This article was downloaded by:

On: 23 January 2011

Access details: Access Details: Free Access
Publisher Taylor & Francis

Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Carbohydrate Chemistry
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713617200

Synthesis of Chitooligosaccharide Derivatives by Condensation
Polymerization

Hironobu Hashimoto? Yutaka Abe?® Shigeomi Horito® Juji Yoshimura®

2 Department of Life Chemistry, Tokyo Institute of Technology, Yokohama, Japan

To cite this Article Hashimoto, Hironobu , Abe, Yutaka , Horito, Shigeomi and Yoshimura, Juji(1989) 'Synthesis of
Chitooligosaccharide Derivatives by Condensation Polymerization', Journal of Carbohydrate Chemistry, 8: 2, 307 — 311

To link to this Article: DOI: 10.1080/07328308908048012
URL: http://dx.doi.org/10.1080/07328308908048012

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://ww.informaworld. confterns-and-conditions-of-access. pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, |oan or sub-licensing, systematic supply or
distribution in any formto anyone is expressly forbidden.

The publisher does not give any warranty express or inplied or make any representation that the contents
will be conplete or accurate or up to date. The accuracy of any instructions, formul ae and drug doses
shoul d be independently verified with primary sources. The publisher shall not be liable for any |oss,
actions, clainms, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.



http://www.informaworld.com/smpp/title~content=t713617200
http://dx.doi.org/10.1080/07328308908048012
http://www.informaworld.com/terms-and-conditions-of-access.pdf

11: 25 23 January 2011

Downl oaded At:

J. CARBOHYDRATE CHEMISTRY, 8(2), 307-311 (1989)

COMMUNICATION

SYNTHESIS OF CHITOOLIGOSACCHARIDE DERIVATIVES
BY CONDENSATION POLYMERIZATION *

Hironobu Hashimoto*, Yutaka Abe, Shigeomi Horito and Juji Yoshimura1

Department of Life Chemistry, Tokyo Institute of Technology,
Nagatsuta, Midoriku, Yokochama, 227 Japan

Received August 8, 1988 - Final Form October 28, 1988

Oligomerization of mono- and oligosaccharide units can be an
interesting methodology for synthesis of homooligosaccharides and
oligosaccharides having repeating units, respectively. Recently,
chitooligosaccharides, especially the hexamer, were shown to have an
antitumor effect,2 suppress met.astaaia3 and protect against microbial
infection.4 For the synthesis of these oligomers the ring-opening

5 and 1,2-cyano-

polymerization of such monomers as 1,6-anhydro
ethylidene6 derivatives, which are the effective monomers for
polycondensation, cannot be used.

In the present communication we report a direct synthesis of a
geries of chitooligosaccharide derivatives by oligomerization of a
thioglycoside having a free hydroxyl group.

A monomer, eothyl 6-0-acetyl-3-0-benzyl-2~deoxy-2-phthalimido-1-
thio- §—-D—glucopyranoside (4) was synthesized from ethyl 4,6-0-
benzylidene-2-deoxy-2-phthalimido—1-thio~ #—-D—glucopyranoside 7( 1).
Treatment of 1 with sodium hydride and benzyl bromide in 1,2-
dime'choxyethane8 gave, in 90% yield, the 3-0O-benzyl derivative (2),
which was then converted into a diol 3 with 60% aqueous acetic acid at

100 °C in 82% yield. A selective acetylation of 3 with 1 equiv. of

+ Presented at the 14th International Carbohydrate Symposium,
Stockholm, Sweden, August 14-19, 1988.
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acetic anhydride in pyridine gave the 6-acetate 4,g 4-acetate 5§ and
4,6-diacetate 6 in '59%, 6% and 18% yields, respectively.

The self-condensation reaction of 4 was carried out in two steps
as shown in the following scheme. The first step is oligomerization
under conventional glycosylation conditions for thioglycoside and the

second one is introduction of a marker in order to determine the

degree of oligomerization by 1H NMR.
Ac
- [ o ] 1
" o I H—0 Qo SEy —— H—T 00 CHzC{CH-J),
8n0 = 8nQ NPhth e NPhth
NPhth n

I : MeOTT, MS4A/CH2012, IT : MeOTT, HOCHZC(CH3)3

One of the best results is as follows: A solution of the monomer
4 (0.2 mmol) and methyl triflate (0.5 mmol) in dry dichloromethane (2.5
mL) was kept in the presence of molecular sieves 4A (2g) at -15 °C for 3
days, and then 2,2-dimethylpropancl (5.0 mmol) and methyl triflate (5.0
mmol) were added to the reaction mixture. Being kept at -15 °C for
another 12h and at room temperature for 12h, the mixture was stirred
with triethylamine (0.5 mL) for 5 min and filtered with the aid of
celite. The filtrate was washed successively with IM sulfuric acid,
saturated aqueous sodium hydrogencarbonate and water, and dried. The
chitooligosaccharide mixture obtained was analyzed by HPLC using
1,3,4,6-tetra-0-acetyl-2-deoxy-2-phthalimido- 8~D-glucopyranose as an
internal standard under conditions as shown in Fig. 1.

The oligomers up to hexamer could be also isolated in a
preparative scale on a Lobar column (Merck) and characterized by 500

Miz g nMR. 10 The degree of oligomerization could be calculated easily
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Column HITACHI #3040 (Silica gel)
0.26 x 80 cm

Mobile Phase To a 5:2 mixture of n-
hexane and ethyl acetate
(100 ml) was added ethyl
acetate at the rate of 2.5

ml/min.
Elution Rate 2 ml/min
Detection UV 290 nm

Fig. 1. Analysis of Chitooligosaccharide
Mixture by HPILC

*internal standard

by comparison of the intensities for the signals of tert-butyl in the
aglycon part with those for the signals of acetyl as well as aromatic
protons of phthaloyl and benzyl groups. All glycosidic linkages were

confirmed to be B by large coupling constants of anomeric protons.

Under the above conditions the total yield of oligomers was 70%,11

and the oligomers were composed of dimer 12.6%, trimer 14.2%, tetramer
11.5%, pentamer 10.8%, hexamer 6.1%, heptamer 5.2%, octamer 4.4%,
nonamer 2.6%, decamer 1.5%, and undecamer 1.1%. VYields of higher than
hexamer were estimated by assuming the same molar extinction
coefficient as that of the hexamer. In this case the average number of
oligomerization was calculated to be 4.5. Although the average number
increased with the reaction time of the step I, the total yield of the
chitooligosaccharides decreased especially when the amount of the acid
trapper was not enough. For example the same condensation as described
above was carried out with one half of the molecular sieves for 2 and 4
days to give a chitooligosaccharide mixture with the average numbers of
2.4 and 4.0 in 84%1% ang 23%x12
series of oligosaccharide by-products were detected by HPLC in the

total yield, respectively. Because a

latter case and their formation could be avoided also with potassium
carbonate instead of the molecular sieves, the acid formed during the
condensation may prevent further oligomerization.

On the other hand, oligomerization of 6-0-acetyl—-3-0-benzyl-2-
deoxy-2-phthalimido~a , §-D-glucopyranosyl bromide13 by the Koenigs-
Knorr method using silver triflate as well as that of 1,6~di-Q-acetyl-
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S—Q—benzy1~2~deoxy—2—phtha1imido—4—(_)—tr'1methylsilyl-—B—D—glucopyranos%4
with trimethylsilyl triflate gave the smaller average numbers (1.4 and
2.2) of oligomerization and the lower yields (26% and 32%).

In conclusion, the oligomerization of the thioglycoside derivative
proved to be more effective than other glycosylation methods and may be
suitable for preparation of a series of oligosaccharides by self-
condensation of not only the monosaccharide but also the oligosaccharide

unit.
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9. Spectroscopic data of 4: [a] p * 21.6° (c 0.9, CHC13). 1H NMR
(CDCl3): § 2.12 (s, 3H, Ac), 3.07 (bs, 1H, OH), 4.52 and 4.74
(ABq, 2H, PhCHz), 5.27 (4, 1H, J1,2=10 Hz, H~-1), 6.8-7.2 {(m, 5H,
aromatic in Bn), and 7.5-7.9 (m, 4H, aromatic in Phth).

10. As a typical example only 1

H NMR data of the hexamer measured at
500 MHz (CDClz) are given: & 0.50 (s, 9H, t-Bu), 1.66, 1.68,
1.74, 1.78, 1.82 and 1.94 (s, each 3H, Ac), 2.96 (bs, 1H, OH),
2.67 and 3.30 (ABq, 2H, tBuCHZ), 4.53-4.84 (6 x ABq, 12H, J=12.2-
13.2 Hz, PhCHz), 6.6-7.0 (m, 30H, aromatic in Bn) and 7.4-7.9 (m,
24H, Phth) 3.38, 3.41, 3.42, 3.44, 3.56 and 4.13 (dd, 6©H, J5,6a
=3.5-3.9 Hz and Jsa’6b=1l.7—12.2 Hz, H-Ba), 3.94, 3.99, 4.01,

4.08, 4.10 and 4.61 (dd, 6H, Is &b =2,0-2.2 Hz, H-6b), 3.15, 3.19,
)
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3.21, 3.27, 3.29 and 3.47 {(ddd, 6H, H-5), 3.51, 3.67{x2), 3.70,
3.74 and 3.92 (dd, 6H, J4’5:9.6-10.2 Hz, H-4), 4.04(x2), 4.07(x2),
4.14 and 4.20 (dd, 6H, J3,4:8.6-8.8 Hz, H-3), 3.92(x2), 3.93,
3.94, 4.04 and 4.10 (dd, 6H, J2’3=10.5—10.7 Hz, H-2), and

4.76, 4.99, 5.01, 5.07(x2) and 5.22 (d, 6H, J=8.3-8.8 Hz, H-1).

The yields are calculated by subtracting the yield (4.2%) of the
monomer.

12. These yields are caluculated in the same manner as above. The

yield of the monomer after 2 days was 24.2%, and that after 4
days 1.3%.

13. The bromide was prepared by treatment of 4 with bromine in the

14,

presence of molecular sieves 4A in dichloromethane and a 1:9
mixture of a- and B-anomers.

Acetolysis of 4 with acetic acid and methyl triflate in the
presence of molecular sieves 4A in dichloromethane gave the 1,6
diacetate, which was converted into the corresponding 4-0-
trimethylsilyl derivative by a conventional method with
chlorotrimethylsilane and imidazole in N,N-dimethylformamide.



