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Abstract

In this study, batch or semi-continuous reactions, introducing site-specific carboxylic acids in B-1,3-glucan

structures, were performed to increase water solubility and gel forming ability, using TEMPO/hypobromite with or without
NaBr as catalysts. Regio-selective carboxylic acid formations were determined with infrared (IR) and *C nuclear magnetic
resonance (NMR) spectroscopic analyses. The regio-selective reactions with and without NaBr gave oxidation yields of
92.5 and 85.6%, respectively, in the batch type, and yields of 93.9 and 86.4%, respectively, in the semi-continuous type.
The reaction times in the batch and semi-continuous reections without NaBr were delayed by 100 and 150%, respectively,
as compared to those with NaBr. A combination of IR and *C NMR analyses were used to confirm the formation of
carboxylic acids in B-1,3-glucan. From the batch reactions with and without NaBr, the water solubilities of oxidized
products were 50.0 and 55.6%, respectively, and in the semi-continuous reactions they were 52.6 and 53.5%, respectively;
while the water solubility of the native B-1,3-glucan was less than 1.0%. Finaly, as compared to the native -1,3-glucan,
the gel forming ability of the reaction products was grestly increased irrespective of the presence of NaBr or the reaction

type.
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23 glo] AEggel AT 27 ek,

284 TaRel 284 ST S8 AEes fE
S 2EAe] AARE Balsld A%F wel2 Azele
el ATFEL ATk AT, 2uHE AvE e Qo) A
Q@yol FA3) il AdHE BAde] AT gk,
EjR Akl ulalel (non-specific) 4alel 41212 (specific)

Arst7Iel low HldEE Akske ool caboxylic acid
group} carbonyl groupe]l B =T ¥Ho g UdRe] 13}
acohol group #wk olujg} 22} dcohol group= AHERHRS-o) Fo
stk @do] A& gith(5,6). A4 Atshubg-2 iR
E3 groupits: ABIA71E 7IRe 2 Miyazawa 573 Andli 5
(8)2 nitroxyl radicd?l 2,2,66-tetramethyl-1-piperidine oxoammonium
(TEMPO)E- Zm|2 A18-3le] 12} doohol”]E carboxylic acid =

2 ddehydes®, 23} doohole ketone & WEA 7] WES )
wsl9ith. De nooy 5(9)& TEMPOSH hypobromite2 SAJ¢ &

w2 ARg-ate] 14} doohol71%HS carboxylic acid® 5ol A3t
A7NE L NEElem, Changt Cho(10)e S4+A%, &
AR, pFupdE @ AEF 0 ~ola) TEMPO/hypobromite )=
o]-§-gk 1%} dcohol group 5o1% Atshyel ofsk Mo 484
TWMHIL Carol ekl A AT FFAIZ T B8 Chang
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TEMPO/hypobromite Zvjj2] A{A Al H7k== NaBre 54
EAE 7)13AG g7 S4EAE SAAE ¢ AL HF A
obdA EAlel H7] Al FEEd 9% 3ES 2A3AA 7
o] ATH1213). ]oll NaBr 7} Eol& Akshuk-g-o] AFES]
o 7ZAAEZ o-D-glucopyranoside?] 4FsH(14) 2 sucrose?] 4k
3H(15), SR Asl1e) 59 A77F BHAaETh AR
NaBr 737} 5ol Ashik-go] &3 B-glucan®] 874 St 4
A Pds ol st 5olF 43t dFte BiER @gken
5ol ASMAAES Ui A7) $sk 3182 (batch type) wE
L3} WAL uk-g-(semi-continuous type)el] e G A B
ER] ekt

£ AFelM= NaBr J7F o5 3 322 g3 WS gt
<ol 93] B-glucans 5ol AFEAA NMR, IR 55 ©]&3t]
AbspES- AHES TSI A ES] 84 2 A 3459
Hels glstarzl sk

T W

B-1,3-Glucan® Sigma Chemicad Co.(S. Louis, MO, USA)ol|A
TY4etH e, TEMPO= Aldrich Chemica Co.(Milwaukeg, WI,
USA)ZHE], NaOCl -89(10%(wiv))+ NaBrS Junsei Chemical
Co.(Tokyo, Japan)ollAl Z}zh Fiste] ARGt L & A9k
EP 579 AlFS ARt

AE &

L4342 (RBC-10, Jeio Tech Co. Ltd., Dageon, Korea)7}
A€ w7l Askeas ¥ dAS pHE FX8H7] 9
sl

+ pH 2524 7](718 pH STAT Titrino, Metrohm Ltd., Herisau,
Switzerland)E $1A43te] AR EE NaOHES ZFHZ 71533

¢

£

etEdel s B fale SPoe a&dAEErI(vs2
SMTN, Vision Sdientific Co. Ltd., Buchon-s Koreg)o} 3713
71(3DV04, Jdl Scientific Ind. Co. Ltd., Seoul, Koreg)Z ©]&3}
At

NaBr &7} 2 2&7i0f| 2l B-1,3-glucan S0|H 2Asle| 3
24 S

Eo] B89 B-1,3-glucan 1.62¢(10 mmol, anhydrous glucose
units: 71E0 2 AANS 200 mLe] EFFUol] EAAA FEk
S A3 F, TEMPO 16 mg(0.1 mmol), NaBr 05g(4.5 mmol)
2 10%(whiv) NaOCl &9 1575 mL(5.50 mmol)& F7}ske] wt
ShS ZAEATE HESAHo] 4 M HCS ©]&3le] pHE 1082
g T AEES ARBIATHE WS 913 4 pHe= 108
e v Az 3E-S). NaBr F37F A8 NaBr 05
g Al %] SHRTE A1 7899 pH= pH A4
715 AFE3led 05 N NaOH §o 2 A3 (pH 108) =
dgen, sreens L5842 (RBC-10, Jo Tech Co. Ltd,,

sl Mgl 4 A MSIEE| 3

abahkge] FAL dHE pHE AR5
7} 20 mL(10 mmol NaOH) Z71%9&
), 125 mLe] eSS HU7Kelal 4 M

B-1,3-glucane] 7154 147

2 FENA 18 FANAG. FAT Vel 2309 of
Beg Wil dste R
B2 APRsel 45 AAsYon, 58 AaEe

NaBr &7} I A0 2/gt B-1,3-glucan S0|X Aksjel i
i&4 HES

Z5F<4 100mLel B-1,3-glucan 0.81g(5 mmol, anhydrous
glucose basis)g €2 ¥ TEMPO 0.1 mmol(16 mg)s+ NaBr 05
g, 10%(wh) NaOCl 1575 mL(550 mmol)S Fo 3} th(E] 4]
g 2ARTE AA 2971 (V29 FEE F4FHI FuE9
TEe MR FEIAE, olgA AA WA (13)] =S
EAA7IHEA Erle] sE2E Z7MR olfE Ay Ax
103] A&nk3o] AP =N Trkele HE AHES
HH317] fI8te] aobst Zom, @ ol Akshke-g 9%
A MEEAIZES A £ e HA™2AAS IR
9l). NaBr ¥-37} A E& NaBr 05g 4l S0 =552 3
Stk RESEEE 25+ 005°CE 54 Al71HA pH A58 7]
£ o]&3l] 05 N NaOH= pH 10.8% FAAHTE &BEE 05
N NaOH7} 10 mL7} 2 wj7hx]9] whg-g 18] whgo 8 7h5s
A2 18] WS F 2HjE NaoCls 71AS ®BEs] Qs 7
ZF 10%(wiv) NaOCl 15.75 mL<} B-1,3-glucan 10 mME 712
kst F WA M-S A= en, o] AAE 108 WHES)

il

off
w 5 g
N o e

s

| 5 mmol of primary alcohol (B-1,3-glucan) in 100 mL of water I

<— 0.1 mmol TEMPO
<+— 0.5g NaBr

<+—— 15.75 mL of 10 %(w/v) NaOCl

I—>| Temperature of 25 + 0.05C, pH of 10.8

Addition of 15.75 mL Maintaining pH 10.8 with 0.5 N NaOH using pH
of 10 % NaOCl and STAT
5 mmol of substrate ‘

| Addition of S mmol sodium hydroxide |

‘ Quenching the oxidation reaction by the addition of ethanol 2.5 mL ‘

!

‘ Adjustment of pH at 7.0 ‘

!

‘ Addition of ethanol 3 volumes of reactant ‘

l

‘ Precipitation of the selectively oxidized product I

!

‘ Titration with ethanol 2-3 times ‘

|

‘ Drying up under vacuo at 45C l

Fig. 1. Schematic diagram for the specific carboxylation and
separ ation procedures of B-1,3-glucan.
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o NeOCI?} 714%he d7kslel WiA%a) whe-g ezt 4

BHiA M5l HESe| FZ A B-1,3-glucane| =2

AbsL wkg-o] 248 25 mL oESS HI7MZ F pH 7.0&
L7, REEE0] 230 CEhES HUtele AlES AXAIA
HEE o]§, 7% st dojxl FHES 60°C 33l 7
ZAA B AR ES ATk
IR 24

NeBr 7} &2 F37F vhgoziE dofdl HF &<l IR
gectrumS A3t IR spectra= KBr pdlegt S o] 83k
Fouier trandform infrared spectrometer(FT/IT-620. Jasco corp.,
Tokyo, Jepan)E ol&-3te] Zgslgion] e an'z Yeh
Art.

BC-NMR 24

NaBr 37} Rh-g-0 2 7E] fojxl HF 4] BCNMRE 4
31T NMR spectra= Bruker AMX-500 NMR(Bruker corp.,
Bremen, Germay)2 ©]83191%, AtstE B-1,3-glucang D00
BmgmL FE2 AT, d2TEA AR 2 B13-
glucans AHE-3FATE
E0|¥oz MSHEl B-1,3-glucane| =8

B-13-Glucan®] Atsiih-go] FAE §, 3]st AxRAT NS

o) pg ZHe Tt Pe PO T

%100

2~ ﬁé—é—‘ﬁ]?%(DWWegmb@S)
T&(%) = b1

3-Glucan®] F-7|

=0l cist sz &

Eo 3t galEe B-1,3-glucan 2 AREIIAE EAH (10 my/
mL) 5 mLE 25°CollA] 24N 7F wRIAIZ] & 5000 goll A 208
ZF AR sk] e 10 mLE FHskal 200 mL oleeS 3
7¥stsith ThAl 5,000 gellAl 2087 AsliEElste] AHES 3]
S8l 60°C XFQEoM Az, A3 F 100 mLe & &9
SE FAE S8t = g E=RE ASAT

# Mo 55

B-1,3-Glucan & A3} E 3%(wiv) EAFES A% 3 1 mL
E 4%(whv) 100 mL CaCl, & (pH 8.75)00 s+ &4 Hojrtg]
X A P4 oRE AR ol FAEE Ao 348 W
A&7 gleke] CaCl, 842 800 rpme] L= WHEAIZ|HA, AF
MR S s Wojmy ok £ 20 mLS 30 mL
A2 H(25 mm diameter, DagHan Sci., Seoul, Kored 22 £71
T WZE AeoA] FR & A" A Eols SN

NaBr &7t & S0l 2l 524 43

HES- AJZde] uh2 NaOHe| &M% B-1,3-glucane] 12} dcohol
groupe] At3lE= s Uepdth 3824 w-goA NaBr 7}
g 77t o)st B-13-glucan®] AFsh&2 Fg. 291 2t NaBr
A7F Al HEEAIZE] w2 A EE XEA FH F4E 2
gom, g 2rlds F43] S7IsIoy vhe-o] ZlsiE[HA

25

(A)

20

Volume of 0.5 N NaOH (mL)

0 2 4 6 8 10

Reaction time (hr)

25
(B)
20

15

10
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Reaction time (hr)

Fig. 2. Yield for the specific carboxylation of B-1,3-glucan in
batch typewith (A) and without NaBr (B).

A E AT BItHFg. 2-a). o3 I A3 13
o= <1 2kst AAE Sk Atstel] 83 B-1,3-glucani ]
dcohol groupe] ZHAdHAl Hof AlEtEErE =EAE ZoR

NaBr 737} Al WEEAI 7l whe Absha2 NeBr 37hh8-3t
AR AS BATHFg. 2-b). WHS 277kl NaBr ¥-37) 7
- 05 N NaOH7F 11 mL Z:H]=|o] NaBr H7hike- 16 mLe] oFf
69% T2 WSS Eth

NaOH 20 mL7} 2H]E w2 7|30z 3 Ak} ukse] HEA
7he, NaBr 7k 73071 A1 242t 97k 18K 7Fe = NaBr -
A7F wkgeol AS 2v) =2A A=A Bragd (15
Lemoaine 5(16) &A1 NaBr F-3 71 vhe 7t Atjdoz =
Ao 2BAsklnh 324 wkollA NaBr 7 of ol #Agl
o] AFHo = 05N NaOH 20 mLE ZmH]3te] NaBr F-3 7}l
o3 HFFeolre] Aol HolA 3ttt

NaBr &7t & 270l offt HeiA| Hig
HEAL:4 wkgoll A NaBr 7F 2 7371l o9 B-13-
o] AelEEs Fg 3% 2tk NaBrg 7heh 749, milss
&) 3157 F71EFE NaOHO| 7] 2H|&E7) thd
T %ol Aslont A<l NeOH 10 mL &¥lE BF 55
AthFig. 3-a). NaBr 7} whgellx %7] 1085< &M=
NeOH g2 Sl7t S71E5% ast 2, 4, 6, 8, 103 o
7% 747+ 81, 80, 7.9, 66, 48 mLoIiTh. ol 347t WFyE
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(B)
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Fig. 3. Yidld for the specific carboxylation of B-1,3-glucan in
semi-continuous type with (A) or without NaBr (B). Error bars
arenot shown. @, 1%-; O, 2™-; A, 3% A 4" W, 5" [, 6™; ¢,
7 O, 8« g - 10™-recycle.

TF 2790 S A oWt #E 10 mmol NaOH
] AIZE A 19, 19, 27, 33, 3B 5Oo2 Tt AES
BRIt NaBr ¥-37)F w+3-9] 2 4, 6, 8 108 ¥ 3% 7z
6.7, 50, 20, 15, 14 mLoIit}. Z, NaBr F-3712] 7% NaBr
A7} Bt 27] vheEw o] 7HAa7) FEelsiglon 10 mmol NaOH
Z:H] AJ7bo] 25H) Eoldt 100%0] A2LFATHFg. 3-b).

WAL whgox 13] F49] 79, AEdh 32 wkge] 4
IHFg. 29t FUSIA B WS FAAIZI] FolA= ddel Y

S, ole wkddlo] Aol R vlE] dA SulE
o] FE7F MR FUIe AslA Bold Akshibgo] dojd
oM W7IAN Fuls Atele] HE STt soldl 7w
Aoz dAdE

IR spectra0ll 2|8t At5tEo| &fol

AN AFdES 3, AXAIZ F 13} doohol groupe]
carboxyl groupe 2 H3kd Z1& BRIk $Isted IR spectrophoto-
meteZ o]&-3lo] XA tHFig. 4). A3EA] 22 B-1,3-glucan
9] IR spectrum(Fig. 4-g)°ll= WFERER] 2t pesk?t NaBr 37t

B-1,3-glucane] 7154 T 149

g

4000 3500 3000 2500 2000 1500 1000 500400
Wavenumber{cm-1]

8 1,617em™

0 L L L L L L L
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i
2,930 crit !
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Fig. 4. Infrared spectra of native (A) and oxidized -1,3-glucan
with (B) and without NaBr (C).

= NaBr F-371e AshE9] IR spectrum(Fig. 4-b, c)ollX=
1617 cm® g F2ollA UERT o] peske C=0 %S #
Alske Z1e2 NaBr A7F 2 F-37tol o3k Abshukg Aol
cabonyl groupe 2 AFSFE S-S oJwghtt. BEgt Fg. 4-bot col
A} 3,000-3700 cm* G2l O-He 4EAF F5 pekr} ubst
Al vERFAL, 1,640-1,820 et 99 e] C=09] AE5XF 5 pesk
= 75 YERen, CHl9 §45 YERE 2,930 cm? pesk
= AEgn) ol F3el W NeBr d7F 2 FA71 w-gl
oaf acohol groupell €J3] YEhtE pesks E°1E5L carboxyl

groupell 218t pesk= S7BIESS & & ASTh

BC-NMRO|| 2|gt &t5Ee] &l

B-13-Glucan®] #% AksHEo] 12} dcohol groupst Aeizo s
abskEl WHSERIA] ol W 23}, 3% OH groupe] EZ Qs 2t
7F dojt wkSRIXE dolry] 93] BC-NMR2] chromatogram
S X3 YFig. 5). ®C-NMR2] chemica shifts s X,
12} doohol groupe] AEIZ & carboxyldt B 7-$-oll= 170-180
ppmell A pesk7t A E™ 221 & 33 dcoholo] ketone group
3} ddehyde groupS 2 AtslEl 79l 198-205 ppmellA pesk
7F A E e, ARsREE Aol YERA] o 178 ppmi-ZellA
pesk’t AFE-g- Tl AAEATHFG. 5b). °l= B-13-glucan
9] 12} dcohal groupe] AEIZ o2 carboxyldt IS ¢Jv]dh
t}. Pak(17)& BCNMRE o] g3l 4452 12} dcohol
groupg Aeld oz AtslAzl 2ol A 1781 ppm peske] A4
< I
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A)

(i [ B 0 )

ppm

(B)

B0 10y 12D 100 B
ppm

Fig. 5. ®C-NMR spectra for native (A) and oxidized (B) B-1,3-
glucan.

S0|8oz MstE B-1,3-glucan?| T8

NeBr 37} & F37t vhgogRe dojzl 2F AEE
TEL Table 13} ). 3182 dH-golx= NaBr 37t =&
A7t A0 zhzt 9259} 85.6%2] 4HEES BT Wk
2] WkgelM= 7Hzt 939 ¢ 86.4%9] Atsl&-S JERSlth &
05 N NaOH 20 mL7} B5F &H|=H o]&4 F-8o| 100% 3l
ot AAl doixl &2 o|Ht} Yol 34 uh-golA] NaBr
A7 2 FH7F 24004 72 759 14.6%, REAEA] 3o A
74z 61 9 136% A 3|4= Sl Kao 5(18y A7t =
NaOH= ZHZ o2 12} dcohol groupe] carboxylationol] A}
L5 Aol ol F7AAAES hemiacgtd FAlo) AHEEH
hemiacetal©] carobxylation =71 934+ F7H4Q g AIF &
uke Ezlo] Fasitly Btk E3] NaBr 371 A0

B e Lo

pi
.
pi
.

Table 1. Comparison of native and oxidized B-1,3-glucan on
water solubility and gel forming ability

Group  Yield (%) Water solubility (%) Gel forming ability”

A 2 <10 3
B 925 50.0 ++
C 85.6 55.6 +++
D 939 52.6 ++++
E 86.4 535 +++

YGel forming ability was rated with number of ‘+', according to the
height of gel in 30-mL vid; +, 2.0-4.0 mm; ++, 4.0-6.0 mm; +++,
6.0-8.0 mm; ++++, more than 8.0 mm height of gel.

INot tested.

9Gel was not formed.

A, B-1,3-glucan; B, with NaBr oxidized -1,3-glucan from batch type;
C, without NaBr oxidized -1,3-glucan from batch type; D, with NaBr
oxidized B-1,3-glucan from semi-continuous type; E, without NaBr
oxidized -1,3-glucan from semi-continuous type.

After standing

Before standing

Fig. 6. Photographic representation for the determination of gel
forming ability in samples standing before and after 1 hr. A, B-
1,3-glucan; B, with NaBr oxidized 3-1,3-glucan from batch type; C:
without NaBr oxidized B-1,3-glucan from batch type; D, with NaBr
oxidized -1,3-glucan from semi-continuous type; E, without NaBr
oxidized B-1,3-glucan from semi-continuous type.

A AA 3|4 AHE4go] NaBr 7 wH-sroh oF 7-8% Wk
=4 °]+= hemiacatal©] carboxylaion® 713+ A] NaBro] &kt
o T8 3= Aoz garETh

E0[Xoz MslE B-1,3-glucane] 0 Cigt Sz

NaBr H7} & F37F vhgo 20 dofxl HF AdeEe
Eo| i3t ga=e] A= Tale 13 7o} 4bslER] e 513
glucar> 1% oJ3te] &S Zhar dlout NaBr 747} o o
A7t s we A e
Fom wrALA HkgoA =
HeRH T ol
o]# AkshukSo]
eS¢ Iﬂv} ChangJJr Cho(10)=
© SEEAE, AR, LS 45%wiv)

= TT 1__ 1_ y
SRS R 8.42%(W/v)77}x] =7 Ak

747} 526, 535%¢] 44 %7
NeBr 27} o 5 vk ol BrAglo] 5
ofa) BB $840l YrlHoz F7}
1% olstel =T 2
F7H, 48

Mﬁm

x-ll ggl—

NeBr 37} & Y37} whgo2XE Holx HF AEE
A YAe Tale 13+ 2T} B-849 B-13gucns AL P4
5% Zahl(Fig. 6A) Soldow 4slE B-13gucane BEY

3l AL FAsPon A ZolE B3l PFAS5LS HYE 3FE2A 9
- NaBr 7371 whgAd =], k] uhg-e] 4 NaBr 3

7} whg A Eo] 2zt Al Fasol $aiiti(Table 1, Fig. 6
B, C, D, E). ol#gl Al AL Eo|3F carboxylfﬂ- HESo)| o] 5}od
A73% carboxyl group®] pHell 93] 2o]23} =3 FolS ¥
£ cdoium F3tel A%S B3l AL FYF] wjEolth Solx
Aste] ofgk tRel A AT AY B e SeedE, &
AR, IR Y AR 02N 2ISIUTH10),

F

2 o
E84 B-13glucand] = thig 78433 A IS T
771 9190 B8 Ee weida wga SulA NeBr A7 2
27k 2AL AT, Nebr A7 w59 A 2 o
W51 NeBr B7REol Hls) WSFANO] 27 100
150%% =i o =of =, & S °

ol UEhiAu S24 wkgelA NaBr A7t ol #rgle]

5
48L& NaBr H7F =73 FdatA ﬂ"i‘:‘r %’\]{u ZP
o)
[<)
vk B-1,3-glucane] 14 4tst A

05 N NaOH 20 mLE &



5o]2] 72543} whgol 2% B-1,3-glucan®] 7154 B

3e] o2 501 100% 8-S Hoy 4w ABlES NaBr
F37F 9 T&°] NaBr 7} Wh-g-Hh ‘%k 7-8% okt =
& A3EES 2O B-1,3glucand] WHAEA A ATE Ea)
AshkgEe] i Aol Thsstel AA A, 7ISHAE, &

TR 59 Al g 849 U Ao= JigEd.
53] NaBr& 7k FaAME BolAQl 4siNbe-S =g
24 Aol grE A3} B-13glucans AN 5 S-S

A3},

tru r
NE

AR =
2 ATe TEE 7SN EANE (204023-03-3-CG000)] A
Aol s a3 ArAte) AR 2R ol A=Yt}

o
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