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AWEROKBRE LR, BETH=31A¥—, KB=F A X553 1+ <AE
ODRE=F A F -5t LCHRIRELIREE > TE TS, ZOHTY, AA 4= A3EE
ERTH Y, ECHENRERIMRECHFETIRLEBERAFRERTH Y, ZOHEHFA
BoMRBL, SENTEDTEERRETHLEELS,

B0 -1 7THIL, THENRKRMO 40~50% %555 i e — ACBESh, oKt
A THDY V=~ e—RF, BERb8EL LTCOER LA RIRTESLT, &K
GOREIS CIea BN BFIANRE NS, BITohSE 0 7k, 17 >4 Mk,
777 PELSCHI0EFAB I LOTH Y, 20, BEBETORBIRIEALLD
DT reAEDLORERMCITLRE LS T, F 47 » 4 b ETIREROEIA
L<, EMEBEKABOMELH Y, BE BATIERISHIEH LTV BTE Ry, —7H,
757 PETREREREAEDC I A RKGRMEI IR CTH B, T, AV 7EROFA
RREBZIBE, P17 74 METREROIL —8RY 77 A7 » vBRE LTHIB I h
TWBERTES, —F, 757 VETIE, ~1ere —A3HEEBECEEL, vV /=il
HERBAELUBENCE LCEBE LT, FIALEVCRECH B,

DEDX5eBRND, MANVTEEDOS ANFETHLERE, A=31¥—, &K
RAOHAD 3 EEMET HF Il A FELELTY VR ) Y RAENREI R,

TOHBER, V2 vOKBRTHELRETHLRLERLE T = - A HEXDORK ZBL
ELTAMEBRET SO TH D, RIBK, e —ATiERcE o, Bl GERK) 228
CHBLTCTRORERBCRERY 7= vh, EBOKBRI~Itrrn 203811, K#
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DITER L HBNEEIR T A B oM THLNTES, KBFDO~Ierr—2A
3, BFEBOBE, FeF I vTHD, MASEBLTF e —REL, EBRFVY b—1,
TNT7FT=ABBNII Y EROFEBCERLUCHATE, T, BREFDY 7= 13, »~
AFR 27y RV I7BIVERE7 =/ - VBB LURICBEYARTHZ LN TES,

ERETIE, KHOBEFIHEZDET Y AR R0 F{LEOHEBEREO—RL LT,
B2 DRIGEBEBNTANVTRIGEPCBEL TS5~ 3 wr e - AOBERRE L,

2. = B

2-1 AHOMBESR
2-1-1 &  0#

AFHL, v I H v (Beatula palatyphylla var. japonica) M OBE A XD F v TEH
fro El, RIGBEE LTCHEROZ VY- m-Z7 Vv /= k p-2 vV —AD3:20RE
M) REM LI,

2-1-2 NATILEREERD 55

S HVAMFy SHRE10g B DEED 7 VY — A - KBEREMNZ, 184K+ — b
7' v—7h, 170~180°C, 60~90 HRIKiHI &,

W&, AV FERIBEEARL, AT H B =g /) —n, RTTHHEEL, TOWEEK
=& - AREELURE RIBREChZ e, RIBREZEA 53T vy - @ (BB &
KB ML, 7v V-1 BRKCT3EHMEL, ZOXKBREKBECMmL ., KEHE =
—FATHEL, ZORKII=—TAZEELRLE, 2vy-2Bzlk,. chbokBE
LU 7 vy -V BRBERMER, BEomcflic,

File, Herw 7 vy —aA@hb Fig Lic Lo THEER 2B L, {LEmkRey iz
L,

RATEDOWTENERIT 55—V v ) 7= vEZHE LT,

2-2 RIEERPOEED I
2-2-1 PEEREHEESR

KEREZBHTZE I CELhRERS# 100mg 2 IFECHEL, 72% H,S0,2.0m/ %
Mz, 2ERISERTHE L, 3% HSO, BECHRE 2 BMER LINKIE L, DT,
Ko R L, KRBV v A CpH6 BPRML, £ UBEAB LK, AREBET 30~
40ml FCEM LI, Thic, ASE®LE1LCA /v —2 10mg XNk 2%, NaBH, # 100
mg ¥ Mz FET2RMEL L, #@F o NaBH, BB oL, BEZE IR, B
AE )= ANEMZ CERZETHBFL SRTRo o, HZEF Y7y — & —FTH 24 KHE
B, CORBCEKER1SmS, v o v1smléewing, #H%ELTI100°C T 6 Fhin
BL, 7eFrbkfilcolc, CORBKICKEML, AFvvre) FTHHEL, FAZ R



130 HBERLRFRHIRTERE H4BE & 1:%

Birch chips (0.D. 150g)
[c:w=1:1, 180°C, 90min., lig.rat.7

T i
Pulp Reaction Tiquor
i

1 1
Cresol tayer Water Tayer

* Ho0 extract.
(three times)

Cresol Tayer Soluble part

*Et50 extract.

1 - )
Soluble part Water Tayer
+Concentration

Cresal layer

«Concentration in vacuo

Tarry residue
l-Dropped into Benzene{10vol.)
Ppt
«Dissolved in AcOH-H80(9:1)

and dropped into Hp0(10vol.)
+Centrifugation

1 1
Ppt Supernatant 1iq.
4 s .
. + Concentration in vacuo
Zuqlg{czgloinZin «Dissolved in DMF and dropped into
olvoiy g DichToroethane-EtOH(2:1)

¥ i
Filtrate Ppt
* Concentration eDissolved in 50%AcOH
« Dropped into Et20 and dropped into Acetone
Ppt Ppt

* Dissolved in .
SOZACOH and dropped  C1°1(0:2% on Chip)

into Acetone

Ppt
CH-IL(2.0% on Chip)

Fig. 1. Fractionation of carbohydrate in cresol layer.

<~ b7 7 RAOFHBERE L,

Ef, 7 VvV —ABROVWTE, BERECIIRBIO 7 vy —AEELLE, B85
iR O\ TRl & RERO ik THHaRk 2 AR L,

HAIZr= 757 DRESRBE, »524:3%ECNSS-M(#7A% 7 4, 2m X3 mm),
NG aA—=7VRE:190°C, vV =2 ¥a viRE: 250°C, F4 ) v —HA (N Hisk: 30
mé/min, ¥HZF: FID Th 5,

¥z, ve VB3, BITTER-MUIR? LIz X5 A3y —A—HiBEC X hhaERk L,
EEMEIX, HOILDD-71 7 e VERTER LERER L hRd T,
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2-2-2 BEBEEOSTFRAE

BEBELE LToA+yv—K (L:1v/v) R\ Sephadex G-15, G-25, GH0 & X %
FARBETHERH L, BRSOBHERL, 7=/ -4 —B5BEY @80nm), Y 7= vy
2 UV (280 nm) CGHIE Lz,

F72, Dowex 1x8 (COF &) ©F 5 A% HUWKTHEH LTEL KB kK53,
BEWt 7 n~ k757 4 — (HPLC) & X b # 3 Lz, HPLC OBSE &R, » 54 oo
Bondapack CH (3.9 mm X 30 cm), %4 : H,O/CH,CN (35/65), @i : 0.5 mé/min., #H%E:
RiTh %,

2-2-3 BEMKIR

BERINKS I, BEASOHEY c# L TiTkol, BAiiztr S —+ Meicellase P i3,
Trichoderma viride "ORM LI D THH, #HK50mg % L FHRARET L », N/I10E
LBk 2.5 mé LK Meicellase P 125 mg &z 5, HEO + A= v #HTF L, 40°C 48
Bl & 5 X8, MRS BI i, THBE NBYEA VI I v 7402 —TAHBL, AR%

D-Xylose (10.0g)
| C:W=1:1, 180°C, 60 min.
Reactio? Tiquor

r 1
Cresol Tayer waterl'layer

*Ho0 extract.
(three times)

Cresol layer Soluble part
—

*Et20 extract.
r 1

Soluble part Water layer
«Concentration (D-Xylose 7.29)

Cresol Tayer

I-Dropped into Et,0 (10vol.)
t

Pp Filtrate
(D-X{}g;g) | - sat.NaHCO3 extract.
Insoluble Soluble part
part *Adjusted to pH 2
with IN-HC1

*Et20 extract.

e 1
Insoluble Soluble part (720 mg)

part *Silica gel column
CHC13-MeOH
Benzene-AcOEt

—
XE-1 XE-2
(3.5 mg) (23.5 mg)

Fig. 2. Isolation of solvolysis products of D-Xylose.
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BERMHEZE S w0t Ui,
2-3 FVA-R-HLYV-NLAEHY _
BEEIBH 7 VA BORIGE LbNBR), Fvr—R% 2 LY —A—KROBET
Kt &8, £EWER LI,
D-%vr—2100gic70méD 7 vy —n—k 1:1v/v) BEZEM%, 100mé &+ — b
7 v — 7, 180°C T 60 rRIRIG I #iz, B&H,, HAEHELOVHBL, 2¥A 53 AVWT”2
VYA BB EE LY, 07V —ABEAbR Fig. 27T X5, YV AFAD S
rZm= b7 —EY, XE-1(35mg), XE-2 (235mg) #H@ L1z, XE-21c2oWT
i3, FECXvEKEB—LYI v 1:1) TTes{kl, Sl

3. BRBEIUER

3-1 KEHhoHS

YIAVAHOY AR VAR L > TRIBBKBPRCER L BERO kR % Table 1
CrYT, KBPFOLEWMGL, X5y 75~19F BETHY, D5 bR B~T5% &%
ThTuwa, BEHREOWUL, FvYe—-ARNEEKTHD 67~76% ¥ 5H5, —F, 75t
7 —AEEIT18~44% ThHY, LEIOSHD TRK20%Z Lot h BWEIESLR TV 5 H,
DR OVTOERIBEERNFTH 5,

i, HEFL R~ e -20BHIE, BEARFPBEERETRE-TED, »

Table 1. Analysis of sugars

. . Kl
Ex. No. React. temp. | React. time. Liq. rat. Sgly%\l}lt Pulp yield ligi?g’?**

) (min.) (%) (%)

1 180 920 7 8:2 57.8 8.0
2 180 90 7 7:3 50.1 4.4
3 180 90 7 6:4 45.8 3.6
4 180 90 7 5:5 44.0 2.7
5 180 90 7 4:6 43.9 2.1
6 180 90 7 3:7 42.5 2.7
7 180 90 7 2:8 42.9 4.3
8 170 90 7 7:3 57.8 7.9
9 170 90 7 6:4 52.3 5.8
10 170 90 7 5:5 48.0 4.8
11 170 90 7 4:6 48.1 3.8
12% 170 60 7 7:3 59.5 8.5
13* 170 60 7 6:4 56.7 7.9
14* 170 60 7 5:5 51.1 6.9
15* 170 60 7 4:6 50.6 7.9

C : W=Cresol : Water
* Preconditioning at 100°C, 120 min.
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@ % Biomass refinery & LTOKRM 3 FBERSOFBEL WO BRLLTHE, 7v /=
KA(C:W) HEMN5:5~3:THFUTHAEEZELbhB, LKk, 180°C, 90 D RIGHFHET
X, C:W{@:6) DL &, 17K BEEY 7= vE21%), KESEKS 17%, KB
WARBINEK 126% TH b, 170°C, 90 HORIGRHETIE, AL C:W @:6) L &Fn
IR 481% BV 7= vE38%), KEWEWHS 190%, KETLEHINEK136% TH Y,
K 3 FERDFOHRN L oBERRDONR S,

K, KBRCER LIEBOS TES Y ¥ A ABE TR L, Fig. 313, XKB¥+OD
XD Sephadex G251 X % ¥ 1V ABHETH 5, 3kHL, 180°C, 90 Sy DR IE&MET, C:W
(8:2, 5:5, 2:8) OEMTHEB LI IBOKERRI LAV, 7 vV - VOEEHRE B,
Tt C:W (8:2) THLIERML, BoFrbEadTlsEchTRSMMATHELL
TWBOREL, C:W (5:5, 2:8) Ti¥, FOEEYHOEHMBITE 2B TACHERE LT
Wb, TREIBFEOKOHUENRE L Inbieoh, SEHITOMKTBEIETLTEHDTH
HEEZDRSD, '

Fig. 4 &, KEHMOHF¥:7 5 7 > 3 vo HPLC DR %R Lic, #kh3, 180°C, 90 4,
C:W (5:5) ORIG&ETELRIABE%, Dowex Lx8(CO E)pH» 5 a%B L, KTHEH
LichER g% By e, TOREEGTHELRIAERDE, BRESHTOBE, PO 86%
NELE—-ATHY, 1hL8ETOE—-27DKRBHINRF V5 vABHTHELEEIRD,
For—ABIOFved ) T CENDLSHE) OEREOBAR LD, 1hL5FETOY -

in water layer (Birch wood)

Total solid

in water To;a;}elsélf*ar Sugar composition (%)

1?;:)1'** (%) Ara Xyl Man Gal Glu Uronic acid
5.0 2.4 4.4 69.3 0.3 9.3 trace 16.6
9.4 5.1 2.6 73.5 1.0 4.9 0.3 17.6

13.8 7.8 2.5 74.0 2.8 4.1 1.2 15.4

16.7 10.8 2.2 70.2 3.3 3.8 2.0 18.5

17.0 12.6 3.1 71.2 6.5 2.5 4.0 12.7

17.0 12.2 2.6 72.2 4.3 4.8 4.5 11.5

16.6 11.2 2.8 71.1 4.9 4.9 3.8 12.5
8.9 6.4 3.0 70.4 1.6 10.9 1.6 12.5

13.1 9.1 2.1 72.0 2.7 6.4 2.4 14.3

16.2 12.2 2.2 76.1 3.1 5.1 1.9 11.5

19.0 13.6 1.8 75.8 3.2 3.9 2.7 12.5
9.9 5.6 3.5 67.5 1.0 7.6 0.7 19.6

11.8 7.4 2.8 72.6 2.4 4.2 1.8 16.2

14.3 11.8 2.2 74.8 2.9 4.0 2.5 13.6

16.5 12.8 2.1 72.5 3.1 6.3 2.6 13.3

**  Percentage on a wood basis
*** Percentage on a pulp basis
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Agg0 A
. “‘
1.5} I
I 0.
A 3
I l.d (o]
19
11 B
T :
Xylopentaose (M.W.678) ’f ! :
I VA
ki P AN
A I [
1 . 1.
1.0} £ B
1 d B
DU SR
A5 /O 1 :
I 1 AL 4
Yellow Al v I Vot
dextran ’ vl Ve
(N Al [
(M.W. 2x10%) AL v T [
a0y o [
k= B 9 .
! ; ll o
0.5 Az
0 _51{ T T T T T T T
30 40 50 60 70 80 90 100
Elution volume ( ml )
® 180°C, 90 min., C: W=8:2
A 180°C, 90 min., C: W=5:5
o 180°C. 90 min,, C: W=2:8
Column : Sephadex G-25 ( 2 X 43 cm )
Solvent : Dioxane-Water ( 1l:1 v/v )}
Flow rate : 8 ml/hr.
Fig. 3. Gel filtration of water solubles from birch solvolysis products.
]
w
=]
5]
jor]
n
o
N
I
0
v
O
Q
x)
9]
a
¥ L
S 10 15 20 25 30
Retention time ( min. )
Column : X ~BONDAPAK CH ( 3.9mm x 30cm )
Solvent : HpO / CH3CN ( 35/65 )
Flow rate : 0.5 ml/min.
Fig. 4.

HPLC of neutral fraction of water layer in solvolysis liquor
from birch wood (180°C, 90 min., C: W=5:5).
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713, ThERFYR—R, FYrEt—X, ¥Yullt—X, FYRFFSH—R, Fv
RARYVEF-ARHETIRBREB., 2o enbxys i, YARY YAREH, B
nbA Y THE BEEE) ¥ TORARLL Y MAIBIRTVWASZ ERBESITH B,

32 FWBROMS

VYA EBR LY ARYVRY) 7= v BEET AR, ETOBELBLRS,
LT, 7V ABPCEENEBEERSOMFHEELRE L,

FEERBS JUBEERC OV, 7V V- A BRRERE LTKESD 7 vy - A2 BHE
LictR, BNk 5% L, alditol-acetate ¥tk & LC GLC i X h #IE L1, Table 2 i, 180°C,
NFORIEEHEDOS LTI VvV~ LBILBLALEEO AR S IVERERLELOTD
e 7V —ABROBERL, BEDOZ VY - LA OREREAT B OhE 4 T KT BE
MAHY, C:W (6:4) DL ERKRMEA8S R LI, BRI OWTIEL, KBHFOBHELE
B, ¥ r - ARERTTO~80% 2 HDTVB, Ffe, 77 + —~ASEN10~20% TH b,
KBHOBBE LT oTH D008 EBHMTH 5,

Table 2. Analysis of sugars in cresol layer. (Birch wood)

ﬁ’;‘ 5;;1;%. grer:la:t. }al? Sol‘v‘%lt Tot;ileﬂ.ilgar Sugar composition (%)

: €C) | (min) : : (% on chip) Ara ‘ Xyl ' Man ‘ Gal Glu
1 180 90 7 8:2 4.3 3.8 76.5 1.2 15.5 3.1
2 180 90 7 7:3 4.7 3.6 81.5 2.7 9.5 2.6
3 180 90 7 6:4 4.8 2.3 72.9 1.1 21.8 2.1
4 180 90 7 5:5 1.9 3.3 80.4 2.0 12.9 1.4
5 180 90 7 4:6 2.0 3.1 72.3 4.5 15.1 5.0
6 180 90 7 3:7 1.1 4.9 81.1 1.5 10.2 2.1
7 180 90 7 2:8 0.3 5.9 68.2 1.4 9.3 15.1

C:W=Cresol: Water

Table3. Yield and sugar composition of CH-I and CH-II

Fraction Yield Sugar composition (%)

(% on chip) Ara. Xyl Man. Gal. Glu.
CH-1 0.2 1.2 69.0 8.1 16.6 5.1
CH-I 2.0 1.6 80.6 3.1 12.8 2.0

REI7 VY —2ABHROBERIZOMER L, LEORELZRF L, v52 viksy
7HR 160g % C: W (5:5), 180°C, 90 RRIG S #ctk, ~A 7L RIBKZAHL, KIGK
7vV—-AELYy, Fig leRT X5 EETS CH-I (8 » 7 02%) L8 CH-II (%5
y 7 20%) ZoBEL,

Table 3%, CH-1 & CH-II OE#ERL R L, BNKSDHEHE, alditol-acetate H¥AEL L
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TGLC THWM LR TH S, KBFOBELAK-ThIF Y e - AREETH T,
. Fig. 5%, Sephadex G25ic L% CH-Il D ¥V ABMBETHD, BHITEY 7=/ —NV—
BigiE (480 nm), VU 7 = V4% UV (280 nm) CHIE Lic, KBHOBEHEOBE MR (cf. Fig.

Xylopentaose ( M.W. 678 )

-

Elution volume { ml )

——— phenol-HpS04 ( 480 nm )
---— UV ( 280 nm )

Fig. 5. Gel filtration curves of CH-II on a Sephadex G-25
with dioxane-water (1:1).

Elution volume (ml)

phenol-H,804 ( 480 nm )
---- UV ( 280 nm )

Fig. 6. Gel filtration curves of CH-II on a Sephadex G-50
with dioxane-water (1:1)
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3) LH, CH-II TRHEHSFERFOEC— 7R HRLTEY, ¥, BROFvYrRvEt—
A (M. W.678) DFEHBALELT, &) T8 LLREBORTHEELTWAZ LETRT,
EBI, ERGDAL VY E—2 L) V=2 VvBIDAL vE— 7 LD—BRROI, EETHHE
BHBIThEL LR HEE LT\ 5 EHEEYRYET %, Fig. 61, Sephadex G-50
ks CH-II @ # L A:@Hi# Th 5, Sephadex G-25 # 5 R LA, BHY LY 7=
vEBAOERER L,

b CH-II ofbF Bl T2 MR %28 22, CH-Il #BRic X kI #EL,
F O EMERE Lic, BER Meicellase P A\, N/10-EREREE ¥ (pH 5.0) T, 40°C, 48
BEfEI N K 8% 1T/ - o, Fig. 7, CH-II O£ 8B4 O alditol-acetate ® GLC DR %
RLik, Fve—AREERETHY, BRPBOT S/ R, =v/—RA, #5327 +—A
PBHEE BT, |

Fig. 8 13, CH-II oFEE YD Sephadex G-15 2 X % ¥ L A8 cH 5, CH-II ©
Sephadex G-25 D ##f (Fig. 5) & b, EHFHICKEC—27%R L, ZhidBEmks
B vESFALELIDOTHS, BFTFHRRCIE, €20 —BIXALARVH, B
Woaky 7r=vHBoOMBOEL HHARDLI S,

¥, 7V V- ABHROBRESNORKR, KBFOBERSCHYT 7 b~ AGENHE
(o Twh, TTRZARYHY BIN=V<=YH? 0V 7= v—RA{LHESH (LCC) I

Xyl.

Detector response

U KI Ara. Man. Gal.

v T T T T T A ¥ 1
0 5 10 15 20 25 30 35 40
Retention time ( min. )

Column : 3% ECNSS-M ( Glass column 2m )
N2 : 30 ml/min.
Oven temp. : 190°C

Fig. 7. GLC of enzymatic hydrolyzate of CH-II (Analzed as alditol acetate).
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Elution volume ( ml )

phenol-H2S04 ( 480 nm )
----- UV ( 280 nm )

Fig. 8. Gel filtration curves of emzymatic hydrolyzate of CH-II
on a Sephadex G-15 with dioxane-water (1:1).

BWT, V7= vEBACEETHEBEL LTI 7 b —AOEEREIERIh TR Y, AHE
DIERMD, 7V -2 BrbBLh BB, BNy 7= v EEELEEERDS DO
LHEIhS,

ZOXORIVY—ABROBEL 7 =/ - A (Y F = vRBK) Lo, BEARLE
DEALLOHEFRANFEL, ZOZERNERO 7 vy -2 BRAOBRO—BEL TS
LEbtoRBELLRS,

33 FvA-Z2—HL/—ILABEKY

BELBE v - HoOBERERHET A D, e FAERETR T, D-Fvr—2A
100g % C:W(1:1), 180°C, 60 fyHEIFIL X%, KL 7 v V-1 8 X b, XE-1(3.5 mg), XE-2
(235 mg) *HEE LI, D5, XE 2R DOWTHNENHEC L WV EEET YT -1,

XE-2i%, MS Cm/e240 (M"), 132, 109, 108, 107, 73 X Bk 7 I 7 2 v b 4 4 V& T
Lk Fig. 9, m/el32D v — 2713, Forvw—2hblagFoikseénizdo, meldd D v —
737 vy —-ABYEET S, XHic HR-MS i3 M* (240.0990) T4 F5& CHisO0s (0.5%
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Pig. 9. Mass spectrum of XE-2.
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Fig. 10. !H-NMR spectrum of acetate of XE-2.
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Summary

We have been investigated the chemical properties and behaviors of the polysaccharides
which dissolved into the reaction liquor by solvolysis with cresol-water (C: W) system.

Consequently, the solvent systems were closely related to elution of polysaccharides, espe-
cially hemicellulose and the effective solvent systems were the mixtures of 5:5~3:7 (C: W)
from the practical viewpoint of separation of three major wood components each other.

In aqueous layer of reaction liquor, the maximum yield of the sugars was about 14%
based on birch chip, and the xylose content in the sugars was estimated about 75%.

The major parts of sugars in reaction liquor by solvolysis were almostly dissolved in the
aqueous layer, whereas a small amount of sugars remained in organic layer.

In order to know the manner of sugar during solvolysis, xylose was treated with cresol-
water (1:1) at 180°C for 60 min. as a model experiment. Consequently, 3-0-(methylphenyl)-
xyloses were isolated from the organic layer. It may be assumed from the above results that
a certain linkage takes place between a part of sugars and the cresol used as solvent during
the solvolysis process.



