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Scheme 1. Reagents and conditions: (i) Jones oxidation, then CH,N,, Et,Q; (ii) a-toluenethiol, AIBN, 1,4-dioxane, 50 — 80 °C;
(iif) NaOMe, MeOH, rt; (iv) I M ag NaQH; (v) 0.05 M aq NaOH.

carrying a bromine atom at its @-positions to
provide crude products. Purification by gel
filtration for removal of the by-products, in-
cluding incompletely reacted compounds, gave
the carbosilane dendrimer 14 having six p-glu-
curonic acid moieties in 64% yield based on
13, and which had the expected molecular-ion
peak (m/z 2076). The benzyl sulfide 8 was also
treated with dendrimer 13 by the method de-
scribed for the preparation of 14 to afford a
coupled product. Unfortunately, the crude
product was found to be a mixture, including
N-de-acetylated moieties that gave a positive
ninhydrin test for the amino function. There-
fore, an N-selective acetylation of the amino
function of the product was carried out in
MeOH, followed by gel filtration to give the
corresponding  O-de-acetylated glycoden-
drimer, accompanied by some impurities.
Next, the crude O-de-acetylated 15 was acetyl-
ated completely to provide the corresponding
dendrimer 15 having six per-O-acetylated N-
acetyl-D-glucosamine moieties in 46% yield,
based on 13; it showed the expected molecular
ion peak at mi/z 2973.

An initial trial coupling of 12 with 13, using
the same conditions as those described for 15,
was carried out. Unfortunately, pure 16 was
not obtained because of difficulties in removal
of impurities. As the impurity seemed to con-
sist of incompletely coupled products, the sto-
ichiometric ratio of 12:13 was raised to 18:1 in
order to enhance the efficiency of the SN2
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coupling reaction. In a second trial, the cou-
pled product 16 was obtained as acetate show-
ing a molecular ion peak by FABMS at m/z
3838 (Scheme 2).

In conclusion, we have demonstrated the
feasibility of a one-pot reaction in liquid NH,
for Birch reduction and the subsequent SN2
replacement to construct carbosilane den-
drimers bearing three kinds of monosacchar-
ide derivatives containing carboxylic acid and
amide functional groups. Further applications
of this procedure for assembling complex
oligosaccharides, using a series of carbosilane
dendrimers as the core frame, are now under
way.

3. Expeﬁmenta]

Materials and methods.—Unless otherwise
stated, all commercially available solvents and
reagents were used without further purifica-
tion. Pyridine, 1,4-dioxane, and tetrahydro-
furan (THF) were stored over molecular sieves
{4 A MS), and methanol (MeOH) was stored
over 3 A MS before use. Melting points
were measured with a Laboratory Devices
Meltemp II apparatus and were uncorrected.,
The optical rotations were determined with a
Jasco DIP-1000 digital polarimeter. The IR
spectra were obtained using a Jasco FT/IR-
300E spectrophotometer. The 'H NMR spec-
tra were recorded at 400 MHz with a Bruker



768 K. Matsuoka et al. / Carbohydrate Research 329 (2000) 765-772

AM-400 or at 200 MHz with a Varian Gem-
ini-2000 spectrometer in chloroform-d or D,0.
Tetramethylsilane (Me,Si) and MeOH (3.3
ppm) were used as internal standards. Ring-
proton assignments in NMR were made by
first-order analysis of the spectra and were
supported by the results of homonuclear de-
coupling experiments. Elemental analyses
were performed with a Fisons EA1108 instru-
ment on samples extensively dried at 50-
60 °C over P,O; for 4-5 h. Fast atom
bombardment mass (FABMS) spectra were
recorded with a Joel JMS-HX110 spectrome-
ter. Reactions were monitored by thin-layer
chromatography (TLC) on precoated plates of
Silica Gel 60F,, (layer thickness, 0.25 mm; E.
Merck, Darmmstadt, Germany). For detec-
tion of the intermediates, TLC sheets were
sprayed with (a) a solution of 85:10:5 (v/v/v}

MeOH-p-anisaldehyde-H,SO,, and heated

for a few minutes (for carbohydrate) or (b) an
aqueous solution of 5 wt% KMnO, and
heated similarly (for C=C double bond).
Column chromatography was performed on
silica gel (Silica Gel 60; 63-200 um, E.
Merck). Flash column chromatography was

performed on silica gel (Silica Gel 60, spheri-
cal neutral; 40— 100 um, E. Merck). All extrac-
tions were conducted below 45°C under
diminished pressure.

Methyl  (allyl  2,3,4-tri-O-acetyl-f§-D-glu-
copyranosiduronate (2) [9] —To a solution of
the known allyl 2,3,4-tri-O-acetyl-6-O-trityl-p-
D-glucopyranoside (1, 5.00 g, 8.49 mmol) {6]
in acetone (100 mL) was added a solution of
CrO, (17.0 g, 170 mmol) in 3.5 M aq H,SO,
(23 mL) at 0°C, and the mixture was kept
warm at rt for 50 min. When TLC indicated
the complete conversion of 1, the resultant
mixture was poured into ice-water and ex-
tracted with CHCI,. The organic solution was
washed with brine, dried (NaSO,), and evapo-
rated. The residual syrup was dissolved in
CH,Cl, (100 mL), and the solution was
treated with ethereal CH,N,. Conventional

~work-up gave 2 (1.65 g, 51.9%) after crystal-
lization from 2-propanol; mp 136-137 °C; IR
(KBr) 2952 (ve_y), 1758 (veo) cm™!; 'H
NMR (400 MHz, CDCl,) 6 2.02 (s, 6 H, 2
Ac), 2.05 (s, 3 H, Ac), 3.76 (s, 3 H, Me), 4.04
(m, 1 H, H-5), 4.24 (m, 2 H, OCH,), 4.61 (d,
1 H, J,, 7.6 Hz, H-1), 5.04 (m, 1 H, H-2), 5.45
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Scheme 2, The one-pot reaction, reagents and conditions; (i) Na, (i) NH,C; (i1} acetylétiom {vi) CH.N,, ether.
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(m, 4 H, H-3, H-4, =CH,), 5.84 (m, 1 H, CH=).

Methyl (3-benzythiopropy! 2,3,4-tri-O-ace-
tyl-f-D-glucopyranosidjronate (3).—To a
stirred solution of 2 (102 mg, 0.272 mmol) and
_ o-toluenethiol {479 pL, 4.08 mmol) in 14-
dioxane (0.5 mL) was added 2,2'-azobisisobu-
tyronitrile (AIBN; 22.3 mg, 0.136 mmol) at
50 °C under an Ar atmosphere. The mixture
was stirred for 1.5 h at 80 °C at which time
cyclohexene (413 puL, 40.8 mmol) was added,
and the mixture was stirred at rt for 15 min.
After evaporation, silica gel chromatography
of the residual syrup (8:1 (v/v) toluene-
EtOAc) yielded sulfide 3 (134 mg, 98.5%) as
crystals: mp 75-77 °C, [«]® - 16.6° (¢ 0.44,
CHCL,); IR (neat) 2951 (vey), 1755 (veoo)
cm~!; '"H NMR (400 MHz, CDCl,) 4 1.82 (m,
2 H, CH,), 2.00, 2.02, 2.02 (each s, 9 H, 3 Ac),
246 (t, 2 H, J 7.1 Hz, SCH,), 3.68 (s, 3 H,
Me), 3.74 (s, 2 H, CH,Ph), 3.76 (m, 2 H,
OCH.,), 4.02 (d, 1 H, J,5 9.4 Hz, H-5), 4.51 (d,
1H,J,,7.8 Hz, H-1),498 (dd, 1 H, J,5 9.2
Hz, H-2), 521 {t, 1 H, J,, 9.3 Hz, H-4), 5.24
(t, 1 H, H-3), 7.22-7.33 (m, 5 H, Ph). Anal.
Caled for C,H,,0,,S: C, 5541; H, 6.07.
Found: C, 55.67; H, 6.06.

Methyl (3-benzylthiopropyl -D-glucopyran-
ogidjuronate (4).—A solution of acetate 3
(1.60 g, 3.21 mmol) in MeOH was treated with
NaOMe (52.0 mg, 0.962 mmol) at rt under an
Ar atmosphere for 2 h, and then additional
NaOMe (17.3 mg, 0.322 mmol) was added.
After 1 h of stirring at rt, when TLC indicated
the complete conversion of 3, the reaction
mixture was neutralized with IR-120B (HY)
resin until pH 7 and then filtered. The filtrate
was concentrated and the residue was sub-
jected to column chromatography on silica gel
with 10:1 (v/v) CHCl,-MeOH to afford pure
4 (824 mg, 69.0%) as a colorless syrup, [«]2
—30.0° (¢ 0.43, MeOH); IR (neat) 3399 (vo_y),
2917 (ven)s 1746 (Vewo) cm~!; 'TH NMR (400
MHz, Me,SO-d; with D,0) ¢ 1.71 (m, 2 H,
CH,), 242 (t, 2 H, J 7.2 Hz, SCH,), 2.99 (t, 1
H, H-2),3.21 (1, 1 H, J,, 9.0 Hz, H-3}, 3.31 (t,
1 H, J;, 9.3 Hz, H-4), 3.58 (m, 2 H, OCH,),
3.62 (s, 3 H, Me), 3.65 (s, 2 H, CH,Ph), 3.74
(d,1H,J,,9.7Hz, H-5),422(d, 1 H, J,, 7.8
Hz, H-1), 7.18-7.30 (m, 5 H, Ph). Anal. Calcd
for C,;H,,0,8-:0.5 H,0: C, 53.53; H, 6.61.
Found: C, 53.70; H, 6.58.
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3-Benzylthiopropyl f-D-glucopyranosyl-
uronic acid (5).—A solution of methyl ester 4
(389 mg, 1.04 mmol) in 1 M aq NaOH (5 mL)
was stirred for 15 min at rt. To the solution
was added an IR-120B (H™*) resin to remove
Na*, and the suspension was filtered and
concentrated to give 5 (354 mg, 94.7%) as an
amorphous solid, [x]¥ —334° (¢ 1.13,
MeOH); IR (KBr) 3304 (vo_n), 2923 (veu)s
1741 (veo) em~!; 'H NMR (400 MHz,
Me,S0O-d; with D,0O) é 1.74 (m, 2 H, CH,),
2.46 (t,2H, J 7.2 Hz, SCH,), 295 (t, 1 H, J,,
8.6 Hz, H-2), 3.15(t, 1 H, H-3), 3.26 (t, | H,
J349.3, J,5 9.4 Hz, H-4), 3.70 (s, 2 H, CH,Ph),
418 (d, 1 H, J,, 7.8 Hz, H-1), 7.22-7.30 (m,
5 H, Ph). Anal. Calcd for C,(H,,0,5:0.2 H,0:
C, 53.08; H, 6.24. Found: C, 53.09; H, 6.17.

3-Benzylthiopropyl 2-acetamido-3,4,6-tri-O-
acetyl-2-deoxy-f -D-glucopyranoside {7).—Al-
lyl 2-acetamido-3,4,6-tri-O-acetyl-2-deoxy-p-
D-glucopyranoside (6) (1.30 g, 3.36 mmol) [7a]
was treated with a-toluenethiol (5.91 mL, 50.3
mmol) in the same way as that previously
described for the preparation of 3 to afford
white crystalline 7 (1.68 g, 97.8%), mp 136—-
137°C, [« —1.77° (¢ 0.55, CHCL); IR
(KBr) 2922 (ve.y), 1742 (veuo)s 1663 (vewo;
amide I), 1538 (0pnyy; amide II) ecm~'; 'H
NMR (200 MHz, CDCl,) 6 1.83 (m, 2 H,
CH,), 1.90 (s, 3 H, NAc), 2.03, 2.03, 2.08
(each s, 9 H, 3 Ac), 248 (t, 2 H, J 7.4 Hz,
SCH.,), 3.69 (s, 2 H, CH,Ph), 4.12 (dd, 1 H,
Jsea 2.6, Jeun 12.4 Hz, H-62), 4.23 (dd, 1 H,
Jse 4.8 Hz, H-6b), 4.58 (d, 1 H, J,, 8.2 Hz,
H-1), 5.06 (t, 1 H, J5, 9.4, J,5 9.6 Hz, H-4),
524 (t, 1 H, J,, 10.6 Hz, H-3), 541 (d, 1 H,
Jonn 8.8 Hz, NH), 7.22-7.34 (m, 5 H, Ph).
Anal. Caled for C,,H;,O0NS: C, 56.35; H,
6.50; N, 2.74. Found: C, 56.60; H, 6.50; N,
2.74.

3-Benzylthiopropyl 2-acetamido-2-deoxy-f-
D-ghtcopyranoside (8).-——A solution of acetate
7 (1.50 g, 2.93 mmol) in MeOH (30 mL) was
treated with NaOMe (47.5 mg, 0.88 mmol) at
rt for 1.5 h under an Ar atmosphere. To the
resulting mixture was added IR-120B (H*)
resin for neutralization, and then the mixture
was filtered. The filtrate was evaporated in
vacuo to give 8 (1.12 g, 99.0%) as white
crystals, mp 160~162 °C, [a}5 —23.8° (¢ 0.99,



770 K. Matsuoka et al. / Carbohydrate Research 329 (2000) 765-772

Me,S0); IR (KBr) 3277 (vo.u), 2921 (vep),
1653 (Vc.o; amide I), 1550 (dn_y; amide 1I)
em~ ' 'H NMR (200 MHz, CD,0D) ¢ 1.76
(m, 2 H, CH,), 1.94 (s, 3 H, NAc), 247 (t, 2
H, J 7.2 Hz, SCH,), 3.70 (s, 2 H, CH,Ph),
4.36 (d, 1 H, J,, 8.2 Hz, H-1), 7.24-7.30 (m,
5 H, Ph). Anal. Caled for C;gH;;0,NS-0.5
H,0: C, 54.80; H, 7.15; N, 3.55. Found: C,
55.05; H, 7.17; N, 3.51.

3 - Benzylthiopropyl 5 - acetamido - 4,7,8,9-
tetra-O-acetyl- 3,5-dideoxy- f - D-glycero-D-
galacto-2-nonulopyranosonic acid methyl ester
(10).—Allyl 5-acetamido-4,7,8,9-tetra-O-ace-
tyl-3,5-dideoxy-B-D-glycero-p-galacto-2-nonu-
lopyranosonic acid methyl ester (9) (1.30 g,
2.45 mmol) [8] was allowed to react with
a-toluenethiol (4.31 mL, 36.7 mmol) in the
same way as described for the preparation of
3 to afford amorphous 10 (1.54 g, 96.2%),
[x}Y —20.6° (¢ 1.56, CHCI,); IR (KBr) 2959
(Ve_p), 1748 (Veuo)s 1660 (veoo; amide T), 1549
(Sn_p; amide II) em~'; '"H NMR (400 MHz,
CDCl,) 6 1.80 (m, 2 H, OCH,CH,), 1.88 (s, 3
H, NAc), 1.93 (dd, 1 H, Jy 30q 12.8, Jipea 124
Hz, H-3ax), 2.03, 2.04, 2.12, 2.15 (each s, 12
H, 4 Ac), 2.48 (t, 2 H, J 7.2 Hz, SCH,), 2.56
(@4, 1 H, Jy 4 4.6 Hz, H-3eq), 3.56 (m, 2 H,
OCH,), 3.70 (s, 2 H, CH,Ph), 3.77 (s, 3 H,
Me), 4.06 (q, 1 H, H-5), 4.09 (dd, 1 H, J;,
5.5, Jouon 12.5 Hz, H-9b), 4.11 (dd, 1 H, Js,
10.6, J, , 2.2 Hz, H-6), 4.30 (dd, 1 H, Jy, 2.7
Hz, H-%9a), 4.84 (ddd, 1 H, J,5 9.8 Hz, H-4),
517 (d, 1 H, Jsuu 9.6 Hz, NH), 5.32 (dd, 1 H,
J, s 8.4 Hz, H-7), 5.40 (ddd, 1 H, H-8), 7.15-
7.33 (m, 5 H, Ph). Anal. Caled for
C,H,O:NS: C, 54.95; H, 6.30; N, 2.14.
Found: C, 54.91; H, 6.29; N, 2.14.

3-Benzylthiopropyl 5-acetamido-3,5-dideoxy-
f-D-glycero - D- galacto - 2- nonulopyranosonic
acid methyl ester (11).—A solution of acetate
10 (1.30 g, 1.98 mmol) in MeOH (15 mL) was
stirred in the presence of NaOMe (43.0 mg,
0.793 mmol) at rt for 2 h under an Ar atmo-
sphere. The resulting mixture was treated with
IR-120B (H*) resin, filtered, and concen-
trated. The residual syrup was chro-
matographed on silica gel with 5:1 (v/v)
CHC),-MeOH to give pure 11 (755 mg,
78.1%) as white crystals: mp 148-150 °C, [a]g
—27.4° (¢ 1.77, Me,S0O); IR (KBr) 3332
(Von)r 2935 (vew), 1724 (vcoo), 1625 (Voo
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amide I), 1561 (Snyy; amide II) em~'; 'H
NMR (200 MHz, Me,SO-d; with D,0) § 1.52
(t, 1 H, Jiy 30 = J2axe 11.8 Hz, H-3ax), 1.64
(m, 2 H, OCH,CH,), 1.84 (5, 3 H, NAc), 2.34
(t, 2 H, J 7.1 Hz, SCH,), 2.46 (dd, 1 H, J3.q4
1 > Hz, H-3eq), 3.63 (s, 2 H, CH,Ph), 3.68 (s,
3 H, Me), 7.19-7.28 (m, 5 H, Ph). Anal
Caled for C,,H,3,0,NS: C, 54.20; H, 6.82; N,
2.87. Found: C, 54.24; H, 6.86; N, 2.80.
3-Benzylthiopropyl 5-acetamido-3,5-dideoxy-
a-D-glycero -D-galacto - 2- nonulopyranosonic
acid (12).—A solution of methyl ester 11 (796
mg, 1.63 mmol) in 0.05 M aq NaOH (80 mL)
was stirred at rt for 1 h, at which time an
IR-120B (H*) resin was added to the mixture.
After filtration, the filtrate was concentrated
in vacuo to give amorphous 12 in quantitative
yield, [¢]8 — 18.6° (¢ 1.12, Me,SO); IR (KBr)
3415 (Von), 2933 (Veen), 1635 (veo; amide I),
1562 (0py; amide II) ecm~'; '"H NMR (400
MHz, D,0) 6 1.60 (t, 1 H, Ji0y 30 = Jraxa 12
Hz, H-3ax), 1.79 (m, 2 H, OCH,CH,), 2.00 (s,
3 H, NAc), 2.50 (t, 2 H, J 7.3 Hz, SCH,), 2.69
(dd, 1 H, Js4 4.7 Hz, H-3eq), 3.74 (s, 2 H,
CH,Ph), 7.28-7.39 (m, 5 H, Ph). Anal. Calcd
for C, H,,O,NS0.7 H,O: C, 51.88; H, 6.72;
N, 2.88. Found: C, 51.84; H, 6.64; N, 2.89.
Carbosilane dendrimer carrying six D-glu-
curonic acid moieties (14).—To a stirred solu-
tion of 5 (229 mg, 0.639 mmol) in liquid NH,
(~30 mL) was added Na (147 mg, 6.39
mmol) at —30°C, and the mixture was
stirred for 1 h. The stirred mixture was treated
with NH,Cl (273 mg, 5.11 mmol) for 10 min,
and then a solution of bis{(3-bromopropyl-
silyDpropyl]dimethylsilane (13) (53 mg, 57
pmol) [5] in THF (2 mL) was added dropwise.
The mixture was stirred overnight and then
evaporated to dryness. The residue was
purified by Sephadex G-25 with 5% aq AcOH
as an eluent to give 14 (80 mg, 64.0%) as an
amorphous solid. An analytical sample was
treated with IR-120B (H*) resin for 20 min at
rt. After filtration, the filtrate was lyophilized
to give pure 14 as white powder, [a]g — 36.4°
(c 0.98, water); IR (KBr) 3377 (vop), 2913
(Veu)s 1732 (Vewo) cm ™' 'H NMR (400 MHz,
D,0) § —0.05(s, 6 H, 2 Me), 0.65 (m, 20 H,
10 SiCH.,), 1.37 (m, 4 H, 2 CH,), 1.61 (m, 12
H, 6 CH,), 1.93 (m, 12 H, 6 CH,), 2.61 (i, 24
H, 12 SCH,), 3.39 (t, 6 H, J,, 8.5 Hz, H-2),
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3.56(t,6 H, J;,9.1 Hz, H-3),3.62 (t, 6 H, J, 5
9.2 Hz, H-4), 3.85 (m, 12 H, 6 OCH,), 3.99 (d,
6 H, H-5), 4.50 (4, 1 H, J,, 7.8 Hz, H-1); °C
NMR (100.6 MHz, D,0O) 6 —219 (Me),
12.02 [SiC (G1)}, 17.52 [CH, (G0)], 18.70 [CH,
(G0)], 20.34 [CH, (G0)], 24.28, 28.32, 29.56,
35.79, 69.29 (C-4), 71.49 (C-2), 72.92, 74.90,
7543, 102.65 (C-1), 172.27 (C-6); FABMS
Caled for [M™]): 2076.7. Found: m/fz 2076.5.
Anal. Caled for CgH,,,0,.5:51;2 H,O: C,
45.96; H, 7.14. Found: C, 46.05; H, 7.07.

Carbosilane dendrimer carrying six N-ace-
tyl-D-glucosamine moieties (15).—A mixture
of 8 (254 mg, 0.658 mmol), Na (151 mg, 6.58
mmol) in liquid NH, (~ 30 mL) was stirred
for | h at —30°C. After adding NH,Cl (317
mg portionwise, 5.92 mmol), the dendrimer 13
(51 mg, 57 pumol) in THF (I mL) was injected
dropwise to the stirred mixture and the stir-
ring was continued for 19 h. When the TLC of
the reaction mixture indicated N-de-acetyla-
tion of products, as judged by the results of a
ninhydrin test, the reaction mixture was acetyl-
ated in the conventional way in MeOH after
removal of NH, Chromatographic purifica-
tion by Sephadex G-25 eluting with 5% aq
AcOH gave crude products. Further manipu-
lation of the products into the complete ac-
etates was accomplished by Ac, 0O with
pyridine. Chromatography of the resulting ac-
etates on silica gel with 10:1 (v/v) CHCIl;~
MeOH afforded pure 15 (75 mg, 46.0%) as an
amorphous solid, [«¢]5 — 3.0° (¢ 0.63, CHCl,);
IR (KBr) 2920 (ve_y), 1748 (veoo), 1661 (veoos
amide I), 1557 (6n.p; amide II) cm~!; 'H
NMR (400 MHz, CDCl;) 6 —0.10(s, 6 H, 2
CH,), 0.53 (m, 20 H, 10 SiCH.), 1.23 (m, 4 H,
2 CH,), 1.50 (m, 12 H, 6 CH,), 1.80 (m, 12 H,
6 CH,), 1.92 (s, 18 H, 6 NAc), 1.98, 2.00, 2.04
(each s, 54 H, 18 Ac), 2.45(t, 12 H, J 7.1 Hz,
6 SCH,), 2.51 (t, 12 H, J 7.0 Hz, 6 SCH,),
3.72 (ddd, 6 H, J,5 9.7, Js¢, 2.4, Jsq, 4.7 Hz,
H-5), 3.74 (m, 12 H, 6 OCH,), 3.88 (g, 6 H,
H-2), 4.09 (dd, 6 H, J;, 4, 12.2 Hz, H-6a), 4.23
(dd, 6 H, H-6b), 4.66 (d, 6 H, J,, 8.3 Hz,
H-1), 5.03 (t, 6 H, J,, 9.6 Hz, H-4), 5.26 (t, 6
H, J,; 9.9 Hz, H-3), 6.44 (d, 6 H, Jonn 8.9
Hz, NH); FABMS Caled for [M*]: 2973.15.
Found: m/z 2973.07. Anal. Caled for
C,2sH,100:,N.S:Siy: C, 51.70; H, 7.12; N, 2.83.
Found: C, 52.20; H, 7.19; N, 2.62.
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Carbosilane  dendrimer carrying six N-
acetylneuraminic acid moieties (16).—Sodium
(148 mg, 6.45 mmol) was added to a solution
of 12 (305 mg, 0.645 mmol) in liquid NH,
(~30 mL) at —55°C, and the dark blue
mixture was stirred for 1 h. The mixture was
treated with NH,Cl (276 mg, 5.16 mmol) for 5
min, and then a solution of dendrimer 13 (25
mg, 27 pmol) in THF (2 mL) was added
dropwise to the mixture at — 30 °C. The mix-
ture was stirred overnight and evaporated.
The white residue was allowed to react with
Ac,O (5 mL) in pyridine (15 mL) at rt
overnight. After evaporation in vacuo, the
residue was treated with CH,N, in diethyl
ether. A combination of a gel filtration with
Sephadex LH-20 eluted with MeQH and silica
gel chromatography of the concentrated reac-
tant mixture gave 16 as a colorless solid (42
mg, 40.8%): 'H NMR (400 MHz, CDCl,) ¢
—0.68 (s, 6 H, 2 CH;), 0.56 (m, 20 H, 10
SiCH,), 1.25 (m, 4 H, 2 CH,), 1.52 (m, 12 H,
6 CH,), 1.80 (m, 12 H, 6 CH,), 1.86 (s, 18 H,
6 NAc), 1.92 {t, 6. H, J,,,, 12.6 Hz, H-3ax),
2.00, 2.03, 2.12, 2.13 (each s, 72 H, 24 Ac),
248 (t, 12 H,J 7.3 Hz, 6 SCH,), 2.53 (t, 12 H,
J 7.2 Hz, 6 SCH,), 2.56 (dd, 6 H, Jy,, 3.4 13.2,
Jieqs 4.6 Hz, H-3eq), 3.56 (m, 12 H, 6 OCH,),
3.78 (s, 18 H, Me), 4.05 (q, 6 H, H-5), 4.10 (m,
6 H, H-6), 4.12 (dd, 6 H, H-9b), 4.29 (dd, 6 H,
Jeoa 2.3, Jouon 12.4 Hz, H-92), 4.83 (ddd, 6 H,
Jis 9.5 Hz, H-4), 530 (d, 6 H, J;yy 8.9 Hz,
NH), 5.32 (dd, 6 H, Jg, 1.9, J,5 8.4 Hz, H-7),
5.38 (dddq, 6 H, J;,, 5.7 Hz, H-8); '"C NMR
(100.6 MHz, CDCl,) 6 —3.30 (SiMe), 12.11
[SiC (G1)], 20.76 [CH, (G0)), 20.82 [CH,
(G0)], 20.86 [CH, (G0)], 21.08, 23.13, 24.23,
28.43, 20,67, 35.88, 38.02, 49.36 (OMe), 52.70,
62.28, 63.36, 67.25, 68.54, 69.10, 72.43, 77.20,
98.76 (C-2), 168.43 (C=0), 169.96 (C=0),
170.06 (C=0), 170.21 (C=0), 170.62 (C=0),
170.94 (C=0); FABMS Calcd for [M + H*].
3838.42, Found: m/z 3838.20.
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ANELSFRYT—%20F7SI8E LTHW:
B-Y7RAFXAMN) CERBEOERT 2T~

MM SR - Wk FAT - Bl KR - BE AR

(2{+2000%£5 188 - EELT 200056 H 198)

E 5B KRIIRBOREFFESUAINFE ISy FIFIT—%8RLE. BohiTy
Fiyz—t, B-220F%A 1Y) (CD) ONRYVLANT 4 FFBERGA—FBTIZ
NERTEFFL— 7ot EOBRELEHEET Y E=TH, 7Ry PTTo72EI A,
1280 BCORBELEFTLENWELLIZ 1L 10,980 f-CORELEHFTLHILEYORE
WELTHLRDZZLhd ot Bohi{baMnaERE, 2p- IV FRAF L V-
6-ANF B (TNS) 42 MSFFLELTHMLAES S, -COME  TNS A2 1| RS

EERRL TS EHEEL L.

1 E

D-FhI—=-AN g I-4ESICE N RKISEL 23
sOF¥A M) (CD) 1}, #00-FAa—AHEY
i2&h a, B, y-CD LIETH, KBHPTEFOAILIC
BWLABKES A M FEAETLRDE/A TS,
CONHILLNKRELYRA VG F4 COATOHBEEA
WX BICEBETASENNETEAIHNELDHCD
2|A, 4BAY, BoIZESICCDEEUEMIE S
FYMINETICEHENTEL, Bof, EE613, &
I T 2 BEMIED TERCEYETELANKEL T >
ftefiiEB L, 3E#EH LV, 4 BREMEAI LKL
7 OXBIICD EMEFTFEALCHESELIRL
CDEFILEWDERIIHIT LAY, EOB, CDRERE
EHNFELT ML EDESRIGIZBYT, BT >
E_THTON—FELE S REE7 7y P THE
LLTHIRICERARE L. 4L, cOFiEE S 6 Fg.
LR THINELFFr P71 ~BRLLEOTHR
&£135,

2 % LE]

[ - BE)

EEFFEIC AW ARURERIE, BELTwWaAnE ot
RTUTOTEOFRRICEELLERNEA T b &
Z, &Rtk LBAZHEBLL AF/—NEEHRYE

*EERSTEIMEMHIER (23388570 iHHIH T RAR
225)

Fig. 1. Carbosilane dendrimer carrying 12 8-CD moieties.

54 bA3, By NN-VAFLELATIF
(DMF) REKY¥T 51 b A42TITFo72. '"H NMR A
A7 b i, Bruker 2 AM-400 {400 MHz) BI#ZEIR 4L
EoEt e EA LA, Hi#E, EsookLAIZIRT R
FAFALT (0ppm) RV, ERIZIZA Y /-0
(3.3ppm) HAWVIIEHFE T+ ¥ (HDO,; 478 ppm) *
il LF:, "C NMR A7 b L, 100.6 MHz TRE
OEBYRAVTHEL, EBRIZEGEsOTRLL (770
ppm) HAWIE, A¥ /=N (490ppm) FHVI IR
ARG FiE, BAGE(K) H FT/IR-300 E B 2L E
FHEME LA, MALDI-TORMS OllEziE, +—%€ 7
LAMHL—H—<v 2000 BI3REHEFERALA, &
Bruo=bs5 7 (TLC) (£, MERCK B TLC plates sili-
cagel 60Fw %, 0.25mm % S0X10mm 280> THAL
fo. ERERIE R () ERRERT S RE-530 PC BISHE0H
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AT - WHE - BBIR - BR

EriiEEAH A FEEREL (IomX1em) EHW .
2.1 FEIFX|MYAB-(XFLANFZAT X
vyFaaliyarzaril s s s(3)
FAhaA—A2 (133mg, 0131 mmol) 2EEHTAE
BT, ¥V 3ml) ERE —0TizemL
7=, TOWIEHIL, ELA S ALK (G4 mL, 4.72
mL} 2T L, -30C CI1EM»{EALE. KGE
WIZAKEET, 2WTCrO0O0RVATCERLE:. TS
% 5% TENS7kE TR, SRRNRELKES ) v AKEE, f8
FUALER TRt L, EAERES b Y 2 L TR,
BT A LICL hEEER, T3 v 7RO 3(248 mg,
96.9%) %157, BoNnA3LInT IROEGICAN
7=, RO42010: 1(w/v) 20O FRML-A %) —N) | IR
(neat) 2916 (ve-u), 1416{vs-c), 1337{vous-0}, 1173
{vo=smo), 812{vsi-c)em™ ; 'H NMR 3 (CDC1:}0.57-0.70
(m, 40H, 208iCH:), 1.30{m, 8H, 4CH:), 1.74(m,24
H, 12CH:.CH:0), 3.02(s, 36H, 12CH)), 4.18(t, 24
H, J=6.5Hz, 12CH:0} ; ®*CNMR &{CDCL) 7.51
(SiCH:), 16.76(CH:), 17.34(CH.), 18.28(CH.), 23.73
(Me), 37.20(CH:CH:0), 72.48(CH:0).
22 FhIXA[PURE-FZRFTOBL)Z YN
FaEnlis(4)
AL b— b 3(159mg, 0813mmol) &7 ¥+ F 0
7 4 (317 mg, 488 mmol) & 7 VT H ABEERT, DMF
(smL) I283%E, 80T, 1M ITA L. KB
2REVIFANI—-FAMTHRE, FHL, -FLE
FEOKTEEET b ) 2 LT, IRELA. BoNATRE
FoASNsOw b7 (BRGS0 10/A) am
A -EERE T F V) I THHML, 4(62mg, 57.9%)
PEEERADLS v TELTHE. RO33E10/v) n-
A x4 -Er BT F V) IR(neat) 2921 (ve-n), 2004
(vnen=n), 1414{vsi-c), 829(vsi-c) cm™' ;'HNMR &
(CDCh) 0.58-0.67{m, 40H, 20SiCH.), 1.31(m, §H,
4 CH:}, 1.58(m, 24 H, 12CH:CH:N,), 3.26(t, 24H, J
=6.8 Hz, 12 CH:N3) ; "C NMR §{CDC),)9.38(SiCH.),
17.10{CH:), 17.49(CH.), 18.40(CH.), 23.59 (CH.CH:Na),
54.43(CH:Ny). Anal. Caled for CuHaNuSis © C, 43.74 ;
H, 7.34; N, 3826%,
Found : C, 4420;H, 7.39; N, 38.18%.
2.3 FrSER[DUR@-TR/-7OER)S UL
O] s (8
TV F4(280mg, 0.121mmol) 2K ¥ u-F1) 2 F
AT 3r[7mh, 7:30u/v)] KEBRSE, HILAES
AEVEEWREAR, Tt Lok, =842 BMRE
L7, RICREWEIRMEE, IMEBKERE DOk
WATHIRLE, KB REHR, Ry 4 -358s0
< bF57 (Fr2i—54 b IRA-400, OH™ &) THR
THIEWLINTIVEXBRYS vy TE LTERMIC

692

B Bohl s INL LR THOTIROREI
Bvafz, IR{neat) 3292(vn-n), 2918(ve-u), 1574{8n-4),
1415{vsi-c) em™'; '"H NMR §(D:0) 0.61 (brs, 40H, 20
SiCH:), 1.50(brs, 32H, 16 CH:), 2.64(brs, 24 H, 12
CH:=ND:) ; "CNMR & (D:0) 935(G0, SiCH:), 17.77
{CH:), 18.02{CH.), 19.00(CH:), 26.77(CH:CH:N:), 44.46
(CH:N),

2.4 FrEIE5X{MVRA[(P-(6-TOTE~AXH /T

FiAFavaliuaiaenl s -(e)

BoNLTI SER)TFALT I (5330, 3.83
mmol) @A ¥/ — B (Tml) 4, KFT, ElLe
FaEAXS B (585uL, 3.82mmol) EHTFL, =
MT4EMPIGA L. RGE, JO00FRMLERE
L, BOREYEA T, EARMF MU ATESE, R
W, YVArnruwrys7 (BREHI10:8: 1~
5:4:1 (w/v) 700FRN L-BEBEZFN~2 F 7~ 1)
THHL, 6(602mg, 2EBRET905%) 2 EEEHD
Lo uw7ELTHBA k037 (5:4:1 (v/v) 20Dk
W AL-FERET F -2 # /— N)  IR(neat) 3298 (vw-n),
2928{vc-u), 1644(vemo), 1555(8n-u), cm™'; 'H NMR
& (CDCN)0.44-0.50{m, 40H, 20S8iCH:), 1.26(m, 8H,
4CHy), 1.48(m, 24H, 12CH.), 1.50{m, 24 H, 12CHJ),
1.67(m, 24H, 12CH:), 222(t, 24H, J=75Hz, 12
CH:CO), 3.18(q, 24 H, J=64Hz, 12CH:N), 3.42(t,
24 H, J=6.7 Hz, 12CH:Br), 6.71{brs, 12 H, 12NH) ; “C
NMR 6{CDCl:)9.35(G 0, SiCH:), 17.06, 17.45, 18.52,
23.87, 24.82, 27.69, 32.33, 33.69, 36.18, 42.61, 173.15
{C=0) ; Anal.Calcd for CiHaeNi2SisBri2 © C, 46.04 ; H,
7.34 ' N, 5.37%. Found . C, 4583 ;H, 748N, 5.19
%.

25 JFELTHLELS>FFUT—(6)%H

Wi f-CDBEBDT v 12TV —

/T AF N TN ANHT F--CDT
(500 mg, 0403 mmol} X WMAET > E=7 (40mL) P,
BRBREIIBVWTH MY YA (91 mg, 3.96mmol) & 30
SERL &€, L7 oE=Y 4190 mg, 3.56 mmol)
LTEREOF P oA RHE, AOYETARLE
{53mg, 168mmol) A ¥/~ NBFHEEHFL, —i
Rib&€f, 7rE=T7 2B %%, SepahdexG-50 (BH
B 5% BEEGKTEM) IS THE, BREERTLIIEE
L 1280aEHFE (196 mg) 15/ IR (neat) 3367
(Vi-nao-n}, 2931 (vc-n), 1638(vceo), 1557(8n-n),
em™!; 'H NMR & (D:0) 0.60(brs, SiCH:}, 5.10({brs, H
~1) ; “C NMR &§{D;0)9.43(G 0, SiCH:), 17.12, 18.73,
23.61, 2541, 27.88, 28.89, 3041, 32.67, 33.25, 36.01,
42,66, 60.45(C—6), 72.00, 72.17, 73.20, 81.23{C—4),
102.00(C~1}, 175.90{C=0). MALDI-TOF-MS Calcd for
[M+H*]:15973. Found:m/z 15973. Anal. Calcd for Cox
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5Bn "
g g e
7 8 . +dendrimers carrying 11, 10,
and B B-CD mojeties

Schemé 2. Reagents and conditions : I)Na, liquid NH;,
—337C, 30 min, then, NH,C], —33%C, 61%.
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Fig. 2. MALDI-TOF-MS spectrum of carbosilane dendrim-
ers carrying 12, 11, 10, and 9 8-CD moieties.

600

TN

200 -

Fluorescence Intensity

0 T T T L) T
0.0 02 0.4 0.6 0.8 10

[CD}/|CD]+[TNS]

Fig. 3. Continuous variation plot of carbosilane dendrimers
carrying §-CD  moieties—TNS system ; [CD]+[TNS]=
104 M.

693

167



W - EeE . B8 - BR

W) BT TAILIE W EEREETo 4. T >
EoTERER, YVEBIZL AHUETY, FERES
FTAZEIZEWABEHRKROFT Y F)=—%61% DIRE
TR BT PN T—OFTFEEMNETLIAS
- MALDL-TOF-MS I ¥ 7o /=& 25, BBYET S
DiEHI f-CDFREE 11, 10, IBEFTLLEWLE
DREWTHLHI ENHBLA. REWD MALDI-TOF-
MS AR ML % Fig. 212R/T. FhLomiEtsr 6t
FL7-RERE, 2EOSCOBELZERTLILEY
PHNEICBELEF3:3:3:2THhol:. ZOERLY,
FEBAORREBREEONED -33C KRETHRE
MR EET SR TWE EEL, HAALPEER
FiFFTotr=1:3¢L, N—FRTHEOEEE
DMF 2B %, 50C C—MFIEE T/ Lo Lkt
5, Boh{bE8Y D MALDI-TOR-MS JIE DR 6
I, 2RFRETIPOARY FLLOBOHEETE
Lot DEOBEEDS, #RLYBVTVD AN-
=T, FHOP-COREPLBRENDULEHEE
EEIIRRT A LN TELVI EARIE S N,
—%, BB REO S COREETFTHT>
Fe—REMOAREONMEE TNS T2 ST L
LCiTol. kT p-CODBRELTNS EOEER
PRDOLID, EHRTLE JobE)"™LIUELT
7. Fig. 3075 7Lh, B-CDFR#E I TNS D lHhid,
2: 1 ThoHIEYEEINS,

4 B i

EBIINREOCREEFESUVALFELZ LT
v—%4L, f-CDEHROBEHAT =4 O 52 K
¥iTofbklhd BARABOSCOHELELTF
Yw—izini, 1269 BOCDRETFTLHT
FU=—boREMELBIEDSPBHLL, O Eh
LR EBe f-CDRENUFEE L BT 501014,
THREOANR—H—FFHLETHLIENTRESN
7o, £, TNSR24AMSTFELTHELRALFT YK
T-DAEEHOFMEIT-A s I A, J-CDKE!
TNS (22 i CHEESALIERL TR EHEES I

694

168

7.

M B MALDITORMS OMEX LTw i gL dtigE
KEXFRBEFRHEHA—REIL E YL — TOHRIZEND
EirgLET.

X 13

1} a) I. Tabushi, Y. Kuroda, and K. Shimokawa, J. Am. Chem, Soc.,
161, 1614 (1979) :b) A. Harada, M. Furue, and 8. -1. Nozakurs,
Polym. J., 12, 29 (1980) : ¢) K. Fujita. §. Ejima, and T. Imoto, J.
Chem. Soc., Chem, Commun., 1277 (1984} ;d) K. Fujina, S.
Ejima, and T. Imoto, Chenr. Lerr., 11 (1985) ;¢) R. Breslow, N.
Creenspoon, T. Guo, and R. Zarzycki, J. Am. Chem. Soc., 111,
8296 (1989) ;f) J. H. Coates, C. J. Easton, S. J. van Eyk, S. F.
Lincoln, B. L. May, C. B. Whalland, and M. L. Williams, J. Chen.
Soc., Parkin Trans., 1, 2619 (1990} ; g) R. Breslow and $. Chung,
J. Am, Chem. Soc., 112, 9659 {1990} ;h) R. Breslow and B.
Zhang, J. Am. Chem. Soc.. 115, 9353 {1993) . h} F. Venema, C.
M. Baselier, C. van Dienst, B. H. M. Ruel, M. C. Feiters, J. F. J.
Engbersen, D. N. Reinhoud\, and R, J. M. Nolte, Tetrahedron Letr.,
35, 1773 (1954) ;i) T. Jiang, D. K. Sukumaran, S. -D. Soni, and
D. S. Lawrence, J. Org. Chem., 59, 5149 (1994) ;j) R. Breslow,
§. Halfon, and B. Zhang, Tewvahedron, 51, 377 (1995) ;k) T. Ji-
ang and D. S. Lawrence, J. Am. Chem. Soc., 117, 1857 (1995) ;1)
F. Venema, A. E. Rowan, and R. J. M. Nolte, J. Am. Chem. Soc.,
118, 257 (1996) ;m) R. Breslow and B. Zhang, J. Am. Chem.

. Soc., 118, 8495 (1996) :n) Y. Ishimaru, T. Masuda, and T. Jida,
Tetrahedron Len., 38, 3743 (1997) ;-0) H. Yamamura, S. Yamada,
K. Kohno, N. Okuda, S. Araki, K. Kobayashi, R. Katakai, K.
Kano, and M. Kawai, J. Chem, Soc., Parkin Trans., 1, 2493
(1999).

2} a) T. Jiang, M. Li, and D. 8. Lawrence, J. Org. Chem., 60, 7293
(1995) ;b} R. Breslow, X. Zhang, R. Xu, M. Maletic, and R.
Merger, J. Am. Chem. Soc., 118, 11678 {1996),

3) a) A. Harada, M. Furue, and S. -5 Nozakura, Macromolecules, 9,
70] {1976) : b} A. Harada, M. Furue, and 8. -k Nozakura, Macro-
malecutes, 9, 705 (1976) ;¢) A. Harada, M. Furue, and S. -1. No-
zakura, Macromalecules, 10, 676 (1977).

4) K. Matsucka, M. Terabatake, Y. Saito, C. Hagihara, Y. Esumi, D.
Terunuma, and H. Kuzuhara, Bull. Chem. Soc. Jpn., 71, 2709
{1998).

5) K. Lorenz, R. Milhaupt. H. Frey, U..Rapp, and F. J. Mayer-
Posner. Macromolecules, 28, 6657 (1995).

AT, Vol. 57, No. 10 (2000)



ARKL T LTy KUR— 2T EHBEL TRV - COBRENSRMT vy 7 =

[Notes]
Synthetic Assembly of §-CD Moieties Using Carbosilane Dendrimer as the Core Frame

Koji MaTsUOKA® !, Yosuke Sarmo*!, Daiyo TErRuMura*!, and Hiroyoshi KUZUHARA®!
*\Department of Functionaf Materials Science, Faculty of Engineering, Saitama University (Urawa, Saitama, 338-8570 Japan}

In order 1o assemble B-CD moieties using a carbosilane dendrimer as the core frame, a carbosilanc dendrimer having 12 bromine at-
oms at the terminal positions has been synthesized from tetrakis(ris[3- (hydroxyl) propyllsilylpropyl}silane as starting material. One-pot
coupling reaction between the carbosilane dendrimer and mono-6-deoxy-benzylmercapto-§ -CD in liquid ammonia for Birch reduction
and the subsequent Sn2 reaction gave the carbosilane dendrimer carrying 12 §-CD moieties as a mixture with three compounds carrying
i1, 10, or 9 B-CD moieties. The mixture formed an inclusion complex with 2-p-toluidinyl-naphthalenc-6-sulfonate (TNS) in water hav-
ing a ratio of [CD] : [TNS]=2: 1.

KEY WORDS Dendrimer / Cyclodextrin / Carbosilane / Inclusion Complex / Sulfide / Liquid Ammonia /
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Abstract

As a novel type of artificial receptor for Vero toxins, three pairs of carbosilane dendrimers uniformly carrying 12,
6, and 3 units of trisaccharide moieties of globotriaosyl ceramide were prepared through formation of the sulfide
linkages in liquid NH;, which revealed unexpected differences among their biological responses. © 1999 Elsevier

Science Lid. All rights reserved.

Keywords: carbohydrates; biologically active compounds; dendrimers; sulfides.

Globotriaosy! ceramide (Gbs; Gala1-4GalB1-4GlcB1-Cer) is a major glycolipid located on the surface
of the kidney glomerular endothelial cell and is known as the host receptor for Verotoxins (VTs; VTI
and VT2),! which are produced by pathogenic Escherichia coli 0157.2 Since the extremely selective
and potent affinity of Gbs for VTs is mainly attributable to its trisaccharide component, clustering
the trisaccharide (globotriose) moieties of Gbs as an artificial receptor for VTs might give potential
glyco-materials of medicinal use. Thus, Nishida et al. co-polymerized an acrylamide derivative carrying
the globotriosyl moiety with acrylamide, obtaining a linear co-polymer holding the trisaccharides like
pendants.> Although this polymer showed some inhibitory effect against cytotoxicity of VT1, it did not
reveal any activity against VT2,

This communication describes a novel type of assembly of the globotriosyl moieties using carbosilane
dendrimers as polymers supporting them. Carbosilane dendrimers have recently been developed and
found to have several unique characteristics: (1) simplicity of the synthetic process to extend the
generation;? (2) accessibility to the polymer with definite molecular weight and a definite number of
terminal functions, which depend on the polymer generation; (3) neutral nature in contrast to the usual
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_ polyamine-type dendrimers;> and (4) biological inertness, and so on. Hitherto, most modifications of such
dendrimers have been conducted by coupling with various functional molecules through condensation
reactions; i.., esterification or amide formation, etc. In contrast, our strategy to uniformly modify
carbosilane dendnimers with globotriosyl moieties employed the coupling of both components through
Sn2 reaction to form more stable sulfide linkages.® Thus, we designed compounds 1 as a precursor of the
globotriosyl reactant and A as a generation 1 (G1) of the carbosilane dendrimer, since our initial target
was the preparation of the G1 carrying 12 globotriosyl moieties.
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Figure 1. Reagents and conditions: (i) 3-Buten-1-0l, BFy-E1,0, CICH;CH,C], 0°C, then NaOMe, MeOH, nt; (ii) o, &x-dime-
thoxytoluene, CSA, DMF, 60°C, then BnBr, NaH, DMF, 0°C; (iti) BH;-NMe,, AIC);, MS4 A, THE, n: (iv) AgOTf, M54 A,
Et;0; () Na, lig. NH,, =78°C, then Ac;0, Pyr, 1t; {vi) BnSH, AIBN, Dioxane, 50—80°C; (vii) NaOMe, MeOH, nt

For the synthesis of 1 (Fig. 1), the starting peracetyl-f-lactose 2 underwent glycosidation with 3-buten-
1-ol in the presence of Lewis acid’ and subsequent deacetylation, giving 3 in ca. 60% overall yield,
[®]p?® —12 (MeOH), '"H NMR (D;0) §: 4.5 (d, 1H, J,2=8.0 Hz, H-1), 4.4 (d, 1H, J12:=7.8 Hz, H-1").
After 4',6’-O-benzylidenation of 3, the remaining OH groups were all benzylated to give 4, which was
subjected to reductive cleavage by treatment with BH;-NMej in the presence of AICls, giving 5 with the
4-OH in 82% yield, mp 101°C, [a]p?* +20 (CHCI3) and the 6-OH isomer 6 in 13% yield. Glycosidation
of 5§ with 2,3,4,6-tetra-0-benzyl-o-D-galactosyl chloride 7% in the presence of AgOTf in ether at -20°C
proceeded steroselectively to give syrupy 8 in 80% yield, '3C NMR (CDCls) &: 104 (B; C-17), 103 (B;
C-1), 101 (or; C-1"). Debenzylation of 8 without affecting the terminal double bond was conducted
through Birch reduction. Thus, 8 was treated with Na in lig. NH; at -78°C and then acetylated to give
fully acetylated n-butenyl glycoside 9 in 54% overall yield, [a]p?® +38 (CHCl3), 'H NMR (CDC};) &:
5.0 (d, 1H, Jy 2#=3.6 Hz, H-1""), 4.5 (d, 1H, Jy 3-=7.7 Hz, H-1'), 4.5 (d, 1H, J, 2=7.9 Hz, H-1). When
9 was treated with x-toluenethiol in 1,4-dioxane in the presence of AIBN, radical addition of the thiol
to the double bond of 9 proceeded smoothly,’ giving the sulfide 10 in quantitative yield, [x]p?® +35
(CHCl;), '"H NMR (CDCl3) &: 5.0 (d, 1H, Jy 3#=3.5 Hz, H-1""), 4.5 (d, 1H, Jyr =77 Hz, H-1"), 4.4
(d, 1H, J} ;=8.0 Hz, H-1). Deacetylation of 10 gave 1 quantitatively as an amorphous solid, [at]p?’ +39
(MeOH), 'H NMR (D,0) 8: 4.9 (brs, 1H, H-1""), 4.5 (d, 1H, Jy' 2=6.7 Hz, H-1"), 4.3 (d, 1H, J) 2=6.1
Hz, H-1), *C NMR (D;0) 8: 103, 102 (C-1 and -1"), 100 (C-1").
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For the synthesis of A, the known polyhydroxyl dendrimer having the same G1 skeleton'® was used
as the precursor and was fully O-mesylated. The resulting compound was treated with NaBr in DMF,
giving A in 60% overall yield, '"H NMR (CDCl3) &: 3.4 (t, 24H, J=6.8 Hz, 12CHBr), 1.8 (m 24H,
12CH,CH;,Br), 1.3 (m, 8H, 4SiCH,CH,CH,Si), 0.7-0.6 (m, 40H, 208iCH3).

Before coupling of 1 with A, the S-benzyl group of 1 should be removed. We developed methodology
to perform the removal of the benzyl group and the coupling reaction in a one-pot manner, using lig.
NH; as the solvent. Thus, Birch reduction of 1 was accomplished in the presence of Na in lig. NH3
at =33°C giving a thiolate anion 11, which was successively treated with the brominated dendrimer
A after neutralization of the excess Na with NH4Cl. The resulting raw product was purified with
Sephadex G-25 to give 12 carrying 12 globotriosyl moieties as a white powder in 36% yield based on A,
MALDI MS caled for [M+Nat]: 7935.0; found m/z: 7935.5, integral ratio of the H atoms by 'H NMR:
SiCH3:SCH,:H-1 and 1'=40:48:24, 13C NMR (D;0) &: 103, 103 (C-1 and -1"), 101 (C-1").
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Examination of the relationship between the number of the globotriaosyl moieties assembled and their
biclogical responses has also attracted much attention. Therefore, we further prepared B, a dumbell-type
of G1 dendrimer carrying six bromine atoms, and C, a GO dendrimer with three bromine atoms, for
coupling with 1. The synthetic scheme for B is shown in Fig. 2. The starting dichlorodimethylsilane 13
was subjected to a series of reactions such as Grignard, hydrosilation, and the second Grignard reaction
to give the hexaallyl compound 14, which further underwent successively hydroboration, O-mesylation,
and replacement with bromo anions, giving B in 26% overall yield, '"H NMR (CDCl3) &: 3.4 (t, 12H,
J=6.9 Hz, 6CH;Br), 1.8 (m, 12H, 6CH,CH,Br), 1.3 (m, 4H, 25iCH;CH,CH,Si), 0.7-0.5 (m, 20H,
10SiCH>). The synthesis of C, '"H NMR (CDCl3) 8: 7.5-7.4 (m, 5H, Ph), 3.4 (1, 6H, J=6.8 Hz, 3CH;Bx),
1.9 (m, 6H, 3CH2CHzBr), 1.0 (m, 6H, 3SiCH3), was accomplished from the corresponding triol 155 via
the sulfonates like the synthesis of A and B (Fig. 2).

Coupling of 1 with B and C was performed in liq. NH3 in the same way as for the preparation of 12,
giving dendrimers 16 (50% yield) and 17 (88% yield), which carry six and three globotriaosyl moieties,
respectively. Compound 16: FABMS caled for [M+H*]: 4000.5; found m/z: 4001.0, 'H NMR (D,0) §:
4.9 (d, 6H, Jy» 3»=3.1 Hz, H-1"), 4.5 (d, 6H, J, 2'=6.9 Hz, H-1"), 4.4 (4, 6H, J, 2=6.7 Hz, H-1), -0.04
(br s, 6H, CH3x2). Compound 17: FABMS calcd for [M+H*]: 2005.75; found m/z: 2005.64, '"H NMR
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Figure 2. Reagents and conditions: (i) CH;=CHCH;MgBr, Fther; (ii) HSiCls, HaPiCl, THE?* then CH;=CHCH;MgB;,
Ether-THF, (iii) BH;—THF, THF, then 3 M NaOH aq., H,0; (iv} MsCl, Pyr., then NaBr, DMF, (v) 1, Na, lig. NH3, then
NH,C], liq. NH, h
(D20) &: 7.3 (m, 5H, ph), 4.9 (d, 3H, J~ ;»=3.3 Hz, H-1"'), 4.5 (d, 3H, Jy'2=1.1 He, H-1"), 4.4 (d, 3H,
J12=7.1 Hz, H-1),

Inhibitory activities of 12, 16, and 17 against cytotoxicity of VT1 and VT2 were examined, using cell
culture assay. Unexpectedly, 12 and 16 showed a similar degree of potent activities against both VTs,
while 17 did not show any activity. The detailed results of the biological assay will be reported elsewhere
in due course. ‘
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Advantages of Carbosilane Dendrimer as a Carbohydrate Scaffold
— Application to Artificial Receptor of E. Coli, Influenza and Dengue
Virus —
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The surface of eukaryotic cells is covered in an array of glycoconjugate such as
glycoproteins and glycolipids. Carbohydrates in part of their glycoconjugates play a key
role in cell adhesion process with protein of bacteria, viruses and toxins. We will report
the successful syntheses of carbosilane dendrimer periphery functionalized such
carbohydrates as globotriose, sialyllactose, lacto-N-tetraose, and results of its biological
assays as artificial receptor against to Vero toxins producing Escherichia Coli O157:H7,
hemagglutinin of influenza virus, and dengue virus.
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Syntheses and Biological Assay of a Series of Lacto-N-neotetraose Cluster
using Carbosilane Dendrimer Scaffolds

A. Yamada,* K. Hatano, * K. Matsuoka,® Y. Esumi,® C. Aoki, ® K. Hidari, * Y. Suzuki.®
and D. Terunuma **

“Department of Functional Materials Science, Faculty of Engineering, Saitama University,
255 Shimo-ohkubo, Sakura-ku, Saitama 338-8570, Japan
®The Institute of Physical and Chemical Research, 2-1 Hirosawa, Wako, Saitama 351-01 98,
Japan
“ Department of Biochemistry, University of Shizuoka School of Pharmaceutical Sciences, 52-
1 Yada, Shizuoka 422-8526, Japan
E-mail: teru@fms.saitama-u.ac.jp

In recent years, dengue fever has become a major infection disease, The prevalence of
dengue has increased scenically in decades. We have recently found that paragloboside and
lacto-N-neotetraose blocked the uptake of dengue R R
virus.  Therefore  lacto-N-neotetraose  cluster ? ]\ =
compounds are expected as a candidate of artificial Q';"\’“ ~ Si\
dengue virus inhibitor. Fundamental core structures " . R R
of carbosilane dendrimers (Fan, Ball and Dumbbell Fan Ball Dumbbell

shapes) were used as scaffolds for syntheses of on oM. OHon y
glycoclusters (Fig. 1). The synthesis and biological R ”Z% %Y‘:&,oﬁ’é,?;&%‘ows

NHAC

R R

Me
RMSIV$|'V“SivR
Me

assay of carbosilane dendrimers periphery ' _ _ _
fl.lnctionalized laCtO'N-nCOtetraose Wlll be alSO Fig. 1. A Series of Carbosilane Dendrimer periphery functionalized lacta-M-neotetraose
described.
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Synthetic studies of globotriaose analogues having interthioglycosidic bonds
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Synthetic Studies of Carbosilane Dendrimers Functionalized with Sugar
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Fig. 1 Dendrimers bearing Globotriaoses
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