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The acid catalyzed etherification of cellulose with 1-chloro-2,3-epoxypropane yielded 3-chloro-
-2-hydroxypropylcellulose (S¢; = 0-67); the latter, by a known sequence of reactions through
the thiosulphate derivative and after its reduction, gave 2-hydroxy-3-mercaptopropylcellulose
(up 10 0-43 mmol SH/g). Mercaptodeoxycelulose (up to 0-:53 mmol SH/g) was prepared from the
less reactive chlorodeoxycellulose by an analogous sequence of reactions. Bead mercaptodeoxy-
cellulose is more advantageously obtained by using tosylate of bead cellulose; this procedure is
also more advantageous than the preparation of bead 2-hydroxy-3-mercaptopropylcelluiose.
Disulphide derivatives of cellulose were prepared (a) by a quantitative reaction of thiol deriva-
tives with 2,2’-dipyridy! disulphide and (b) by a reversible crosslinking of cellulose or carboxy-
methylceliulose with bifunctional disulphides. Disulphide derivatives of cellulose prepared
by procedure (b) give after reduction thiol derivatives (up to 0-185 mmol SH/g). and further
by employing procedure (a) yield 2-pyridy! disulphide derivatives.

Symmetrical, but mainly asymmetrical disulphide derivatives of polysaccharides are used in the
immobilization of thiol enzymes and in the covalent chromatography of thiol enzymes/proteins
and peptides. Thus, mixed disulphides derived from glutathionyl and 2-hydroxy-3-mercapto-
propylagarose (Sepharost’.)"'z by a reaction with 2,2’-dipyridyl disulphide were mainly used in the
isolation and purification of thiol enzymes (e.g., papain, urease, phosphofructokinase, thiol-di-
sulphide oxidoreductases, protein disulphide isomerase, glutathione-insulin transhydrogenase),
thiol proteins (such as mercaptoalbumin, collagen, casein, copper thioneine, alpha-chains of hemo-
globin) and thiol peptides (e.g. from ceruloplasmine, human colonic tumour g]ycoprolein)“‘.
In our preceding paper5 we demonstrated that the thiol enzymes could be immobilized also using
disulphide derivatives of cellulose. So far, however, no attention has been concentrated on di-
sulphide derivatives of cellulose in connection with their use in covalent chromatography.

Disulphide derivatives of cellulose may be obtained by reacting thiol celluloses
with suitable disulphides or by binding disulphides onto the cellulose matrix. The
former procedure (reaction of mercaptodeoxy-and 2-hydroxy-3-mercaptopropylcellu-
lose with 2,2"-dipyridyl disulphide) was used in our preceding paper®. In this study
we describe the improved procedures of preparation of both thiol derivatives.

In the case of 2-hydroxy-3-mercaptopropylcellulose the change consists in the
substitution of fluoroborate catalysts with perchloric acid in the activation of cellulose
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with 1-chloro-2,3-epoxypropane, similarly to starch®?, and also in a direct reaction
between 3-chloro-2-hydroxypropylcellulose and thiosulphate (Scheme (A4)).
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cel-OH + CH,—CHCH,Cl —""» cel-OCH,CH(OH)CH,Cl
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Mercaptodeoxycellulose is prepared either through chlorodeoxycellulose® (Scheme (B))
or by a sequence of reactions similarly to starch® (Scheme (C))
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repared from thiol celluloses by a reaction with 2,2'-di-

pyridyl disulphide. Direct introduction of disulphide into the cellulose matrix may

also be accomplished by a re:

action of disulphides containing acylhydrazide or iso-

cyanate groups. This procedure was used in the reversible crosslinking of oxidized
cellulose with dithiodiacetohydrazide®, or of cellulose with dithiodiethyl isocyanate'®.
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In this work we tried to prepare symmetrical disulphide derivatives of cellulose
by reacting carboxymethylcellulose methyl ester with dithiodiacetohydrazide (Sche-
me (D)), and cellulose with dithiodimethyl isocyanate (Scheme (E)).

In addition to the presence of functional groups, the geometric shape of sorbent
particles is also important for chromatographic purposes. The obvious advantagés
of bead cellulose'! as a carrier for the immobilization of enzymes'? and affinity
chromatography'® compared with the traditional forms of cellulose (fibrous, powder,
microcrystalline) have already been dealt with elsewhere. This is why bead cellulose
was examined with special attention, also in connection with the use of its thiol and
disulphide derivatives in covalent chromatography.*

EXPERIMENTAL

Initial Celluloses

Cellulose powder (a: Whatman, standard grade) crosslinked with 1-chloro-2,3-epoxypropane
(b Q= 15]1'5, g =10, v = 36 ml g~ !, ref.'#), bead cellulose (c: lot C-538/1, Institute of
Macromolecular Chemistry, Czechoslovak Academy of Sciences, Prague), carboxymethylcellu-
lose (d: Lovosa TS-20, North Bohemian Chemical Works, Lovosice). In the derivatives denoted
with Roman numbers the type of initial cellulose is given by the corresponding letter (a—d)
assigned to it.

2-Hydroxy-3-mercaptopropylcelluloses IIla—c

To 225 g of dried cellulose (in the case of cellulose ¢ drying was accomplished with acetone and
cther'! to a content of 5-6% water; 2-385 g of the material was used), 0-4 ml water (0-26 ml

TaBLE]

Preparation and analysis of 3-chloro-2-hydroxypropylcelluloses (S denotes the degree of substitu-
tion, S¢; = 3-0 corresponds to 100% conversion)

Temperature Chlorine
Cellulose Product °C
% mmol/g  S¢,
Powder Ia 95+3 4-57 1-29 0-24
Crosslinked Ib 80+ 2 1060 2:99 067
Bead Ic 90 4 2 6:03 1-70 0-33

During the editing of this paper, a novel procedure of preparation of the thiol derivative
of cellulose and its application in the chromatography of mercurated polynucleotides have been
reported — Feist P. L., Danna K. J.: Biochemistry 20, 4243 (1981).
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in the case of cellulose ¢) and 4-4 ml 1-chloro-2,3-epoxypropanc were added, the mixture was
stirred at room temperature 5 min, and 50 pul of 60% perchloric acid was added in parts; the sus-
pension was maintained with occasional stirring at these temperatures for 3 h (Table I). The pro-
ducts, i.e. 3-chloro-2-hydroxypropyl derivatives (Ja—c¢) were washed with water and acetone
(Ic was washed with acetone and water); their characteristics are given in Table 1.

0-5 g I (in the case of Ic 1-45 g of the compound wa3 first slowly washed with 100 ml of 5-7m-
-Na,S,03 and the liquid was removed by suction) was suspended in an aqueous solution of so-
dium thiosulphate (Table II), and the suspension was maintained at 100°C with occasional
stirring. The products, 2-hydroxy-3-thiosulphatopropy! derivatives (Ila—c) were washed with
water and acetone (/Ic only with water); the characteristics are given in Table II.

TasLe X[

Reaction between 3-chloro-2-hydroxypropylceltuloses Ja—c¢ (0-5 g) and sodium thiosulphate
to yield 2-hydroxy-3-thiosulphatopropylcelluloses IIa—c (S denotes the degree of substitution)

Solution of Na,$,03 . Sulphur Chlorine
o Product ———————— — ————
ml ¢, M % mmol/g S5,05Na % mmol/g
30 4-4 15 1la 4-05 1-26 012 0 0
I-5 200 40" 11b 874 2:73 0-30 3-61° 1-02
3-0¢ 57 20 1c 779 2:43 026 0 0

“1In the reaction Ib also times 20 and 60 h (Fig. 1) were chosen; b Scy = 0-18. €1-45 g Ic filtered
by suction was used.

TasLE III

Reduction of 2-hydroxy-3-thiosulphatopropylcelluloses JJa—c¢ to 2-hydroxy-3-mercaptopropyl-
-celluloses I1la—c (conversion, &, calculated from the content of functional groups — mmol/g)

Initial 11 50 mm Na,By0; HS(CH;),0H 5 SH &%

ml ml r 1 -

& %  mmol/g mmol/g id 1
0-44 2:7 0-37 Illa 2-40 0-75 0-25 397 194
0-55° 53 092 111b 4-88 1-52 0-17 14-8 57
0-50° 51 0-90 5-84 1-82 0-19 14-0 64
0-50° 31 1-25 7-93 2:47 0-18 10-9 60
0-885 3-8 0-75 Il 5-06 1-58 0-43 354 253

4=¢ preparation times of IIb (h): @ 20, ¥ 40, € 60 (cf. Table II).
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2-Hydroxy-3-thiosulphatopropylceltulose 1Ib was also prepared using an oxirane derivative:
0-5 g Ib was stirred in 0-485M NaOH (5 ml) at room temperature for 1 h, washed with water,
2-3M solution of sodium thiosulphate in 0-5M phosphate buffer pH 6:3 (50 ml) and filtered with
suction. After resuspending in a 2:3M solution of sodium thiosulphate in 0-:5M phosphate bufler
pH 6:3 (25 ml), the mixture was stirred at room temperature for 16 h, washed with water and ace-
tone. The product contained 8-15% sulphur and 2:15% chloride.

Reduction of derivatives of 11: 0-5 g II (in the case of Ilc, the initial 0-885 g of the compound
was first washed with 50 ml 50 mm-Na,B,O, and the liquid was removed by suction) was re-
suspended in 50 mm-Na,B,0O; containing tributylphosphine (1% v/v), 2-mercaptoethanol was
added (Table 11I), and pH was adjusted to 9; the suspension was stirred at room temperature
30 min, pH was maintained at 9. The products, 2-hydroxy-3-mercaptopropylcelluloses (I1la—c),
were washed with 1 mmM disodium EDTA, water and acetone (product Illc was filtered with
suction after being washed with | mM disodium EDTA and water, and if needed, was stored
in 0-1m acetic acid containing 1 mum disodium EDTA at 4°C).

1I were also reduced with sodium borohydride in IM 2-amino-2-hydroxymethyl-1,3-propane-
diol (pH 9) at room temperature for 1 h'S.

Mercaptodeoxycelluloses Via,c

Chlorodeoxycellulose IVa was prepared by reacting activated cellulose powder with thiony!
chloride® at 25°, 40° and 60°C (Table 1V). Thiosulphatodeoxycellulose Va was than obtained
by heating /Va (5 g) with 25 ml of an aqueous solution of sodium thiosulphate (Table 1V) at 100°C
for40—216 h (Fig. 1). Derivative Va (0-5 g) was reduced to ¥Ja with 2-mercaptoethanol in 50 mm-
-Na, B, 0 containing 1 mM-EDTA, pH 7-7— 7:9, 30 min at room temperature (Table V). In some
cases the reduction was carried out also with thioglycolic acid or dilhiolhreilolz's, or with sodium
borohydride at 50°C for 3 h (refﬁ)‘

Fig. 1

Time dependence of the reaction between
3-chloro-2-hydroxypropylcellulose Ib and <
20M-Na,$,05, and between chlorodeoxy- 0 ) i
cellulose 7¥a and 12-5M-Na,S,05. Incorpo-
ration of sulphur in IIb (0) and Va (@) and -
decrease of chlorine from Ib (@) and I'Va (®)
are expressed through the corresponding
degrees of substitution (Ss,05 Sci)s To,s 1S
Ume within which the samples “lost” 50% '
chlorine,

-

0 00 h 300

—_—
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Mercaptodeoxycellulose based on bead cellulose (VIc) was obtained by reactions according
to Scheme C: 25 g of bead regenerated cellulose (water content 83%) is stirred at room tempera-
ture with 34-5 ml acetone for 30 min; the liquid phase (12:5 ml), is removed, acetone (12-5 ml)
is added, stirring continues for 30 min, and the liquid phase (12-5 ml) is removed again. After
that, a 50% solution of sodium hydroxide (2-:30 ml) is added, the mixture is stirred 1 h, cooled to
0°C, pure p-toluenesulphonyl chloride (5-02 g) is eventually added in parts, and stirring continues
for another 1-5 h without cooling. Tosylcellulose V1l is freed from the liquid fraction by suction,
washed with acetone, water, and is transferred into ethanol (the analytical sample contains
2:69% sulphur in the dry residue, Sr; = 0-16). Product is stirred and heated to boil for 16 h
with potassium xanthogenate (162 g) in ethanol (30 ml). S-Cellulose-O-ethyl dithiocarbonate
VIle is washed with water, and then transferred into 5% ammonia (25 ml); the mixture is left
to stand with occasional stirring for 24 h. Product Vic is washed with water, acidified with
0:1M-HCl and washed with water. It contained 2:93% sulphur.

Carboxymethylcellulose Crosslinked with Dithiodiacetohydrazide (/Xd) and its Reduction

A suspension of carboxymethylcellulose methyl ester (0-5 g)in a 1:43M solution of dithiodiaceto-
hydrazide® in 80% hot aqueous methanol (5 ml) was refluxed for 2 h. Product IXd (043 g) was
washed with ethanol, water and acetone; it contained 0-96% sulphur. It was reduced with a 2%
(v/v) solution of tributylphosphine in 90% methanot'® (20 ml) with refluxing for 6 h. Product Xd
(0-38 g) was washed with water, 50% ethanol, ethanol and acetone; it contained 0:68% sulphur.

Cellulose Crosslinked with Dithiodimethyl Isocyanate (X/a) and its Reduction

Before use (24 h(, the WAN activated® cellulose powder was removed from benzene by suction,
washed, and dimethylformamide was poured over it. After the liquid was filtered off with suc-
tion, 1-8 g cellulose (0-5 g of dry cellulose) was mixed with a solution of 2:72 g dithiodimethyl
isocyanale‘o in [2-:5 ml dimethylformamide, the suspension was maintained at 80°C for 20 h,
product Xla (2:27 g) was washed with dimethylformamide and extracted with hot acetone; it con-
tained 26-13% sulphur and 12-55% nitrogen. Compound XIa (1 g) was reduced with 2-mercapto-
ethanol (2 ml) in 50 mm Na,B,0, (5 ml), pH 9, containing 1% (v/v) tributylphosphine, at room

Table 1V
Preparation conditions and analysis of chlorodeoxycellulose 7¥a and thiosulphatodeoxycellulose
Va. The chlorination of cellulose powder was carried out at the molar ratio thionyl chloride:
anhydroglucose unit = 10-89; Sc; = 3:0 corresponds to 100% conversion. For the following
reaction IVa (0-5 g) with Na,S,04 (25 ml of solution, 100°C, 40 h), the initial compound indicated
on the same line was used

Chlorine in IVa Sulphurin Va Chlorine in Va

Temperature Na,S,0;,
°C oM K
: % mmol/g Sci % mmol/g %  mmol/g
25 477 1-35 023 325 5-44 1-70 1-71 0-48
40 11-40 322 0-58 7-74 5-89 1-84 8:60 2:27
60 18-40 5-20 1-02 125 625 1-95 1420 4-01
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temperature for 8 h. Product XIla (0-40 g) was washed with 1 mm disodium EDTA. water
and acetone; it contained 21-:06% sulphur.

2-Pyridyl Disulphide Derivatives of Cellulose

Thiol derivatives of cellulose were suspended in solutions of 2,2’-dipyridy! disulphide in a mixture
acctone (60%) — aqueous 50 mM-NaHCO; (40%) containing 1 mM-EDTA, and stirred at room
temperature for one hour. The concentration of 2,2’-dipyridy| disulphide was chosen so as to pro-
vide a fivefold molar excess of disulphide with respect to the thiol groups of cellulose. Prior
1o reaction, the thiol derivatives of bead cellulose were ‘‘activated” with 2-mercaptocethanol
by employing the same procedure as in the reduction of thiosuiphate derivatives. The products
were washed with 60% acetone and acetone, the 2-pyridyldisulphidic derivatives of bead celiulose
were washed with 60% acetone and water and stored at 4°C.

Analytical Methods

The degrees of substitution (S) of cellulose derivatives I— XII were calculated using the micro-
determination of chlorine, sulphur and nitrogen. The content of SH groups was determined
by a reaction with 5,5’-dithiobis(2-nitrobenzoic acid) using a 0-1M phosphate buffer, pH 76,
containing 1 mM-EDTA and 1 mm 5,5-dithiobis(2-nitrobenzoic acid); after reaction lasting
three hours at room temperature, polythiol (1—5 mg dry mass) was removed, and absorbance
at 412 nm was measured. The content of SH groups was calculated using e= 13 600 M~ " em™ !,
A similar procedure was employed in the determination of the 2-pyridyl disulphide residues
in the respective cellulose derivatives: 5— 10 mg (dry mass) of the disulphide cellulose derivative
was added to 5 ml of a 0-1m phosphate buffer containing 1 mm-EDTA and 20 mM cysteine, stirred
at room temperature for 3 h, after which cellulose was removed and absorbance of the solution
was measured at 343 nm. The concentration of 2-thiopyridone was calculated using e = 8 080 M~ L
.em”! (rcﬁ’s). In some cases 2-mercaptoethanol or sodium sulphide was used instead of cysteine.
At least two measurements were performed with each sample.

Degree of Substitution and Conversion

The degree of substitution for chloro (S¢)), thiosulphato (Ss,0,Na) and tosyl derivatives (St,)
of cellulose was calculated using the equation’® S = 162Y,,/(100W — Y, W,), where 162 is the
weight equivalent of an anhydroglucose unit, Y, is the chlorine or sulphur content (in %) ac-
cording to analysis, W are the weight equivalents of Cl, S or S, (in V), and W, are the weight
equivalents of 3-chloro-2-hydroxypropyl, 2-hydroxy-3-thiosulphatopropyl, chloro (in IVa), tosyl
(in I¥¢) and thiosulphato substituents minus 1 and 17, respectively.

Conversion (%) was calculated as a hundredfold ratio of the degree of substitution of the
product and initial compound. In chloro, thiosulphato and tosy! derivatives the calculated S val-
ues were substituted, in other derivatives the content of functional groups (mol/g), was uvsed for
this purpose.

RESULTS AND DISCUSSION

2-Hydroxy-3-mercaptopropylcelluloses

3-(;h]oro-2-hydroxypropylcel]uloses were prepared by the acid catalyzed (perchloric
acid) etherification of cellulose with 1-chloro-2,3-epoxypropane. Cellulose powder,
crosslinked cellulose powder and bead cellulose were used under the reaction condit-
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ions (with the exception of temperature) given in ref.” for sample D in Table 2.
The reactions proceeded differently from those observed with starch® and cross-
linked starch”. If, namely, the etherifications occurred at temperatures (100 —120°C)
reported in preceding papers®’, they resulted in darkening and mass losses (powder,
bead cellulose) or in complete dissolution of the product in acetone (crosslinked
cellulose). Moreover, in bead cellulose there was complete decomposition of the
macroporous structure. The highest temperature at which these unfavourable pheno-
mena do not occur any more differs for different types of cellulose (Table I). The
lowest conversions (8%) and at the same time the lowest yields were obtained with
cellulose powder. However, unlike experiments with starch®, no higher substituted
soluble fractions were isolated in this case. On the contrary, in the acid catalyzed
etherification the crosslinked cellulose powder is more reactive than cellulose powder
(Table T). A similar result was obtained also if these celluloses were etherified with
p-nitrobenzyl chloride in an alkaline solution'®. This finding has been assigned
to an increased number of accessible OH groups of cellulose crosslinked with 1-chloro-
-2,3-epoxypropane responsible for the improvement of cellulose reactivity with
regard to some type of etherification reactions. We believe that such explanation
is acceptable also for the increased reactivity of bead cellulose compared with cellulose
powder (Table I).

An analogous derivative of crosslinked cellulose is the one most approaching
3-chloro-2-hydroxypropyl crosslinked starch (13-13% chlorine; 34% mass increase)
(ref.”, Table 2) by both conversion and yield (Table I). However, with respect to the
temperatures used crosslinked cellulose is much more reactive. Similarly to cross-
linked starch (The Hubinger Co., Keokuk, Iowa), cellulose crosslinked with 1-chloro-
-2,3-epoxypropane possessing the highest degree of crosslinking was used!*. The
degree of crosslinking of crosslinked starch remains unknown, however, which makes
it impossible to decide if differences in reactivity in the etherification should be
attributed to differences in the structure of native glucanes or to the degree of their
crosslinking.

Unlike the preceding study®, 2-hydroxy-3-thiosulphatopropyl derivatives were
prepared by direct substitution of chlorine. It was mainly with the 3-chloro-2-hydroxy-
propyl derivative of bead cellulose that such procedure gave much better results
(78-8% conversion and complete removal of chlorine) (Table II). In an analogous
derivative of crosslinked cellulose (reaction time 40 h) at lower conversion (44-8%)
part of chlorine also remained (26:9%). By extending the reaction time with thiosul-
phate for the latter derivative the sulphur content can be raised and the chlorine
content reduced (Fig. 1), but after reduction there is no rise in the content of the
SH groups (Table III). The preparation of 2-hydroxy-3-thiosulphatopropylcellulose
from Ib via the oxiran derivative® leads to a product with a comparatively high
sulphur content (8:15%) and low chlorine content (2:15%), but only 161 pmol SH/g
are obtained after reduction.
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Triibutylphosphine is a more effective protective agent for thiols in aqueous solu-
tions in the pH range 7—9 than EDTA (ref.'”). Due to this, thiosulphate derivatives
can be reduced with thiols also at pH 9. Reduction under such conditions leads up
to a 40% conversion of 2-hydroxy-3-thiosulphatopropyl derivatives (Table III)
compared with 15:9% in the preceding paper®. Favourable results were also obtained
with bead cellulose; the overall conversion from 3-chloro to 3-mercapto-2-hydroxy-
propylcellulose (25-3%) was the highest of all. On the contrary, the eflectiveness
of reduction seems to be weakened by the ‘“‘deactivation” of the SH groups of cellu-
lose; changes in the sulphur content during the reduction are almost stoichiometric
in most cases (Tables II, III). Reduction with sodium borohydride is not suitable,
it gives only traces of SH groups in the case of sample I1b prepared from Ib by a 40 h
reaction.

If sodium hydrogen sulphide was used in the preparation of the mercapto deriva-
tive from chlorohydroxypropyl crosslinked cellulose'®, a 19% conversion was reached
with respect to the sulphur content; somewhat better results were obtained in a proce-
dure via the alkylation of thiourea and decomposition of the arising alkylisothiuro-
nium salt with sodium hydroxide (22-6% conversion). Not in one case, however,
was the content of SH groups determined. Conversion obtained with such an eva-
luation procedure ranged between 50-8 and 90-9% (Table II).

Mercaptodeoxycellulose

Still higher degrees of substitution than those reached in the preparation of 3-chloro-
-2-hydroxypropyl crosslinked cellulose may be obtained in the preparation of chloro-

TABLE V

Reduction of thiosulphatodeoxycellulose Va (05 g) to mercaptodeoxycellulose ¥Ia (conversions
¢. calculated from the content of functional groups — mmol/g)

S &%
50 mm-Na,B,0, HS(CH,),0H SH
mi ml mmol
%  mmol/g olfe v
30 0-48 3-22 1-00 043 319 506
2:5¢ 1-00 5-16 1-61 0-44 84 286
10-0° 1-50 699 2-18 0-53 102 245

f’Reduction of Va prepared from IVa via a 70 h reaction with 25 ml of 12-5M-Na,S,0, at pH
m‘xhe range 7-7—7-9 according to ref.>. ? Reduction of Va prepared from I'Va via a 143 h reaction
with 25 ml of 12-5M-Na,S,0; at pH 9, with tributylphosphine (1% v[v) added instead of 1 mm-
-EDTA (c/. Experimental).
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deoxy cellulose powder (Table 1V). Sufficiently long reaction times are then needed
if effective substitution of chlorine with thiosulphate groups is to be achieved (Fig. 1);
e.g., Vla, prepared by reduction of Va after a preceding reaction of IVa with Na,S,0,
during 143 h contains 530 pmol SH/g (Table V), i.e. by 51-4% more than in the case
of the sample reported in the preceding paper®. Similarly to 2-hydroxy-3-thiosul-
phatopropyl cellulose, also with the initial thiosulphatodeoxycellulose mentioned
above reduction with sodium borohydride appeared to be less suitable. Although
the sulphur content changed almost stoichiometrically, the product contained only
652 umol SH/g.

The increased reactivity of chlorine due to the a-halohydrine grouping is also
indicated if one compares the kinetics of the reaction between 3-chloro-2-hydroxy-
propyl Ib and chlorodeoxycellulose 1Va with sodium thiosulphate (Fig. 1). Within
the time (124 h) when one half (50%) of chlorine is consumed from chlorodeoxy-
cellulose and replaced with 46:9% thiosulphate groups,within an analogous time
interval — (7o.5) — (20 h) only 29-2% thiosulphate groups are incorporated in
3-chloro-2-hydroxypropylcellulose.

p-Tosylcellulose also is a more reactive alkylating derivative than chlorodeoxy-
cellulose. For the preparation of spherical cellulose a procedure has been modified
in which aqueous sodium hydroxide is used as the base in tosylation instead of the
usual pyridine'®. An advantage of this variant is that wet cellulose might be used.

TABLE VI

Characterization of 2-pyridyl disulphide derivatives of celluloses (c, — content of 2-pyridy! disul-
phide groups)

Initial compound [—SH] ‘p
pmol/g umol/g
la 25234 143 23394 12
umnt 1672 4+ 67 1049 4+ 17
1lle 4280 + 104 4236 + 03
Viad® 437-3 4+ 23-8 4406 + 115
Vic 5564 75 271-5 4 230
Xd 185-54- 58 7824+ 31
XIa 60-2 + 27 61:7+ 70

“ Sulphur content 4-88% (c/. Table I1I). b prepared from IVa via a reaction with 25 ml of 12-5m-
-Na,S,0; (70 h) followed by reduction of ¥a with 10 ml of HS (CH,),OH in 2-5 ml of 50 -mm
-Na,B,0;.
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In this way drying is avoided which in the case of bead cellulose is mostly accom-
panied by an undesired drop in porosity. Regenerated cellulose is sufficiently reactive,
and at the molar ratio toluenesulphonyl chloride: cellulose = 1, conversion up
to 25% is reached already after 1-5h. An intermediate product in the preparation
of thiolcellulose is S-cellulose-O-ethyldithiocarbonate formed from tosylate by a re-
action with potassium xanthogenate. This procedure, suggested for the preparation
of low-molecular weight thiolsZ°, has also been employed with sugars?! and starch®.
Also with cellulose the reaction must be conducted for a sufficiently long time if high
conversion is to be reached (at least 16 h). Hydrolysis to thiol can be accomplished
under very mild conditions by action with aqueous ammonia. Tosylate was also
used in an attempt to prepare thiol via isothiuronium salt?? obtained by a reaction
with thiourea (after boiling for 8 h in ethanol the conversion of tosylate is 36%).
The isothiuronium salt is hydrolyzed by heating with sodium hydrogen sulphide
similarly to?®. According to the IR spectra, the thiol derivatives prepared by employ-
ing both procedures contain only traces of unreacted tosyl groups.

Symmetrical and Mixed Disulphide Derivatives of Celluloses

Symmetrical disulphide derivatives of celluloses were prepared using dithiodiaceto-
hydrazide and dithiodimethyl isocyanate. The first of the disulphides reacted with
carboxymethyl cellulose methyl ester as a monofunctional agent; although the product
of this reaction (0:96% sulphur) contained after reduction only 62% of sulphur in the
form of SH groups (185-5 pmol SH/g), these groups represented up to 88% of the
incorporated sulphur (0-68% S). Conversion of the reaction between cellulose and
dithiodimethyl isocyanate was comparatively high (39~5%), but the resulting product
was not uniform.

In addition to symmetrical derivatives, also mixed disulphide derivatives of cellu-
loses were prepared, by a reaction between thiol derivatives of celluloses (11, VI, X
and XII) and 2,2-dipyridyl disulphide followed by reaction with cystein. Both
reactions were quantitative, data on the concentration of 2-thiopyridone released
from 2-pyridyldisulphide derivatives are in good agreement with those on the content
of SH-groups determined with S5,5'-dithiobis (2-nitrobenzoic acid) (Table VI).
Similar results are also obtained by the reduction of 2-pyridyldisulphide derivatives
with 2-mercaptoethanol or sodium sulphide, e.g. in the case of cellulose derivative
/la reduction with 2-mercaptoethanol released 266-3 pmol of 2-thiopyridone
groups/g, while reduction with sulphide released 277-6 pmol/g.

One of the authors (P. G.)is indebted to Dr J. Stamberg for bead cellulose ard to Dr H. Kertészovd

ior the assistance in the preparation of 2-hydroxy-2-mercaptopropylcelluloses. Our gratitude is
ulso due to Mrs L. Barteltovd and Miss 1. Mutirova fer technical cesistarce.
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