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thiol2ke] #x3Hg % 3hik3o djgk GC/MSH+
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ojde] dAFfME HEZAE N-halosucci-
nimide®} triphenylphosphine© 2 gl =2
28 x=E AL+ chlorodeoxycellulose2} bromod-
eoxycelluloseE 31202 #A|Z3l= Hhd s
270882 (Furuhata et al., 1992a, 1992¢) =
3} o]283t halodeoxycellulose®} inorganicionE
Atole] @Mzt 2 EHEGo] disi = Rt
(Furuhata et al.,, 1992b). £ 7= 4zz] &
o Aol A halodeoxycellulose®} z}Z thiolF
Atolo A dojue Bty X Eekgo) s B1
st} gtot. Thiolfe &2 deoA o &
3L HAdACZ 7|diEz Aok

Vigoe} Welch (1970)& &3}43} thionyl chlo-
rideo] ¥Fg-& F&| w2 chlorined@da(Cl, 4.7%)
T} sulfite estere] FejzA 0.6%9] < 535}
e AEReA FEAE AL

2 dFellHE 0.9-1.0At0] 9] chlorine & =&
Z]U+ chlordeoxycellulose2} 0.6-0.8A}0]9] bro-
mine x| EE #| = bromodeoxycelluloseE A}
£33t} ol9} 22 2 AMEE A Y= chlor-
odeoxycelluloser= F =& 6-chloro-6-deoxyglu-
cose?} <Fzte] 3,6-dichloro-3,6-dideoxyglucose
@92 FA =] 2t Bromodeoxycellulose2] . 7
o % =2 6-bromo-6-deoxyglucose2} 2k7te]
Y57 e R~z T4 Aok
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zZE9ed, N, N-Dimethylacetamide (DMA)+
calcium hydridez2 7Az3st1 7Z¢ZFste ALL3)
%t Thiolfe AlFE& AR
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n| M 2R3} E =2 9 ~= Furuhata et al.o] H
(Furuhata et al., 1992a, 1992¢c)¢|| utat &=z A3}
HAo AlzdE @273 AEZ oS offELE
3|t ohA ofM| B} wiRRE 2 of ¥ Al HEo
Na,CO;E Al&3}d pH 1152 ZAHFHQUY. =2
= B3 FIFRFE 341t 5o n AddEstd
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cellulose] 2Z/F Ao thiolF+= Methanethiol,
benzenethiol % 2-mercaptoethanol®] 4] thiol
&, amino group2 AU+ 2-aminoethanethiol,
carboxyl group£& AY+= mercaptoacetic acid, 3
-mercaptopropanoic acid % 2-mercaptobenzoic
acid, 18|31 cysteine®] 8FF L. FojA L%
oA} Halodeoxycellulose$} thiolf2] THES
NaOHFgoA & A oA ¥HgAIRL E3F o
g2 ¥ AFT F ZAddzE A

);-]
gdz24 94 (Cl, Br)o} 3 g8k oxygen fla-
sk combustion ¥ (Kinoshita & Hozumi, 1965)
of ue} 2= ¥ tigt X3z 2 A4ltE
ok w32 i FHd AHEZHLE Fourier-
transform infrared spectrophotometer FT/IR-3
(Nibon Bunko Co.)& AH-3ldq FA =AUt 345
2 FZ £ AF 78] ¥ gas chromatography
(GC)¢} combined gas chromatography-mass
spectrometry (GC/MS)dl| 9J3l ZAL=E|Qich A&
10g& 5T 82% 32+ &9 2mlol| &3 w7t
A @7HEAS. FRF 25m0E HUGE ¥ 441
=<t reflux Al#A barium carbonate® Z3}A|A
o). YAlE e & barium sulfate® A AHsm A&
Ae x=3laed Reacti-Vial2 &7 trifluoroace-
tate (O-TFA f=A)2 e F GCe GC/MS
EAst9n. old AMg® GC= GC 4BMP
gas chromatograph (Shimadzu Corp.)E 2719]
E3o]23l 7Z7] (FID)7} #& 5o glon, 7+
o] 1AHAL SE-30 (on Gas Chrom Q, 100-
120 mesh, 3 wt%)¥tt. GC/MSE Shimadzu
LKB-9000 gas chromograph-mass spectrometer
g1 GC¢ GC/MSe ZzZ7A-L Furuhata et
al.e] ¥ (Furuhata et al,, 1992a)3 FU3+ A
& Agsiar.
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-14—18-015
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C= {(Mx+1 = OOS)XMsXX—Mx(MTXS_
100XM5)} (3)
A DS = DSo_(DSs_DSx) (4)

My, Ms, My, 2 DS;= 2 27949 39
Az, A}e=  thiole] Ex1=F agm ¥heA
halodeoxycellulose2] X =Z vtebiict. FE3F 2
B8-S 2tslAl =435 olele] e 2o
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CH,OH CHypX CH,—S-R
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ADS Scheme 1.

Aol ool E F 2%o] hallodeoxycellu-
lose¢} thiole] ¥F2-oX = 3,6-anhydroglucose}
5,6-glucosene T2 EZ9 FAHE T3t
o} gttt FE3F hallodeoxycellulose?} &85t &
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27 947 oz X XFL(%)L 100X
DS/DS,2 vepd 4 At} Table 12 chlorodeo-
xycellulose$} thiolsz}e] ®HE-& QoFs 7ol
ChlorodeoxycelluloseE A £7F29 A4 thiolE=
Halg A S 32-64% 9] & XF&E Uehlle
o, 0.3N o]gte] &zl AtejoA ¥hgo] X3
7S ditdoz ReFHoz AHHE HEE (4)
o] Zit}t. Carboxyl7|E& Ad 3FF9 thiolz
cysteine& F7l¥ dztg] =7} thiolsExHT) &
< W ghgo] A= o] Foix=] LUt Mercap-
toacetic acid ¢ F&#3% ¢Za] AHoA X&&
o] 34% =2 3ZFE AT 3-mercaptopropanoic
acidZ$ (4)9 ®l&o] =A Yeign X3

Table 2. Reactions of Cell-Br with various thiols

ekt

Table 2= bromodeoxycellulose2} thiol A}o]2]
ghg-& UERdth 2o ¥ 45°ColA
# chlorodeoxycellulosee] ¥Fe-zZZd] B]& mild
PAL g ELS o E Aoz Yyt 4
thiol 2 x2l8 7% 40-70%At0l9] =& X
22 Ueh}o] chlorodeoxycellulosed] A2} nj7}
Az wgAge] 5 ehigich ¢ 60C)
=& g7 oA ¥hgo] AYE= H$ 3,6-
anhydroglucose$} 5,6-glucosene ©$]2] F+7 <l
HgES] Ao FEHF oY A& A YE
ot

i

o [SH] SH/Br Added NaOH Other Products

io

o. mol/l mol/mol N conditions® DS, Yield(%) DSs DSx Con.(%) ADS

18 Methanethiol — 0.5° 23 0.1 B 0.79 714 0.55 0.17 70 0.10

19 Benzenethiol 0.1 5.9 0.1 A 0.70 87.5 0.36 0.43 51 —0.09

20 0.1 5.9 0.2 A 0.60 70.1 0.41 0.30 68 —0.10

21 Mercaptoethanol 0.1 5.9 0.1 A 0.70 90.2 0.28 0.36 40 0.06

22 2-aminoeth- 0.1 5.9 0.2 A 0.60 62.7 0.28 0.07 47 0.25
anethiol

23 Mercaptoace- 0.1 5.9 0.2 A 070 788 010  0.54 14 0.06
tic acid

24 05 30.5 0.7 C 0.79 33.9 0.03 0.02 4 0.74

25 3-mercaptopr- 0.1 5.9 0.2 A 0.70 91.1 0.11 0.51 16 0.08
opanoic

26 0.6 32 0.6 C 0.79 64.0 0.31 0.40 39 0.08

7.3¢  0.58 0.43 73 =0.22
27 0.5 29 1.3 C 0.79 8.7 021 0.09 27 0.49
16.4¢  0.31 0.05 39 0.42

28 Mercaptoben- 0.1 5.9 0.2 A 070 887 0.6  0.50 23 0.14
zolc acid

29 L-cysteine! 0.1 5.9 0.2 A 0.70 79.7 0.12 0.65 17 =007

¢ Bath ratio was fixed to 200. 24 h at 45°C; B, 46 hat 45°C; C, 48 h at 60°C.

® Used as sodium mercaptide.
¢ Soluble fraction during dialysis.
¢ Used as HCI salt.
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Fig. 12 Chlorodeoxycellulose2} o] o 2 HH
HAAE Z4F & F=EA Hejd 2" EZe|T.
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Fig. 1. IR spectra of chlorodeoxycellulose treat-
ed with various thiols : (a) chlorodeoxycellulose,
DS 0.92; (b) methanethiol, DS, 0.39, DSs 0.40;
(c) benzenethiol, DS; 0.60, DSs 0.40; (d) 2-
mercaptoethanol, DS;; 0.40, DSs 0.59; (e)
mercakptoacetic acid DS, 0.63, DSs 0.31; (f) 3-
mercaptopropanoic acid, DSg, 0.18, DS 0.22; (8)
2-mercaptobenzoic acid, DS¢, 0.92, DSs 0.05; (h)
2-aminoethanethiol, DS, 0.46, DSs 0.24; (i) cys-
teine, DS, 0.80, DSs0.17

Benzenethiolz}2] ¥F8-& E31 A Eo] AdEY
2 Z7le] aromatic peakE HoF1 glon 2-
aminoethanethiol 2 #E 9] AHAEL 1585cm '
A NH; ¢ peake} 2500-3500cm 'l A 1749
shoulderE X ¢t}. Mercaptoacetic acid2 H-E
o] ¥FgE2 1575cm™ oA COO™ ¢ peakE }e}
ek 29 Ede 1100cn~'ggo A A 23
<8 o]ZL (4)9] 4L A & + AU

Cysteine®] 7<% 1635cm~'o|4{ NH; ¢ COO™ ¢
ZAE U + A¥oem methanethiol, 2-
mercaptoethanol& 57 %<l peak& Jeh|H &
otth.  2-mercaptobenzoic acide] 2F|EFL
aromatic peak7} YER}A] skt o= 3heH
WAel A=7t Bot7] W2 Aoz AlEEd. 2
E A BolA 721-755cn'9] T FFA4
< yehliden ol= #EEZA 2 C-Cl bond
o] EAdA 7)glEl Aoz HdFch o] HoM
2HEZo] Azt Table 12 EAZAzlels U3
stk

GCe GC/MS 4723}

ThiolF¢} ¥H-3-& 53 A2 229 384 +
ZE I3y Hsl FHEES WHERHTE F
trifluoroacetate(O-TFA) f=AH 9] ez s
o] GCe¢ GC/MS= EA5t9ct. (Furuhata et
al,, 1992a). Fig.2-5+ methanethiol, benzene-
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Fig. 2. GC chromatogram for TFA derivatives
of hydrolysate of chlorodeoxycellulose treated
with methanethiol in water at 60°C for 48 h (D
Sa, 0.39, DSs, 0.40). Peak a, a-D-glucopyra-
nose; peak b, f-D-glucopyranose and 6-chloro-
6-deoxy-glucopyranose; peak ¢, 6-chloro-6-
deoxyglucopyranose; peak d, 3,6-anhydroglu-

cose; peaks e and f, compound 6.
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Fig.3. GC chromatogram for TFA derivatives of
hydrolysate of chlorodeoxycellulose treated with
benzenethiol in 0.3 N NaOH at 60°C for 48 h (D
Sa, 0.60, DSs, 0.40), Peak a, A-D-glucopy-
ranose and 6-chloro-6-deoxyglucopyranose; pe-
ak b, 6-chloro-6-deoxyglucopyranose; peak c,
3,6-dichloro-3,6-dideoxyallopyranose; peaks d
and e, compound 7; peaks f, g and h were ten-
tatively ascribed to compound 8.
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Fig. 4. GC chromatogram for TFA derivatives
of hydrolysate of chlorodeoxycellulose treated
with 2-mercaptoethanol in 0.2y NaOH at 60°C
for 48 h (DSq, 0.40, DSs 0.59). Peak a, x-D-
glucopyranose; peak b, A-D-glucopyranose and
6-chloro-6-deoxyglucopyranose; peak c, 3,6-
dichloro-3,6-dideoxyallopyranose; peaks d, e
and f, compound 9; peaks g, h and i were tenta-

tively ascribed to compound 10.
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Fig. 5. GC chromatogram for TFA derivatives
of hydrolysate of chlorodeoxycellulose treated
with 2-mercaptoethanol in 0.2y NaOH at 60°C
for 48 h (DSg, 0.46, DSs, 0.24). Peak a, x-D-
glucopyranose; peak b, g-D-glucopyranose and
6-chloro-6-deoxyglucopyranose; peak c, 3,6-
dichloro-3,6-dideoxyallopyranose; peaks d, com-
pound 11.
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Fig. 6. GC chromatogram for TFA derives of
hydrolysate of bromodeoxycellulose treated with
3-mercaptopropanoic acid in 0 - 65 NaOH at 60
‘C for 48 h ( DSg, 0.40, DSs, 0 - 31). Peak a, a-
D-glucopyranose; peak b, f-D-glucopyranose;
peak c, 3,6-anhydroglucose; peaks d and e,
anomers of 6-bromo-6-deoxyglucopyranose;
peaks f and g were tentatively ascribed to com-
pound 12; peak h, 4-0O-(6-bromo-6-deoxy-£-D
-glucopyranosyl) -D-glucopyranose; peak i, 4-
O-(6-bromo-6-deoxy-/A-D-glucopyranosyl)-6-
bromo-6-deoxy-D-glucopyranose.
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thiol, 2-mercaptoethanethiol % 2-aminoethane-
thiol#9] ¥Hg-& F3 YAJE &2 GC chroma-
togramo|t}. Z}z}e] ¢hromatogramoll Al compo-
und 6, 7, 9 2 112 6-methylthio-6-deoxygl-
ucose, 6-deoxyglucose, 6-(2-hydroxyethylthio)-
6-deoxyglucosea 6-(2-aminodthylthio)-6-
deoxyglucose 2 FA = 2t}

IE3t, Table 3, 4941+ compound 6, 7, 9, 11¢]
mass fragmentation patterng HoF1 9t 2
6-thioglucose FE= | electron impact o
o3} o]e3}tE2l o1, compound 7-& arom-aticA

=1
=

=

L=

=0
=

Aol o3 ®l¢ =& FFAHES YR 6-
thioglucose =4 &2 A-As¢ E;o] frag-
ment ion© 2% &7/ Hct. (Kochetokov & Chiz-
hov, 1966).

o] fEA|9 thioether7+ZE thio FEAHE9
fragmentation®} @A o & JFL FUL. °]
A 2FRL2 FEANES HF9 fragmento]
250] £ A 710 Aoz Algdn
%3] . Carbohydrate polymers 27, 13~21
(1995)

Table 3. Mass fragmentation pattern(s) TFA derivatives of hydrolysates of the sample treated with

thiols

Peak b/Fig. 2 Peak b/Fig. 2 Peak b/Fig. 3 Peak b/Fig. 4 Peak b/Fig. 5

Peak /Fig. No assignment (6) (6) (7) (9) (11)
m/é rra. m/z r.a. m/z r.a. wm/z r.a. m/z r.a.
M* 594 1.8 594 3.9 656 50.2 720 0.1 719 0.3
M-CF,C00 481 6.8 481 2:2 543 4.5 607 8.4 606 21.6
M-CF;C00-CF,COOH 367 1.6 367 0.5 429 0.7 493 0.9 492 35
M-CF;C00-2CF,COOH 253 4.3 253 3.7 315 0.9 379 4.8 378 1.5
M-SR-CF3C00-CF;CO0H 433 13.6 433 1.5 433 0 433 0.2 433 0.1
M-SR-CF,C00-2CF,COOH 319 2.6 319 5.7 319 1.9 319 12.1 319 37
M-CH,SR-2CF;COOH 305 3.0 305 0 305 0.1 305 0.7 305 1.4
CH,SRCH 61 100 61 100 123 100 187 30.1 186 6.9
CH;COOCH,SR 187 4.2 187 1.7 249 1.4 313 0.7 312 0
CHCH.SR 73 2.8 73 2.7 135 5.9 199 28.6 198 0.7
SR 47 * 47 _» 109 145 173 13 172 83
R® 15 _ b 15 b T 1.8 141 100 140 57.2
CF; 69 38.0 69 33.2 69 12.0 69 52.9 69 42.9
CH.CH,S 60 0 60 0.5 60 0 60  98.6 60 100

* R is CHs, CgH;, CH,CH,OCOCF; and CH,CH,NHCOCF; for(6), (7), (9) and (11), respectively.

b Tntensities of ions of mass numbers lower than 50 were not measured.

m/z, mass number; r.a., relative abundance( % )
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Table 4. Important mass fragment ions of TFA derivatives of TFA derivatives of 3-chloro-3-

deoxyalloses

Peak

Tentative as-

signment’

Mass fragmentation pattern m/z(r.a., % )[assignment ]

Fig. 3 peak f

peak g

peak 1

Fig. 4 peakg

peak h

peak 1

Fig. 6 peakg

(8)

(8)

(8)

(10)

(10)

(10)

(12)

578" (47.2) [M], 465° (1.6) [M-CFC00], 351® (0.4) [M-CF,C0O-

CF,COOH], 319 (0.5) [m-SPh-HCI-CF; COOH], 241° (1.10) [M-SPh-
2CF,COOH], 227° (2.2) [M-CH,-S-Ph-2CF.COOH], 123 (100)[CH,SPh], 109
(20.3) [SPh], 69 (18.0) [CF,] :
578" (21.7) [M], 465 (2.3) [M-CF3 C00]J, 319(2.0) [M-SPh-HCI-

CFiCOOH], 241* (16.3) [M-SPh-2CFsCOOH], 123 {100} [CH,SPh], 109

(20.3) [SPh], 69 (18.0) (CF3)]

578" (18.5) [M], 465 (3.0) [M-CF; CO0], 319 (1.3) [M-SPh-HCI-CF,COOH],
241 (12.6) [M-SPh-2CF,COOH], 123[100] [CH,SP], 109 (16 - 8) [SPh] 69
(21.1) [CF,]

462° (0.3),607 (0.2) [M-Cl], 529° (21.6) [M-CF,C007, 493 (0.9) [M-Cl-
CF,COOH], 415* (2.0) [M-CF; COO-CF,COOH], 379 (1.9) [M-Cl-

2CF,COOH], 301° (1.3) [M-CF:CO0-2CF,COOH Jm 199 (3.6) [CH,=CS-
CH.CH,0COCF;], 173 (2.3) [SCH, CH,0COCF], 141(100)

[CH,CH,0COCF;], 69 (53.7) [CF], 60 (87.2) [CH.CH.S]

642° (0.3) [M], 607 (0.4) [M-Cl], 529* (0.5) [M-CF,C00], 493 (1.2) [M-Cl-
CF,COOH], 415* (6.2) [M-CFsCOO-CF:COOH], 379 (2.7) [M-Cl-

2CF,CO0H], 301° (0.8) [M-CF,CO0-2CFsCOOH], 199 (100) [CH,=CS-
CH,CH,0COCF,], 187 (26.8) [ CH,SCH,CH,0COCF], 173 (3.5)
[SCH,CH,0COCF,], 141 (62.8) [CH,CH,0COCF,], 69 (63.7) [CF,], 60 (37.3)
[CH,CHS]

642" (trace) [M], 607 (0.9) [M-Cl], 529" (5.9) [M-CFsC00], 493 (1.6) [M-Cl-
CF,COOH], 415* (1.4) [M-CFsCO0-CF,COOH], 379 (18.9) [M-Cl-
2CF,COOH], 301° (2.4) [M-CF{CO0-2CF,CO0H], 199 (4.0) [CH,=C-S-
CH,CH,0COCF,], 187 (100) [CH:SCH,CH,0COCF], 173 (1.1)
[SCH,CH,0COCF,], 141 (89.2) [CH,CH,0COCF], 69 (52.7) [CF4J, 60 (8.3)
[CH,CH,S]

538 (25.1) [M], 510 (0.5) [M-CO1, 425 (14.0) [M-CFC00], 397 (9.3) [M-CO-
CF,C00], 368 (3.4) [M-CO-HCHO-CF,C00], 336 (31.4) [M-CO-HCHO-
CF,C00-S], 222 (25.2) [M-CO-HCGHO-S-CFCO0-CF,COOH], 97 (22.7)
[CF,CO], 88(78.6) [SCH,CH,COJ, 69 (82.5) [CFs), 60 (32.1) [CH,CH.S], 55
(100) [CH,=CHCHO]

* The ring structure could not be clarified from mass spectral data.

® Accompanying ( A+2)ions, due to the presence of a chlorine atom, were observed.
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