-

View metadata, citation and similar papers at core.ac.uk brought to you byj‘: CORE

provided by Kyoto University Research Information Repository

Bl
oo o e/,
&
Kyoto University Research Information Repository > KYOTO UNIVERSITY

Reactivity of the Reducing-End Group of Cellulose. I :

Title Preparation of Pheny! Celluloside

Author(s) | Nakatsubo, Fumiaki; Maeda, Kikuko; Murakami, Koji

Gitation | 000000000000 =BULLETIN OF THE KYOTO
UNIVERSITY FORESTS (1987), 59: 301-309

Issue Date | 1987-12-10

URL http://hdl.handle.net/2433/191869

Right

Type Departmental Bulletin Paper

Textversion | publisher

Kyoto University


https://core.ac.uk/display/39315923?utm_source=pdf&utm_medium=banner&utm_campaign=pdf-decoration-v1

301

Reactivity of the Reducing-End Group of Cellulose, I
Preparation of Phenyl Celluloside,

Fumiaki NAKATSUBO, Kikuko MAEDA and Koji MURAKAMI
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Abstract

As the first step in a project to synthesize cellulose derivatives with highly regioselelective
functionality, we planned to introduce a specific functional group into only the redueing-end
group of a cellulose derivative. Glycosylation reactions, which are specific for the hemiacetal
hydroxyl group, were earried out using cellulose triacetate (CTA) as the starting material
and phenol, a simple and easily identifiable ecompound, as the aglycon. CTA was reacted
with phenol in the presence of boron trifluoride etherate to obtain phenyl peracetyl
celluloside (PPAC), which contains the phenyl group in only the reducing-end group, in
high yield. Based on the molecular weight of the product, caleulated both from viscosity
and from the absorbance at 274 nm, it was concluded that under these reaction conditions
a certain degree of depolymerization also oceurs. However, it is clear that a phenyl group
was introduced into each new reduecing-end group formed by the cleavage of a glyecosidie
bond. Thus, the reaction proceeding under these conditions is a sort of phenolysis of
CTA. The present method offers one means to introduce a specific funetional group into
only the reducing-end group of CTA.
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1. Introduction

Recent studies on the molecular design of cellulose derivatives have been directed
toward the preparation of high quality or high value-added products with special
functions ; these products are conveniently called functional polymers. Various cellulose
derivatives with special properties or abilities, such as ion exchange, chelate formation,
optical resolution, ecatalytic activity, and so on, have been developed.” The preparation of
these cellulose derivatives is generally accomplished by the utilization of the chemieal
reactivities of the primary hydroxyl group at the Cs-position and the secondary hydroxyl
groups at the Cg-and Cs-positions of the repeating anhydroglucopyranosyl units in the
cellulose molecule. The highly regioselective funetionalization which results from the
introduetion of a certain functional group into only the expected position (among the
Cs-, Cs-, and Ce-positions) may be extremely important in the futurve, but is very
difficult in the present stage of development of cellulose chemistry. This problem was
statistieally analyzed by Spurlin.?

On the other hand, there is one special hydroxyl group which is a hemiacetal
hydroxyl group on the reducing-end group in the cellulose molecule. The reactivity of
this anomeric hydroxyl group is completely different from those of the other three
aleoholic hydroxyl groups at the Ce-, Cy-, and Cg-positions.

The reaction focused on this hemiacetal character is completely regiospecifie, which
makes it possible to introduce the expeeted functional group only at the Cj-position on
the cellulose molecule. Sueh a reaction may serve for the preparation of cellulosie
two-block copolymers, which should offer a broad variety of useful properties.®

The redueing-end unit is a cyclic hemiacetal whieh in solution exists in equilibrium
with the open-chain form. The open-chain form possesses an aldehyde funetion which is
suseeptible to oxidation by various reagents, such as Fehling’s solution or ammonia-silver
nitrate, and to nucleophilic addition by sulfur- or nitrogen-containing reagents or by
carbanions. On the other hand, from the existence of the cyelie structure, the typieal
glycosylation reaction may be expected. This reaction has the potential to be important
for the introduction of various funetional groups into the redueing-end group. The
glycosylation reaction of cellulose has not yet been studied in detail, although in 1980
C. Feger and H.-J. Cantow reported® the synthesis of eellulose-containing block eopolymers
with high molecular weights by a kind of glycosylation reaction. The direet proof for a
glyeosidic linkage between cellulose and the other polymer was not described in detail.

In the present paper, we investigated both the glycosylation of cellulose with a
simple aglycon, phenol, and the characterization of the resulting phenyl celluloside. In
this way we verified whether or not the general method used for the preparation of
glycosides from simple sugars may also be applied to polysaccharides.
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2. Experimental

2.1 Preparation of phenyl 2,3, 4, 6-tetra-0-acetyl-B-D-glucopyranoside

To a stirred solution of pentaacetyl-D-glucose (8.9 g, 10 mM, prepared using the
acetic anhydride/sodium acetate system) and phenol (4.9 g, 50 mM) in dry methylene
chloride (20 ml, see section 2.2), boron trifluoride etherate (6.3 ml, 50 mM) was added
dropwise at 0°C and the reaction mixture was stirred for 2.5 hr. The solution was
diluted with ethyl acetate, washed successively with a 2N NaOH solution (until the ethyl
acetate solution no longer contained phenol) and with a saturated sodium chloride solution,
then dried over anhydrous Na,804, and evaporated in wacuo to give white crystals, The
produet was reerystallized from ethanol to afford colorless needles (3.4 g, 80% yield).
M. p. 125-126°C (ref.® 125-126°C).

2.2 Preparation of phenyl peracetyl celluloside (PPAC)

PPAC was prepared by a modification of the glycosylation method of Magnusson ef
al.ﬁ)

Cellulose triacetate was prepared from cellulose diacetate (DS=1.8, DP,=100-120,
Flakes-AC LL-10 purchased from Daicel Chemical Industries, Ltd.) by the TFAA acetyla-
tion method.®

A mixture of acetic aeid (60 ml) and trifluoroacetic anhydride (15 ml) was heated at
50°C for 30 min. Cellulose diacetate (9 g) which had been dried over P05 in a vacuum
desiccator overnight, was added and the resulting suspension was heated at 50°C for 12
hr. The suspension gradually became clear as the reaction proceeded. The reaction mixture
was poured into 2000 ml of methanol. The resulting precipitate was washed with
methanol and dried to afford a white powder (10 g). The acetyl content of this powder,
determined by the method reported by Genung el «l.” was 61.6% which corresponds to a
DS of about 2.92. The degree of polymerization of the triacetate determined by intrinsie
viseosity, was found to be 124 as deseribed in section 2.5.

Two different amounts of boron trifluoride etherate (840 s, 2.76 mM and 80 aul,
0.65 mM) were used for the glycosylation reactions in methylene chloride dried over
activated aluminum oxide (hereafter “dry methylene chloride”) and for those in methylene
chloride distilled from P;0s; (hereafter “anhydrous methylene chloride”), respectively.
Boron trifluoride etherate in 10 ml of .methylene ehloride was added dropwise to a stirred
solution of 500 mg (0.014 mM) of cellulose triacetate (M,=25712, DP,=124, obtained
above)' and phenol (500 mg, 5.3 mM) in 40 ml of methylene chloride. After stirring the
reaction mixture at room temperature for the preseribed period of time, the solution was
poured into 2000 ml of methanol. The resulting precipitate was filtered, then suspended
in 50 ml of methanol. The suspension was centrifuged (8000 r.p.m. for 5 min) and
the supernatant was decanted. This eentrifugation was repeated five times to remove the
boron trifluoride etherate and the excess phenol used. The PPAC, obtained in almost
1009 recovery, was dried over P,0; in a vacuum desiceator.

2.8  Preparation of phenyl celluloside (PO)
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To a stirred solution of PPAC (240 mg) dissolved in 20 ml of 20% methanol/methy-
lene chloride (v/v), 0.1 ml of 28% sodium methoxide in methanol solution was added
dropwise at room temperature. After stirring for 86 hr at room temperature under
nitrogen, the reaction mixture was poured into 150 ml of methanol and the resulting
precipitate was filtered. The precipitate was suspended in 50 ml of methanol, the
suspension was centrifuged (3000 r.p.m. for 5 min), and the supernatant was decanted.
After this centrifugation had been repeated three times the precipitate was filtered with
suction to afford the expected phenyl celluloside (PC) as a colorless powder (146 mg),
which was dried over P:0; in a vacoum desiccator. The complete disappearance of the
ester peak around 1750 em~! in the IR speetrum of this compound indicated that the
acetyl groups had been completely removed.

2.4 Eneymic hydrolysis of phenyl B-D-glucoside and phenyl celluloside (PC) by Meicelase
or Cellulase Type I.

Phenyl celluloside (PC) (90 mg) or phenyl glucoside (90 mg, 0.85 mM, m.p. 176°C,
ref.® 175-176°C) - which was obtained by hydrolysis of phenyl 2, 8,4, 6-tetra-O-acetyl-g-D-
glucopyranoside with sodium methoxide, was dissolved in 18 ml of acetate buffer (0.05M,
pH=4.6). To this reaction mixture, 18 mg of Meicelase (Meijiseika Inc.) or Cellulase
Type I -(Sigma Chemical Company) was added and incubated at 36°C. The progress of
the hydrolysis was followed by high performance liquid chromatography (HPLGC) under
the following conditions : column : stainless steel (4.6X100 mm); packing : Cosmosil (5Cs)
(Nakarai Chemieals Inec.) ;elution solvent: 50% methanol/water(v/v) ; flow rate: 0.5 ml/
min ; detector : UV (270 nm). The elution times of phenyl glucoside and phenol were 4.4
and 7.2 min, respectively.

2.5 Absorbance aif 274 nm and inirinsic viscosity of PPAC

Two hundred mg of PPAC was dissolved in 256 ml of echloroform. The absorbance
of the solution was measured at 274 nm.

Ten ml of the PPAC-chloroform solution prepared above was placed in an Ubbelohde
viscometer and the relative viscosity was measured at 80°C. Both psp/c and ln %./¢ were
plotted against the concentration. The coneentration of PPAC ranged from 8.0x107°
to 1.8X107% g/ml. The results were extrapolated to zero concentration in the usual manner
to caleulate intrinsie viscosity.

3. Results and Discussion

‘Many- glycosylation methods have Dbeen developed and reviewed.® Representative
methods are the Fischer method, the Koenigs-Knorr method, the Helferich method, the
orthoester method and the oxazoline method.' Recently, the fluoride! and imidate!®
methods have been reported and applied for the synthesis of many naturally oceuring
glucosides. All of these methods, except for the Fischer method, contain two-step
reactions : the aetivation at the anomeric position of the glycosyl donor and the glycosyla-
tion reaction with the glycosyl acceptor. In the first step, anomerie hydroxyl groups are
transformed to aetivated functional groups, such as halides, which act as leaving groups,
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but these halides or activated intermediates are usually unstable and are easily hydrolyz-
ed to the original anomeric hydroxyl group. This is one of the reasons for the low yield
in glycosylation reactions.

Methods via such unstable intermediates may not be applied for the present prepara-
tion of a celluloside because it is practically impossible to identify sueh an unstable
intermediate which has only one funetional group in a cellulose molecule. Therefore, it is
more ‘convenient for the preparation of a celluloside to use a one-step (or “direct”)
glycosylation rather than a two-step reaction.

Recently, Magnusson el @l.® reported the simple and direct glycosylation with high
yield for the acetylated glycosyl donor under acidic conditions. This method is thought to
be the most promising method for the preparation of a celluloside, but the applicability
for phenyl glucoside was not described. For this reason, the preparation of phenyl
2, 3, 4, 6-tetra-O-acetyl-g-D-glucopyranoside by the Magnusson method was carried out as a
preliminary experiment. Peracetyl glucose was treated with phenol in the presence of boron
trifluoride etherate in methylene chloride to afford the expected glucoside in 80% yield.
With this result in mind the preparation of phenyl celluloside by the Magnusson method
was carried out.

3.1 Preparation and identificalion of phenyl peracelyl celluloside (PPAC)
The initial preparation of the PPAC was carried out as follows, based on the

preliminary experiment with peracetyl glucose, but keeping in mind the generally lower
reactivity of a polymer relative to that
of a low molecular weight compound.

Cellulose triacetate (CTA) was treat-
ed with excess phenol (about 380 mole
equivalents for PPAC) in the presence
of boron trifluoride etherate (about 200
mole equivalents for PPAC) in dry me-
thylene chloride at room temperature for
10 hours. The reaction mixture partially
took the form of a swollen gel upon
the addition of boron trifluoride. (Inter-
esingly, the gel formation did not oceur
when anhydrous methylene chloride was
used.) The produet was recovered by the
dilution of the reaction mixture with
methanol to yield a colorless powder in
almost quantitative recovery.

Absorbance (arbitrary uni ts)

The infrared and 'H-NMR spectra of 20 20 B0 a0z 03w
Havelength {nm}
the produet were identical with those Fig, 1. UV spestra in ehloroforn.
of the starting CTA. Therefore, such a. mixture of phenol and CTA
spectroscopic analyses are useless for b. phenyl peracetyl celluloside
p 0P aly 8 e. phenyl peracetyl cellobioside

the identification of phenyl celluloside. d. phenyl peracetyl glucoside
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However, important information may be gleaned from a comparison of the respective UV
spectra.

Figure 1 shows the UV spectra of a physical mixture of phenol and CTA (spectrum
a), the product obtained above (spectrum b), phenyl peracetyl cellobioside (speetrum ¢) which
was prepared by the same method used for phenyl peracetyl glucoside, and phenyl peracetyl
glucoside (spectrum d) in chloroform. The UV spectrum of the mixture of phenol and
CTA under neutral conditions displays two eclearly defined maxima (at 278.5 nm and
272.5 nm) and one shoulder (at 267 nm). This spectrum is completely identical with that
of phenol. In an alkaline dioxane solution, a maximum appeared at 293 nm. These
UV-spectral properties indicate that the presence of CTA does not influence the UV spectrum
of phenol. Both spectra ¢ and d have three maxima at 274 nm (e==780 and 750, respectively),
268 nm (¢=960 and 940) and 262 nm (¢=720 and 700). These peaks did not shift
toward longer wavelength in an alkaline dioxane solution. The portion of speetrum b
between 250 nm and 280 nm is practically the same as the corresponding portions of
spectra ¢ and d, and did not shift in an alkaline dioxane solution. These UV data
indicate that phenol in the synthesized produet is linked to CTA by a chemieal linkage
(from the comparision of spectrum b with speetrum a) and suggest that the linkage is
a glycosidic bond (from the comparison of speetrum b with speetra ¢ and d, and from
consideration of the reaction mechanism). Thus, it may be concluded that the product
obtained is the expected phenyl peracetyl celluloside (PPAC).

For further confirmation of the presence of the glycosidic bond, we conducted
enzymic hydrolysis of the phenyl celluloside (PC) obtained by the alkaline hydrolysis of

100 ©
” /O
0.3%
80
o]
o
035
//0,/
5 o °
-~ =
2 60 0.2 o
3 2 °
5 £
[=% Y
5 @ Cellulase I : 8 O Cellulase I
= 40t O Meicelase ® ® Control
2 >
> a Control 0.1
8
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o
1B B s B B 2 8=
00 5 10 15 20 25
R = ‘ . . . Reaction time (hr)
1 2 3 4 5 6 7 8 Fig. 3. Enzymie hydrolysis of PC hy

h
Reactfon time (hr) Cellulase T at 365C.

Fig. 2. Enzymic hydrolysis of phenyl
glucoside at 36°C.



307

PPAC. Figure 2 shows the results of a prelimimary experiment:the hydrolysis of
phenyl glucoside in an acetate buffer (0.05M, pH=4.6) at 386°C by Cellulase I or
Meicelase. The production of phenol inecreased with the reaction time and reached a
maximum of nearly 100% after 8 hours. On the other hand, no production of phenol
was found in the control experiment without enzyme. Figure 3 shows the hydrolysis
of PC by Cellulase I under the same conditions used for the hydrolysis of phenyl
glucoside. The production of phenol increased with the progress of the reaction (as in
Fig.2), but at a lower rate. The maximum production of phenol was reached after about
25 hours. Phenol was not produced in the control experiment without enzyme. Thus, the
existence of a glycosidie bond between cellulose and phenol was verified experimentally.
Unfortunately it is mnot possible to calenlate the yield of the glyeosylation reaction
based upon the amount of phenol produced by the present enzymic hydrolysis because the
hydrolysis reaction does not proceed quantitatively. Furthermore, it was reported that a
small quantity of the corresponding w-anomer is produced by the Magnusson method, and
that the yield of the a-anomer increases with higher reaction temperature.® It was found
from a preliminary experiment using phenyl a-D-glucoside that the a-glucosidie bond was
not cleaved by the Cellulase I used in the present hydrolysis.
3.2 Effect of the reaclion conditions en the DP of PPAC

Boron trifluoride etherate, which is a relatively strong Lewis acid, may act as an
acidic catalyst for the depolymerization of cellulose. With this consideration in mind
several PPACs were prepared under different reaction conditions and the effects of the
reaction conditions on the depolymeriza-

Table 1. Effeet of reaction conditions on the
DP of PPAC. tion were investigated. The results are

— — summarized in Table 1.
Reaction No. R.T. [5] DP» A(274) DP(274) !

1 1 53.5 115 0.20 104
2 3 50.3 104 0.20 104 ° s(274)#10) 0.6
3 5 445 94 0.22 95 .\o
4 10 37.6 76 0.28 74 108 \ \o
5 30 32.0 66 0.47 51 ® \
6 1 50.5 104 0.17 123 N . ° ot
7 3 415 87 0.22 95 g \ s N I
8 5 36.3 87 0.26 80 8 -
9 10 27.5 56 0.37 56 50 ’
10 10 150 28 0.59 35 c:;.-.ae‘r"“’ 0.2
R.T. : reaction time, (7] :intrinsic viscosity 9P (#10)
DP, : caleulated from (i)
A(274) : optical density at 274 nm

30

DP(274) : DP caleulated from A(274) 5
1~45 : CTA (5 henol (5 BI,-Bt . . L
# (g 40 p1) i(noc?rglg()}{{iol (600 mg)/BF-Et:0 Fig. 4. }Ij)ffect of reaction conditions on the

10
Reaction time {hr)

#6-#9 : CTA (500 mg) /phenol (500 mg) /BFy-Et.0 DPvand A(274) of PPAC.
(80) p1) in anhydrous CH,Cl, 1(O——0) : DPy ($1-45)

#10 : CTA (500 mg) /phenol (500 mg) /BF;-Etq0 2(@—@) : DP, (#6-49)
(340 p1) in anhydrous CH,Cl, (O Q) L A274) (H1-45)

BFy-Et,0 : boron trifluoride etherate 4(& @) . A(274) (#6-59)
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The reaction was carried out both in dry methylene chloride (#1-£5) and in anhydr-
ous methylene chloride (§6-%10) to determine the effect of water on the activity of boron
trifluoride etherate. Two different amounts of boron trifluoride etherate (3404l in £1-%5
and 10, 80zl in #6-89) were used. The degree of polymerization of each sample was
caleulated from the intrinsic viscosity [%] and from the absorbance at 274 nm (A (274)).
In the first case the molelular weight (M) was caleulated from the equation :'®

[7]entorororm =4. 5 X 1073M0.9 (1)

In the second case, for the determination of the DP from the A(274)-value, it is
necessary to assume that all of the reducing-end groups of PPAC are substituted with
phenol (i.e., the glycosylation reaction proceeds in 100% yield), and that the e¢—value
of PPAC at 274 nm is the same as that of phenyl peracetyl-p-D-glucoside (e=750).
The DP (274) may then be caleulated by the following equation:

DP(274) =750 x ¢/A (274) /288 (2)
here, ¢ =concentration of PPAC (g/1), A(274)=absorbance at 274 nm, 288=moleculer
weight of the 2,8, 6—tri— O —acetyl-B— glucopyranosyl residue. A comparison of the DP,
with the DP (274) obtained for each sample (Table 1) indicates very good agreement.
These data suggest that the above two assumptions used for the caleulation of DP(274)
are valid.

As shown in Fig. 4, the DP, decreases almost exponentially (curves 1 and 2),
but the A(274) inecreases linearly (ecurves 8 and 4) with the reaction time., The degree
of these changes depend on the amount of boron trifluoride etherate used; extreme de-
polymerization occured in experiment #10. Since the quantity 1/DP, which corresponds
to the number of chain breaks and is proportionl to A(274) (equation 2), was found
to increase linearly with time, the rate of the reaction did not change with time. Thus, the
kineties of the present reaction are zero order. This is a characteristie of the homogeneous
hydrolysis of cellulose™. On the other hand, the slope of the straight line obtained
from A(274) —time plots (or 1/DP—time plots) indicates the rate of the reaction. The
rate of the reaction using a ratio of about 50 mole equivalents of Lewis acid in anhydrous
methylene chloride was found to be about twice that of the reaction using about 200
mole equivalents of Lewis acid in dry methylene chloride. Qualitatvely, it is clear that the
presence of a trace amount of water in the reaction solvent (i.e. dry methylene c¢hloride
vs. anhydrous methylene chloride) lowered the rate of the depolymerization reaction in
spite of a four-fold increase in the concentration of the boron trifluoride etherate (i.e.
200 -mole eguivalents vs. 50 mole equivalents). Further experiments are necessary in
order to quantify the separate effects due to water and to the Lewis acid.

4, Conclusions

When the Magnusson glycosylation method is applied for the modification of CTA,
both the expected glycosylation and depolymerization proceed with time. However, phenol
may be introduced into each reducing-end group newly formed after acid-catalyzed cleavage
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of a glycosidic bond in CTA ; the efficiency of the introduction of phenol approaches 100%
under certain conditions. Therefore, the overall reaction may be deseribed as phenolysis.
Thus, it is possible that the highly regioselective introduction of a special functional
group into the reducing-end group of CTA may be achieved under Magnusson’s glyeosyl-
ation eonditions by reacting CTA with phenol derivatives containing the special functional
group. In that case, the phenol functions as a kind of carrier to transport the special
funetional group into the CTA molecule. A further investigation into this possibility is

now in progress.‘
Acknowledgement

The authors are grateful to Dr. James L. Davis, for his ecritical reading of this
manuseript and to Dajeel chemical Industries for the gift of the cellulose diacetate.

This investigation was supported in part by the Scientific Research Fund of the
Ministry of Education, Japan (No. 60560177).

References

1) Yamagishi, Y. : Recent progress of cellulose derivatives. Mokuzai Gakkaishi., 32(9). 657 - 668,
1986.

2) Spurlin, H.M. : Arrangement of subsitituents on cellulose derivatives. J. Amer. Chem. Soc. 61,
2222 ~ 2227, 1939.

3) a) Feger, C. and Cantow, H,~dJ, : Cellulose containing block copolymers 1. Synthesis of trime-
thyleellulose~ (b-poly (oxytetramethylene) )-star bloek copolymers. Polymer Bulletin. 3. 407 - 413,
1980, b)Feger, C. and Cantow, H.-J. : Cellulose containining bloek copolymers 2. Molecular
weights and solution properties of trimethyleellulose-poly (oxytetramethylene) block copolymers.
Polymer Bulletin. 6. 321 - 326, .1982. )

4) Montgomery, B.M., Richtmyerm, N.K. and Hudson, C.S. : The preparation and rearrangement
of phenylglycosides. J.Amer. Chem. Soe. 64. 690 - 694, 1942.

5) Magnusson, G., Noori, G., Dahmen, J., Erejd, T. and Lave, T. : BFy~etherate induced formation
of 2,2,2-trichloroethyl glycopyranosides. Selective visualization of carbohydrate derivatives on
TLC plates. Acta Chem. Scand. B 85. 213~ 216, 1981

6) Bourne, E.J., Stacey, M., Taltow, J.C. and Tedder, J.M. : Studies on trifluoroacetic acid. Part
1. Trifluoroacetic anhydride as a promoter of ester formation between hydroxy-compounds and
carboxylic acids. J.Chem. Soe. 2976 - 2979, 1949

7) Genung, L.B. and Mallatt, R.C. : Analysis of cellulose derivatives. Determination of total
combined acetyl in cellulose organic esters. Ind. Eng. Chem. Anal. Ed. 18(6). 369 - 374, 1941

8) [Rischer, E. and Mechel, L.V, : Zur Synthese der Phenolglucoside. Ber. 49, 2813 - 2820, 1916

9) a) Wulff, G. and Rohle, G. : Results and problems of O-glycoside synthesis. Angew. Chem. Int.
Bd. Engl. 18(3). 157 ~-216, 1974 1) Paulsen, H, ; Advances in selective chemical syntheses of
eomplex oligosaccharides. ibid. 21(3). 155 -~224, 1982

10) “Chemistry of the O-glycosidic bond (Bochkov, A.P, and Zaikov, G,BE. ed. translated by
Sehuerch, C.) Pergamon Press. Oxford. New York. Toronto., Sydney. Paris. Frankfurt. 1979

11) Mukalyama, T., Murai, Y. and Shoda, S, : An efficient method for glucosylation of hydroxy
compounds using glucopyranosyl fluoride. Chem. Lett. 431~ 432, 1981

12)  Schmidt, R.R. and Michel, J, ; Synthesis of linear and branched cellotetraoses. Angew. Chem.
Int. Bd. BEngl. 21(1). 72-73, 1982

13) - “Polymer Handbook” (Brandrup, J. and Immergut, E.H. ed.). Wiley-Interseience. New York.
London. Sydney. Toronto. IV. 33pp, 1975

14)  “The Chemistry of Wood” (Browning, B.L, ed.). Robert E.Krieger Publishing Company. New
York. 180pp, 1975 E :





