy 12 Hz, H-1), 479 (d, 1 H, Jgem 10.6 Hz,
PhCH,), 473 (d, 1 H, J,, 10.5 Hz, PhCH,), 4.68
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E
o
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- A
1.000e-3 o 1/Dpm
a  1/Dpm+l1
m 1/Dpm+l2
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B: Secondary plot XK, vs [I]

C: Secondary plot K/ Vyax vs ]

Fig. 1. Kinetic evaluation of 7d as a competitive inhibitor of cloned GlcNAcT-V. Plot A demonstrates that 7d is competitive
with the acceptor, with inhibitor concentration 0 (00), 20 uM (a) and 40 uM (®). The K, for 7d was 8 uM, determined
by linear regression analysis of plots B and C. This figure is typical of the behavior observed for analogs 7a—7h tested with
both cloned and isolated enzymes.
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(s, 2 H, PhCH,), 451 (d, 1 H, J,, 105 Hz,
PhCH,), 4.37(d, 1 H, J,, 7.5 Hz, H-1), 4.03 (ddd, 1
H, J,, 4.5 Hz, H-2'), 3.89 (dt, 1 H, J,., 9.5, J,;.
6.2 Hz, octyl C\-H,), 3.78 (dd, 1 H, Jy, 11.0 Hz,
H-3'), 2.34 (d, 1 H, J, oy 1.8 Hz, C,-OH), 1.24 (d,
3H, Jyy 6.2 Hz, 3 H-6'), 0.88 (t, 3 H, J,;. 7.0 Hz,
octyl CH,).

Octyl 3,4,6-tri-O-acetyl-2-deoxy-2-phthalimido-3-D-
glucopyranosyl-(1 — 2)-4-azido-3-O-benzyl-4, 6-
dideoxy- a-D-mannopyranosyl-(1 — 6)-2,3,4-tri-O-
benzyl- B-D-glucopyranoside (13).—A mixture of 12
(788 mg, 0.96 mmol), AgOTf (491 mg, 1.91 mmol),
4 A molecular sieves (1.5 g), collidine (101 uL, 0.77
mmol) and dry CH,Cl, (12 mL) was cooled to —78
°C. To the resulting mixture was added dropwise a
solution of bromide 10 [15] (715 mg, 1.43 mmol) in
dry CH,Cl, (6 mL) under argon. The mixture was
allowed to warm to room temperature over 1 h. After
addition of tetraethylammonium chloride (250 mg,
1.5 mmol), the mixture was stirred for 30 min. The
mixture was then diluted with CH,Cl, and filtered
through Celite. The filtrate was washed sequentially
with 0.5% HC], satd NaHCO,, and water, then dried
over MgSO,, filtered, and concentrated. The residue
was purified by column chromatography using 2:1
hexane—EtOAc as eluant to provide 13 (910 mg,
77%): [al, +31.8° (¢ 0.4, CHCl,); NMR data
(CDCl,): 'H (360 MHz), 8 7.83 (dd, 2 H, J 5.4, 3.0
Hz, phthalimido C,;-H, C¢-H), 7.69 (dd, 2 H, J 5.4,
3.0 Hz, phthalimido C,-H, Cs-H), 7.41-7.13 (m, 20
H, Ar), 587 (dd, 1 H, Jy 3 109, Jy . 9.2 Hz,
H-3"), 543 (d, 1 H, Jy 5 8.5 Hz, H-1"), 5.20 (dd, 1
H, Jy & 9.9 Hz, H-4"), 498 (d, 1 H, J,,, 10.9 Hz,
PhCH,), 4.96 (d, 1 H, J,,, 10.8 Hz, PhCH,), 4.78
(le Jgem 11.1 Hz, PhCH)476(d1H Jeem
105 Hz, PhCH,), 474 (d, 1 H, Jyem 11.6 Hz,
PhCH,), 4.73 (d 1 H, J, 10.6 Hz, PhCHz) 4.55
(le 11219HZH1’)453(d1HJ 11.6
Hz, PhCH,), 4.46 (dd, 1 H, H-2"), 4.36 (d, H, Jia
78HzH1)431(d1HJ 111HzPhCH)
426 (dd, 1 H, J,, 12.3, J56 24Hz H-6"), 4.13
(dd, 1 H, J, 5 32Hz H-2'),4.06 (dt, 1 H, J,., 9.5,
J ;. 6.3 Hz, octyl C|-H,), 3.95 (ddd, 1 H, J4,5 10.2,
J5",6"a 4.7, Jy gy 2.5 Hz, H-5"),320(dd, 1 H, J, &
99, Jy , 9.8 Hz, H-4'), 3.10(dq, 1 H, Jy ¢ 6.0, Jy 5
9.8 Hz, H-5'), 2.08, 2.05, 1.89 (s, each 3 H, 3 Ac),
0.87 (t, 3 H, J;. 7.0 Hz, octyl CH;), 0.55(d, 3 H, 3
H-6'); °C (75.5 MHz), § 170.70, 170.14, 169.39
(C=0), 138.49, 138.37, 138.03, 137.39 (benzyl C,),
128.44, 128.39, 128.33, 128.04, 127.94, 127.71,
127.53 (aromatic methine), 103.85 (C-1), 97.07 (C-
1), 96.07 (C-1"), 75.76, 74.74, 74.73, 70.68 (PhCH,),

70.37 (octyl C,), 66.57 (C-6), 63.35 (C-4'), 62.22
(C-6"), 54.33 (C-2"), 31.85, 29.83 29.49, 29.28,
26.20, 22.66 (octyl C,-C,), 20.76, 20.63, 20.51 (3
CH,CO), 1791 (C-6'), 14.07 (octyl CH,). Anal.
Caled for C(HgoN,0,, (1241.41): C, 65.79; H, 6.50;
N, 4.51. Found: C, 65.87; H, 6.64; N, 4.55.

Octyl 2-acetamido-2-deoxy- B-D-glucopyranosyl-
(1 - 2)-4-azido-3-0-benzyl-4,6-dideoxy-a-D-
mannopyranosyl-(1 — 6)-2,3,4-tri-O-benzyl-B-D-
glucopyranoside (14).—A solution of 13 (840 mg,
0.68 mmol) in butanol (120 mL) was added to 1,2-
ethylenediamine (24 mL). The mixture was stirred at
80 °C for 12 h. Concentration was followed by
addition and evaporation twice of toluene. The residue
was not characterized but was dissotved in dry MeOH
(10 mL) to which Ac,0O (10 mL) was added. After
stirring at room temperature overnight, water (10 mL)
was added, and the solution was concentrated. The
residue was purified by column chromatography on
Iatrobeads using 9:1 CH,Cl,-MeOH as eluant, to
provide 14 (610 mg, 88%) as a colorless syrup: [a ],
+24.6° (¢ 1.25, CHCl,); NMR data (CDCL,): '
(300 MHz), § 7.40-7.10 (m, 20 H, Ar-H), 4.85 (d, 1
H, J,, 19 Hz, H-I), 453 (d, 1 H, J,,» 8.2 Hg,
H—l"), 4.36(d, 1 H, J,, 7.8 Hz, H-1), 4.11 (dd, 1 H,
Jyy 3.2 Hz, H-2'), 191 (s, 3 H, Ac), 1.18 (d, 3 H,
Js g 65 Hz, 3 H-6'), 0.87 (t, 3 H, J,,. 7.0 Hz, octyl
CH,); C (75.5 MHz), § 172.36 (C=0), 138.46,
138. 38 138.06, 136.97 (benzyl C,), 103.83 (C-1),
99.09 (C-1"), 97.65 (C-1), 70.67 (octyl C,), 66.44
(C-6), 64.06 (C-4'), 62.40 (C-6"), 58.41 (C-2"), 31.86,
29.81, 29.47, 29.30, 26.20, 22.69 (octyl C,-C ), 23.58
(CH,CO0), 18.73 (C-6'), 14.11 (octyl CH,). Anal.
Caled for Cs4H,,N,0,, (1027.23): C, 65.48; H, 7.26;
N, 5.45. Found: C, 65.27; H, 7.22; N, 5.45.

Octyl 2-acetamido-2-deoxy- B-D-glucopyranosyl-
(1 — 2)-4-amino-4,6-dideoxy- a-D-mannopyranosyl-
(1 = 6)-B-D-glucopyranoside (7a).—To a mixture of
1 NH, (80 mL) and fers-butanol (0.3 mL) was added
a solution of 14 (193 mg, 0.285 mmol) in THF (5
mL) at —78 °C. Small pieces of sodium were then
added until the mixture remained blue, and stirring
was continued for 4 h. Ammonium chloride (solid)
was added until the blue color disappeared. After
evaporation of NH;, the residue was dissolved in
water. The aq solution was loaded onto a C,; re-
versed-phase silica gel column (12 g). The column
was eluted with water (3 X 30 mL), followed by
MeOH (100 mL). The methanolic eluate was evapo-
rated to dryness, and the residue was purified by
chromatography on latrobeads using 65:35:8
CH,(C1,-MeOH-H,0 as eluant to provide the crude
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product. The crude product was absorbed onto a C,
Sep-Pak cartridges (10 mg /cartridge) in water, and
the cartridges were washed with water (50 mL) and
eluted with HPLC-grade MeOH (50 mL). Concentra-
tion of the eluate, dissolution of the residue in water,
filtration through a Millex filter, and lyophilization
gave the target product 7a (98 mg, 81%) as a white
powder: [a], —22.3° (¢ 03, H,0); NMR data
(D,0): "H (500 MHz), 6 494 (d, 1 H, Jyy 1.5 Hz,
H-1),4.62(d, | H, J,.,» 8.5 Hz, H-1"), 448 (d, | H,
J,, 8.0 Hz, H-1), 418 (dd, 1 H, J, , 3.0 Hz, H-2"),
4.02 (dd. 1 H, Jy, 10.0 Hz, H-3'), 3.99 (dd, 1 H,
Joem 110, J5¢, 4.0 Hz, H-6a), 3.94 (dd, 1 H, J,,
120, Js ¢, 2.2 Hz, H-6"a), 3.91 (dt, 1 H, J,,, 12,0,
Joe 6.2 Hz, octyl C\-H,), 3.79 (dd, 1 H, Jgy ¢\, 5.4
Hz, H-6"b), 3.78 (dd, 1 H, Js, 6.0 Hz, H-6b), 3.75
(dd, 1 H, J, 5 10.0 Hz, H-2"), 3.70 (dt, 1 H, octyl
C,-Hy), 3.59 (m, 1 H, H-5), 321 (dd, 1 H, J,5 9.5
Hz, H-2), 3.11 (dd, | H, Jy,, 10.0 Hz, H-4"), 2.07
(s. 3 H, NHAc), 1.64 (p, 2 H, J,,. 7.0 Hz, octyl
CH,), 1.36 (d, 3 H, Jy 4 6.2 Hz, 3 H-6'), 0.86 (t, 3
H. J,. 7.0 Hz, octyl CH,); “C (100.6 MHz), &
175.52 (C=0), 103.24 (C-1, Jy 161.5 Hz), 100.24
(C-1", Joy 162.0 Hz), 97.96 (C-1, Joy 171.6 Hz),
76.80 (C-3), 76.69 (C-5"), 75.77 (C-2'), 74.85 (C-5),
74.09 (C-3"), 73.92 (C-2), 71.62 (octyl C,), 70.66
(C-4"), 70.15 (C-4), 67.72 (C-3'), 67.22 (C-5'), 66.71
(C-6), 61.33 (C-6"), 56.13 (C-2"), 55.12(C-4'), 31.93,
29.58,29.28, 29.20, 25.87, 22.84 (octyl C,-C,), 23.10
(COCH,), 17.85 (C-6'), 14.26 (octyl CH,); FABMS:
m/z 663.52 [M + Na] ™, 641.42 [M + H]".

Octyl 2-acetamido-2-deoxy- 3-D- glucopyranosyl-
(1 = 2)-4-acetamido-4,6-dideoxy- a-D-mannopyrano-
syl-(1 — 6)-B-D-glucopyranoside (7Tb).—To a solution
of 7a (0.9 mg, 1.40 pmol) in dry MeOH (0.5 mL)
was added Ac,O (0.5 mL). The mixture was stirred
at room temperature overnight, solvents were re-
moved, and the resulting residue was absorbed onto a
Sep-Pak C |, cartridge in water, the cartridge was
washed with water (10 mL), followed by HPLC-grade
MeOH (10 mL). Concentration of the eluate, dissolu-
tion of the residue in water, filtration through a
Millex filter, and lyophilization afforded 7b (0.96
mg, quant.): 'H NMR (D,0, 360 MHz): 6 4.92 (d, 1
H, Jy, 1.5 Hz, H-1), 464 (d, 1 H, J,.,» 8.4 Hz,
H-1"),4.49 (d, 1 H, J, 8.0 Hz, H-1), 4.16 (dd, 1 H,
Jyy 3.1 Hz, H-2'), 328 (dd, 1 H, J,, 8.0 Hz, H-2),
2.10 (s, 3 H, NH Ac), 2.05 (s, 3 H, NH Ac), 1.20 (d,
3H, Js ¢ 6.0 Hz, 3 H-6'), 0.86 (t, 3 H, J,;. 7.0 Hz,
octyl CH); FABMS: m/z 705.87 [M + Na]*, 683.85
[M + H]*.

Octyl 2-acetamido-2-deoxy- B-D-glucopyranosyl-

(1 = 2)-4-benzamido-4,6-dideoxy- a-D-mannopyra-
nosyl - (1 = 6) - B - D - glucopyranoside (7¢).—To a
solution of 7a (2.0 mg, 3.12 wmol) in pyridine was
added benzoyl chloride (28 uL, 220 wmol). The
mixture was stirred at room temperature for 8 h and
poured into ice water. The aq solution was extracted
with CH,Cl,. The CH,Cl, solution was washed with
0.5 M HCI, satd aq NaHCO,, and water, then dried
over (MgSO,), filtered, and concentrated. The residue
was purified by column chromatography using 1:1
hexane—EtOAc as eluant to provide perbenzoylated
product (not characterized), which was then treated
with 0.05 N NaOMe~-MeOH for 8 h. Neutralization
with Amberlite IR-120 (H*) resin, removal of resin
by filtration, and concentration left a residue that was
purified as described for the purification of 7b to give
7¢ (0.9 mg, 39%) as a white powder: 'H NMR (D,0,
360 MHz): & 7.85 (dd, 2 H, J 8.0, 1.5 Hz, benzoyl
C,-H, C,-H), 7.68 (ddd, | H, J 8.0, 8.0, 1.5 Hz,
benzoyl C,-H), 7.58 (dd, 2 H, J 8.0, 8.0 Hz, benzoyl
C;-H, Cs-H), 498 (d, 1 H, J,, 1.5 Hz, H-1'), 4.68
(d, 1 H, J;,,» 84 Hz, H-1"), 448 (d. 1 H, J,, 8.0
Hz, H-1), 420 (dd, 1 H, J, y 3.0 Hz, H-2'), 2.13 (s,
3 H, NH Ac), 1.27 (d, 3 H, Jg ¢ 6.0 Hz, 3 H-6'), 0.86
(t, 3 H, J,. 7.0 Hz, octyl CH,): FABMS: m/z
767.66 [M + Na] ™, 745.48 [M + H]".

Octyl 2-acetamido-2-deoxy- 3-D-glucopyranosyl-
(1 — 2)-4,6-dideoxy-4-succinamido- a-D-mannopyra-
nosyl-(1 = 6)-B-p-glucopyranoside (7d).— A mixture
of 7a (2.5 mg, 3.9 wmol) and succinic anhydride (20
mg, 200 wmol) in dry MeOH (3 mL) was refluxed
for 4 h and concentrated to dryness. The residue was
purified by chromatography on latrobeads eluting
first with 9:1 CH,Cl,-MeOH to remove excess suc-
cinic anhydride, then with 65:35:8 CH,Cl,~MeOH-
H,O to obtain the crude product that was purified as
described for the preparation of 7b to provide the title
compound (1.7 mg, 59%) as a white powder: 'H
NMR (D,0, 400 MHz): 6 4.88 (d, 1 H, J,, 1.5 Hz,
H-1),4.61 (d, 1 H, J.,» 8.4 Hz, H-1"), 446 (d, | H,
J,, 8.0 Hz, H-1), 412 (dd, 1 H, J, 5 3.2 Hz, H-2'),
391 (dd, 1 H, Jy, 10.5 Hz, H-3'), 3.26 (dd, | H,
J,; 85 Hz, H-2), 2.61 and 2.56 (m, each 2 H,
COCH,CH,COOH), 2.08 (s, 3 H, NH Ac), 1.17 (d, 3
H, Hy ¢ 6.0 Hz, 3 H-6'), 0.86 (t, 3 H, J,;. 7.0 Hz,
octyl CH;); FABMS: m/z 763.64 [M + Na]".

Octyl 2-acetamido-2-deoxy- B-D-glucopyranosyl -
(1 >2)-4,6 -dideoxy - 4 - iodoacetamido - « - D -
mannopyranosyl-(1 — 6)- B-D-glucopyranoside (Te).
— A mixture of 7a (10 mg, 15.6 wmol) and iodoacetic
anhydride (165 mg, 468 umol) in dry MeOH (1.5
mlL) was stirred at room temperature for 24 h and
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concentrated. The residue was dissolved in water (1
mL) and stirred at room temperature for 30 min to
decompose excess iodoacetic anhydride. The product
was then isolated on a C,; Sep-Pak cartridge as
described for the preparation of 7b. Lyophilization
after Millex filtration afforded 7e (9 mg, 71.3%) as a
white powder: 'H NMR (D,0, 400 MHz): § 4.93 (d,
1 H, Jy, 1.5 Hz, H-1'), 444 (d, 1 H, J,. 8.4 Hz,
H-l”), 4.50(d, 1 H, J,, 8.0 Hz, H-1), 4.17 (dd, 1 H,

»3 3.1 Hz, H-2'), 2.10 (s, 3 H, NH Ac), 1.66 (p, 2
H J 7.0 Hz, octyl CH,), 1.24 (d, 3 H, Jy ¢ 6.0 Hz,
3 H-6'), 0.86 (t, 3 H, J,. 7.0 Hz, octyl CH,); °C
NMR (100.6 MHz): & 175.51 (C=0), 173 19
(ICH,CO0), 103.15 (C-1), 100.06 (C-1"), 97.72 (C-1'),
71.60 (octyl C,), 67.01 (C-6), 61.45 (C-6"), 56.23
(C-2"), 54.69 (C-4'), 31.94, 2697, 29.31, 29.23,
25.98, 21.86 (octyl C,-C,), 23.12 (CH,CO), 17.99
(C-6"), 14.26 (octyl CH,), —1.48 (ICH,); FABMS:
m/z 831.57 [M + Na] ™", 809.64 [M + H]*.

Octyl 2-acetamido-2-deoxy- 3-D- glucopyranosyl-
(1 = 2)-4-acrylamido-4,6-dideoxy- a-D-mannopyra-
nosyl - (1 = 6) - B - D - glucopyranoside (7f).—To a
solution of 7a (2.3 mg, 3.59 pmol) in a mixture of aq
NaHCO; (0.1 N, 0.5 mL) and DMF (0.5 mL) was
added acryloyl chloride (2.9 uL, 359 umol). The
resulting mixture was stirred at room temperature for
12 h and concentrated. The residue was purified by
chromatography on latrobeads using 65:35:4
CH,(Cl1,-MeOH-H,0 as eluant to give the crude
product. The crude product was further purified as
described for the preparation of 7b to give 7f (1.30
mg, 52%) as a white powder: 'H NMR (D,0, 500
MHz): § 6.27 (dd, 1 H, J, 17.0, J,, 9.5 Hz,

trans cis

COCH=CH,), 6.22 (dd, 1 H, J, 17.0, J,o, 2.5

trans gem

Hz, acryloyl C;-H,), 5.80 (dd, 1 H, J;; 9.5, J ., 2.5
Hz, acryloyl C3—Hb), 491 (d, 1 H, Jm, 1.5 Hz,
H-1'),4.62(d, 1 H, J.,» 8.5 Hz, H-1"), 446 (d, 1 H,
Ji, 8.0 Hz, H-1), 4.14 (dd, 1 H, J, 5 3.1 Hz, H-2"),
3.96 (dd, 1 H, Jy, 10.5 Hz, H-3'), 3.26 (dd, 1 H,
J,3 9.0 Hz, H-2), 2.07 (s, 3 H, NH Ac), 1.18 (d, 3 H,
Js¢ 6.0 Hz, 3 H-6), 0.86 (t, 3 H, J,;. 7.0 Hz, octyl
CH,); FABMS: m/z 717.24 [M + Na]*, 695.35 [M
+ H]™.

Octyl 2-acetamido-2-deoxy- 3-D-glucopyranosyl-
(1 = 2)-4,6-dideoxy-4-(1-thiophenylacetamido)- a-D-
mannopyranosyl-(1 — 6)- B-D-glucopyranoside (7g).
—To a solution of 7e (1.5 mg, 1.85 wmol) in 0.1 N
NaHCO, (0.5 mL) was added thiophenol (0.77 uL,
11.3 wmol). The mixture was stirred at room temper-
ature for 24 h and evaporated to dryness. The residue
was purified as described for the preparation of 7b to
give 7g (1.4 mg, 96%) as a white powder: 'H NMR

(D,0, 400 MHz): § 7.52-7.25 (m 5 H, Ar-H), 4.91
(d, 1 H, Jy, 15 Hz, H-I), 462 (d, 1 H, J,.,» 8.4
Hz, H-1"), 448 (d, 1 H, J,, 8.0 Hz, H-1), 413 (dd,
1 H, J, 5 3.0 Hz, H-2), 2.08 (s, 3 H, NH Ac), 0.86
(t, 3 H, J,, 7.0 Hz, octyl CH,); FABMS: m/z
813.76 [M + Na]™.

Octyl 2-acetamido-2-deoxy- B-D-glucopyranosyl-
(1 — 2)-4,6-dideoxy-4-(2,4-dinitrophenylamino)-a-D-
mannopyranosyl-(1 — 6)-B-D-glucopyranoside (7Th).
—To a solution of 7a (2.3 mg, 3.59 wmol) in
phosphate buffer (0.5 mL) was added 1-fluoro-2,4-di-
nitrobenzene (1.35 wL, 43.2 wmol). The mixture
was stirred at room temperature for 24 h, then at 80
°C for an additional 1 h until the complete consump-
tion of the starting material was noted by TLC. After
concentration, the residue was purified by chromatog-
raphy on latrobeads eluting first with 9:1 CH,Cl,—
MeOH to remove unreacted 1-fluoro-2,4-dinitro-
benzene, then with 65:35:8 CH,Cl,-MeOH-H,O to
yield the crude product that was purified as described
for the preparation of 7b to give 7h (2.8 mg, 97%) as
a yellow powder: 'H NMR (D, 0, 300 MHz): & 9.14
(brs, 1 H, Ph C,-H), 835 (d, 1 H, J 9.0 Hz, Ph
Cs-H), 7.40 (d, 1 H, J 9.0 Hz, Ph C(-H), 5.19 (d, 1
H, J,, 1.5 Hz, H-1), 467 (d, 1 H, J,,» 8.4 Hz,
H-1"),445(d, 1 H, J,, 8.0 Hz, H-1), 4.21 (dd, 1 H,
Jyy 3.1 Hz, H-2), 2.31 (s, 3 H, NH Ac), 1.40 (d, 3
H, Js ¢, 6.0 Hz, 3 H-6'), 0.86 (t, 3 H, J,,. 7.0 Hz,
octyl CH,); FABMS: m/z 829.71 [M + Na]*, 807.74
[M +H]".

Kinetic evaluation of 7a —Th as inhibitors for
GlcNAcT-V.—GIcNACT-V was assayed radiochemi-
cally using reversed-phase C,; Sep-Pak cartridges to
separate labeled hydrophobic product tetrasaccharides
from unreacted radiolabeled sugar-nucleotide donor
UDP-GIcNAc as previously described [8,11,12]. Un-
less otherwise stated, kinetic studies with acceptor
analogs contained 2.1 pU cloned GIcNAcT-V or
3.55 pU partially purified hamster kidney GIcNAcT-
V, 0.2-6.4 nmol of standard acceptor 5, and 11 nmol
UDP-GIcNAc (containing UDP-[*HIGIcNAc, 200,000
dpm/nmol). In a typical assay, acceptor 5, UDP-
GlcNAc, UDP-[’H]GIcNAc, and inhibitor were placed
in 600 wuL plastic microcentrifuge tubes and
lyophilized to dryness in a speed-vacuum. Enzyme
and buffer (50 mM sodium cacodylate, 10 mM EDTA,
20% glycerol, 0.1% Triton X-100, pH 6.5) were
added to give a final volume of 20 wL. The tube
containing substrates and enzyme was vortexed, mi-
crocentrifuged briefly, and incubated at 37 °C for 1 h
(cloned enzyme) or 45 min (partially purified en-
zyme). The reaction was quenched by adding 0.4 mL



P.-P. Lu et al. / Carbohydrate Research 303 (1997) 283-291 291

of water, and the reaction mixture was loaded onto a
pre-equilibrated C |, Sep-Pak cartridge. Unreacted ra-
diolabeled donor was removed by washing with 50
mL of water. Labeled product was eluted with 4 mL
of MeOH into a scintillation vial, Ecolite scintillation
cocktail (10 mL) was then added, and the sample was
counted on a Beckman LS-1801 scintillation counter.
Kinetic constants were obtained by fitting rate data to
the appropriate equations using unweighted nonlinear
regression analysis (SigmaPlot 4.1, Maclntosh ver-
sion). Apparent Michaelis constants (K ) and
V.. Wwere obtained by fitting rate data to the Equa-
tion: u="V, [AIAK, ., +[AD, where u is the
reaction rate, and [ A] is the concentration of the
acceptor. All the analogs (7a-7h) were found to be
competitive inhibitors since V., values were un-
changed within experimental error ( +5%) and there
were increases in the apparent K and K_/V,_ ..
values for acceptor (Fig. 1). Inhibition constants (K ,)
were determined by analyses of secondary plots of
K,./V.. (or K _)vs. [I](concentration of inhibitor).
The inhibition constants (K;s), obtained for 7a~7h
and evaluated using cloned rat kidney GlcNAcT-V
and partially purified GlcNAcT-V from hamster kid-
ney, are listed in Table 1.
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