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Hydrogenolysis of Lignin with a Mixture of Alcohol,
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Y27/ =videre - ARKRVWTEBCFETHIBLETRELRKARTSITTHHH, Ak
Y 7= vOMBEIHEBHERSWIEDIC AL T IENSSBCEBEINRS AV TEBRDOERS
ELT, MHinfliEOECREICHERINS2, UL RELKEREIh, EXLREFROE
BRI TS, AM Y ay 7URCEERCDAMEROFERELFRBE SN, Al
REBBEFEOHREVBERHEEE DDA R LR - TETCND, BLEEFELRAHERIX
FCRBTRELERE LTREEBCME LTV 5, XI5 ARMEROMMMEL &,
EEFEBE LCORMEEREICT S dicd, V7= vOFHAAOBBIIHTH 5,

Yy 7= vOIEHARRO—BE LT, Tra—L, Sy -FLK2NE mMATs2:
LORETHREBOKREZFIALC, UEIMESRI L7 » 1+ L TR E MK RY 7
=vERARL, PEmEYERETCHLD, KFERABCAEL, tre—-RE~ittae—2
NOBADEESEY, V7= rvhb v/ L BYEED,

T — A TEIFFHEBEDCAMEZERE LTRARBL, $%7 12— A2 GEHK
PEELARES TORNE LTSRBIOWMICEE SRS LEESK, 7o — A gEAT
PITEISHBEEREREE LD LEEZLRS,

ARFRIT A2 -0, HEY - L L KOBEEHC L DY 7= vOKFES R X v, EH
FE7 =/ - 2EREETHIEBROWERLLT, V7r=veEFfbdh L7 7=~ MWL
BRFNMDEL, PEPEHAI e ST 7 4 BLEH A IR T T 4 =< AART b
VOB X W L, ‘

2. ® L

2.1 B E 5
PDTerRT 15 8E0Y 7= vEaEFA{EMBIOT ==Y BRY 7= v MWLP %
SRR LT,

CH=CH-CH3
CHzR CH3
R (1) R=H (4) R=H IR e
(2) R=CHO 5) Re
(3) R=CHs (5) OH
OCHy OCH3 OCH3
OH
(6)

R OCHa
(10) R=CHs

am_@ |
C.,HOH (1) R=CHO
: (7) Ri=Re=H H3CO OCH3

(8) Ri1=CHas, Re=H
OCHs  (9) Ri=H, Re=CH:OH
OR1
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OH

HiCO OCH3
OH (-iHZ/O \(iH

C]

|H2 OCH3 CHs C|H (iH
CH2 ) CH™—~0-—CHz

Q CHs
(o)
OCH3 HaCO H3CO OCH3 HsCO OCH3

OH OH OCH3 OH OH

(12) (13 {9 (15)
BEX O)~(15)

2.2 X¥E7®

V7= vEFAMMLER IO AT 37 h ==Y MWL200mg % 7 4 = — /L 2 mé,
K8mé LHM:Y - X 1giE@BL, 20méAE I 7rt—t 7 v— Sz, HMEBRER
B LA B A — b7 V= TREHL, 160~320°C, 10~120 MM L7c, KEKCTHH
L, RIGEEIE LI, 2BBEREWMOIBL, KTAH— 27 v — 7%k L, 2BERKE K
R L, WEREME (PH2~3) & Lictk, =—F Al L, UHTERL, =—71%H
EL, KFELoBYLBic, MWL OKRILDBERO—H% ¥ L HBIHORKE LTk
L, BRE=—7vHili L, PHEBEEL, =— T A MEBRELEBRBEE L, =—F 1,
KCEER = A CIRRMH L, #bineEi,
2.3 H#RHYRZT bYS57 4~ GLC)

1m # 7 A% 7 £ 10% SE-30 (Uniport HP 80~100 x » v =) #3E®», 120 % 7zi 90~
250°C (2°C/min) ¢ GLC ##r & 1T - 1=,

3. HRLER

3.1 RE#RHORE

Tra—n, HEY - X EKOBGEELZME, WBT2L, BB~ FLREBOKE
TRET D,

C,H:OH + NaOH—>CH;COONa +4 (H) (1)
IMBRE & REIC X ZRIGORERWAR B oD, BEEEY -7 v—-TRMNE,
FrERma L, 28 20mé DA —+ 7 v—FheTra—n, KEHHEY — F&& ~« 2md,
8mé L lgmx 74T Ty, 240°C, 60 pEICRITHE LR T A2 —ANRNSRL, 280°C &
300°C Ti3#& % 30 & 10 O MM TELCHM Y — F L REBOKF I LI (Fig. 1),
3.2 Y=V EFNILEBOKKILLD®
3.2.1 Guaiacol (1) DKF{LSRE

HEBOBAMEP A 7 MERIERREFTT 5 1o, guiacol (1) ¥ KFELY B L, Sy

HAIZm=< b+ 757 4 — (GLC) TH¥ Lz, 260°C, 30 43RG TILERD pyrocate-
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Yield of Sodium Acetate, % of Theoretical
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Reaction time

—esoms 10 min

— ey 30 min

*crocee 60min

Reaction Temperature (°C)

Fig. 1. Reactivity of a Mixture of Alcohol, Sodium Hydroxide

and Water.

chol (16) K I X h a4, BIEEEM 1)
HERI Nz, RIE&HER IS (1) & (16)D
EfBIMR% Table 1 /R Li, 300°C, 60 %
FTRIZEREMNC Q) X3@ET 55, (16) D4
BB 22.0% Th b, 320°C DA TIL 30 4
HICHREINED (16) DA &R L, 70 5T
BEA T EREY R LI, ZhiE Q) o s
FALRE X B (16) DAER & Fic (16) D 2 Ry
RicxR¥gT 5, Fig. 2 ic 320°C o m# ¢
bRLGBYOA A< /I 2% RL
72, 320°C, 30 #EITIXL ) & (1) -2 L
DRBL RIS, 50 & 70 43R & sk ik
e, RERERT)OXERBIIC
FLOWEC— 7 HB L, SE—-2%7A
TR b SFT7 44— AART FADOER
(GC-MS) BIUVEDBE~ARRZ L

Table 1. Reaction Products of Guaiacol (1)

Reaction ((f)uaiacol Pl’{rf)c(ate~
Temp. - : chol (16)
¢C) Time (min) (%) (%)
10 103.1 0
30 101.3 0
260
60 574 221
120 237 345
10 81.0 0.0
280 30 68.7 20.0
60 50.4 374
10 98.2 0.0
300 30 58.2 155
60 0.8 22.0
10 32.0 30.7
320 30 1.1 36.2
60 0.0 17.1
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(1), (32.0%)
(yield)={%)
(1-1), (30.7%) 320°C, 30 min
o 1'0 20 30 40 58 (min)
(36.2%)
Reaction temperature, Reaction time
320°C, 50 min
{1-4)
(1% “"2M
N . . AV
0 10 20 30 10 50 (min)
Peak MS (mfe) (%) compound
320°C, 70 min
) 124 (M7, 100), 109 ( 30) (1
(1-1) 110 (M, 100) (16)
(1-2) 124 (M7, 100) (17
171%) (1-3) | 138 (M*,100) 123 ( 40) 18)
. (1-4) 138 (M*, 40), 123 (100) (19)
(1-3)
r ” (1-5) | (1-5) 166 (MY, 100), 151 ( 40) (20)
0 S 20 30 0 50 {min)

Fig. 2. Chromatograms of the Reaction Products of Guaiacol (1) by
Gas Chromatography (GLC). (GLC: 1 m Glass Column packed
with 10% SE-30 at 90~200°C. 3°C/min. Nj: 30 m4/min).

(HRMS) TH#H L, &¥—70EEXHEELL, -)DOE—-273HFA+ve—27 M) %
m/e 124 i27R L, LRMS iz X % m/e 124.0524 28 CH O, D3 FRE T LT, D EOKRLE
i & © RT. O H#H 5 homocatechol 17) EFE Lz, (1-2) DE— 7D MSIE M* L ~—x
A4 A vE— 7 (Base) ¥ m/e 138 /R L, 45% DHXEE D m/e 123 O ¥ — 7 &R Lic, HRMS
X %5 F R CeH 0, ((1-2) 13 138.0687, (1-3) 1% 138.0677) (% (1-2) & (1-3) L b M L TH o 1o,
ULOBEREEOIEFAIR< L Y574 -RIXBEHEEEL, (1-2) 12 2, 3-dihydroxy-
phenylethane (18), (1-3) it 3, 4-dihydroxyphenylethane (19) & #%E LTz, (1-4) D v — 2 > MS
13 M" & Base % m/e 166,45% ® m/e 151 %% L, HRMS iz X % 166.0982 %5 C;eHy,0, D%
FARE R L, 1-2) & 1-3) niEE L 2E L, (1-4) % 3, 4-dihydroxy-5-ethylphenylethane (20)
LHETE L7, guaiacol (1) DKFELGB L b, FHBEHKOBTLK L 5P HERMOERIXZ D& #
TTREREAERDOhE ST, KFEADBEHT L, BABEPCHEET I T A2V
I BIEE B A FALEBA F A D 2 FARKE 2 F A ROBERIEVBEIh (5-2),



246 : EEEAERLRFERFRRSE BTE 18

CHs

+
(1) (16) "HsCz2 OH OH HsCz
OH OH OH
(18) (19) (20)
(A—2)

&S BBOFMISROBRETH S,
3.2.2 Vanillin 2) O kF{LI®
R EOB T RE T 5 120, vanillin Q) #FEEOLMETAENLYIRL, SEHYE
FLT, (2 OARLS @Y GLC i3 EBEx (2-1), 2-2) & (2-3) D 3950 € — 7 %7 L, 320°C,
103/, 300 & 60 3Dy BWOF A7 a<t 75 % Fig. 31cxi Lz, (2-1), (2-2) &

(yield)=(%)
320°C, 10 min
2)
(0 (21%) 15y, /L
0 5 10 {min)
(2-1), (31.0%)
(1), (17.1%) 320°C, 30 min
(17), (19.2%)
L\J/L AN
0 : 5 10 (min}
320°C, 60 min
Peak MS (mfe), (%) compound
2-1 138 (M*,100), 123 (30) (3)
(2-1), (7.4%) (A7), (12.7%)
0 5 10 . (min)

Fig- 3. Chromatograms of the Reaction Products of Vanillin (2)
by GLC. (GLC: ot 120°C).
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2-3) 12 GC-MS : EFH LD RT. D #A 5, % 4 guaiacol (1), pyrocatechol (16) & homo-
catechol (17) L RIE &M tz, & %« DILEK% Table 2 LR Lz, RIE&BAHMLLTAE, h
L O EYIEIC 2 RWEEZT S, 225 Q), (16) & 17) @vﬁﬁ@%ﬁ;ﬁ"ohé ek,
2) O ETIMEORTT, Al YO s J:‘UU})@E)! FALD 3 ODRIERE A LT - T 3%
TERTRETSH R-3), QDB FAHRERLY -7 L LTRRIBEShish -1,

Table 2. Reaction Products of Vanillin (2)

Reaction (G)uaiacol (p-)Creosol Hor{n()cate- ©
- 1 3 chol (16) CHO —
Temp | Time 7
(C)_| (min) | (%) (%) (%) v Q“’"
10 0.0 0.0 0.0 OCH3 @) (1(;)H
280 30 6.8 10.3 0.0 o
(2) —
60 10.5 20.0 13.2 OCH3 OH
OH OH
10 2.1 3.1 0.0 n )
320 30 17.1 31.0 19.2 .
60 0.0 74 127 (X—3)

3.2.3 p-Creosol (3) D 53R

RSO BB BT A FEM 7 s R A 18 5 iz, p-creosol B) ERIC KT BE LI, (3)
DKENIBYDOH A 7 5= b 75 212 3) DM BHOBHEC X B guaiacol (1) D& — 7 &R
¥, E /g homocatechol 17) D ¥~ 27 & (16) DA FA B I P =F AR T 5 MT 138,
152 BIVI208 FRYETHNE R —7(31), (32 & B-)ERLI, QoEEL M
BRL, MSEHOREIaBlBLIhicA F Vv Vv EDE ARSI EVEHBCE UL WEHER
hs,

3.2.4 Guaiacylpropane (4) & dihydroniferyl alcohol (5) DK E(L5

L HICFHEMI SRR A BT 5 lodig, guaiacylpropane (4) & dihydroconiferyl alcohol
(5) B oM Lic, RIGGM% 320°C b 280°C iz L, sr@diE OB 2 A7, 280°C, 120 4
HMOMETMA L6 DHRHBEIREIRE LT B LI, QOHBYOHRAI v+ 7T 6k
b A1) & (4-2) DEBEL € — 7 B H S h (Fig. 4), @-1) & (4-2) © M 134 m/e 152 & 236 T
Botc, @-1) 0T B3 @) OB A F 2L TH 5 3, 4-dihydroxyphenylpropane (21) iz 24
L, @205 FEIZCO3EO=F AEDHEE LT (22) it Y43 %, Dihydroconiferyl
alcohol (5) 3 280°C, 10~120 73RSl K F L4 B L, 4 8% GLC T Lz (Fig. 5), (6) i
280°C T 30 LI T 5 &, 809% RRIGO ¥ ¥EM Shicas, 605 T202%, 120 HHT
R LA EREIRTH -, 280°C, 60 & 120 LBIMYDN AT v <+ 75 82
CEROS MY OFAERTT MBI # — viRL, GCMSIRL Y, #¥~7 OllEviEE
L, 6-) D — 7z M" & Base D<A A+ v% m/e 124 1CRT & & 5B, guaiacol (1), (5-2)
DY — 73% 4% mlell0 RT3 & D, (5-2) % pyrocatechol (16), (5-3) iz M* & Base %
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(4), (67.1%)
(yield)=(%)
280°C, 30 min
(a1
0 20 40 60 (min)
Peak MS (m/e), (%) compound
(4), (21.3%) 41 152 (M, 20), 123 (100) (21
+
() 4-2 236 (M*, 3), 165 (100) (22)
280°C, 60 min
(4-2)
T L T T T T
0 20 40 60 {min)
1)
280°C, 120 min
(4-2)
() (3.3%) “
0 ) 20 ’ 20 ) 60 (min)

Fig. 4. Chromatograms of the Reaction Products of Guaiacylpropane (4)

by GLC. (GLC: at 90~250°C, 2°C/min)

£ % mlel52 & 137 wRT = £55, guaiacylethane (23), (5-4) X M?t & Base % m/e 138 &
123 127R L, 3,4-dihydroxyphenylethane (19) X #5%E Lz, -5 D~ 27D M' L Base i1 %&
% mfe 152 » 123 7R L, (5-5) % 3, 4-dihydroxyphenylpropane (21) L #:E L1z, (5-6) & (5-7)
D — 7z Mt L Base # m/e150 iz "3 = & » &, 4-propenylcatechol (24) © & R ¥ tk,

(5-8) iz M* & Base %% % m/e182 » 137 w® ¥, dihydroconiferyl alcohol (5), (5-9) i M*
¢ Base 4% 4« m/e 168 & 123 ;R L, 3,4-dihydroxyphenylpropanol-3 (25), (5-10) (% MT e
Base 4% 4 m/e 210 & 137 "3 Z &5, 3-ethyl-4-hydroxy-5-methoxyphenylpropanol-3
(26) L #ESE LTz, DAt (26) DB x F 4 (b4 (27) L #E Zh b MT (m/e 196), Base (m/e 137) d
¥—-7mb@RDbRic, Dihydroconiferyl alcohol (5) D4 B I H I HMEERELE L,

KA F o —nBEOAFLNEANOBLTYEBRIGER & T50FRBLRIRT 50800
T, B Tl WEOBH, KA Fm — A EORTS LORAREAEECHEE LTV S

EBbhs,
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Fig. 5.

©) (B0.9%) (vield)=(%)
280°C, 30 min
(1)
0.9) (5-3) k
0 20 j 10 &0 " (min)
280°C, 60 min
(8), (20.2%)
(5-6)
(5
(18) - (5-7) 5-10) (5-11)
N
20 40 60 {min)
Peak MS (mfe), (%) compoun:iﬂ
5-3 152 (M*, 30), 137 (100) (23)
280°C, 120 min g—_‘; 150 (M, 100) @4
5-9 168 (M*, 20), 123 (100) (25) *
5-10 210 M*, 10), 137 (100) (26)
5-11 196 (M*, 20), 137 (100) 27 N
(15)
; 20 N 4'0 (‘;0 i (min)

(21) Ri=H, Re=CHs, Rs=H
(23) Ri=CHs, Rz=H, Rs=H

(25) Ri=H, Rz=CHzOH, Rs=
(26) Ri=CHs, Re=CHzOH, Rs=Calis
(27 Ri=H, Re=CHz0H, Ra=

Chromatograms of the Reaction Products of Dihydroconiferyl
alcohol (5) by GLC.

(GLC: at 90~250°C, 2°C/min).

CHs (iHs
|
CH2 (l‘iH CHz
H CHa cH &
HsCz CzHs
Catls
HsCz OH OH OCH:
Ol
H H oH
(22) (24) (28)

BEX (21)~(28)

3.2.5 Dehydrodiisoeugenol (6) DKk %E{L 58
7==n7<F5 YROMA L AEO SR T 5 MR %18 % 1dic,dehydrodiisoeugenol
O KFLTBLIC, MSEOBBEC X5 guaiacol (1) DAER Y £M4HE L THE L, 280°C,
30 HOMET, 13.2% OBRNEOBRKMELRL, 240°C & 320°C o 30 I ME TILE 4
43 X 1.8% iET Lz, 280°C, 30 R DMBEL b RIS &M 2 BBICT 5 &, &5 Lz (1) B
BER2RRIEEZT D ERBbh3, 2800C e BT B0 BMDOHF A7 a~<t 75 2% Fig.6 12
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T Lic, 280°C, 60 ¥R % GC-MS @hirC, £ ¥ — 7 OWBR#E LI, TOKR,
(6) Doy Yy & LT, guaiacol (1), pyrocatechol (16), p-creosol (3), guaiacylethane (23), homo-
catechol (17), guaiacylethylene (28), guaiacylpropane (4), 3, 4-dihydroxyphenylethane (18)
.43 2, 3-dihydroxyphenylethane (19), 3, 4-dihydroxyphenylpropane (21), 3-ethyl-4-hydroxy-
5-methoxyphenylpropane (29), 2-hydroxy-3-methoxy-5-propenylphenylethane (30), 2-(2-
hydroxy-3-methoxy-5-propylphenyl)-propene-1 (31), (3-isopropyl-4-hydroxy-5-methoxyphe-

(1), (13.2%) (vield)=(%)
280°C, 30 min
0 j 20 ) 10 60 " (min)

280°C, 60 min

6-6)
—r A

60 T (min)

1%

Peak MS (mfe), (%) compound
250°C. 120 min 6-1 | 150 (M*,100), 135 ( 20) (28)
6-2 194 (M*, 10), 165 (100) (29)
16 6-3 192 (MY, 10), 163 (100) (30)
206 (M*, 20), 177 (100} (31
ﬂg Ellv(x;), 20), 178 ( 20), 62
288 (M7, 10), 151 (100) (33)
— S
i 2 T 10 ) 60 {min)

Fig. 6. Chromatograms of the Reaction Products of Dehydrodiisoeugenol
(6) byGLC. (GLC: at 90~250°C, 2°C/min).

CHs3
CHs (iHa CH3 C'H3
G CH (%Hz cH CHz OCH;
[
CH:z CH CHz CH cfnz oH
™ "

HsCz OCHs  HsCz OcH:  C— ocHs OCH3 OCH;

OH OH CH: oy CH | oy OH

(29) (30} (31} 32) (33)

HiEX (29)~(33)
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nyl)-propene-1 (32) 3s I Of 1-(4-hydroxy-3-methoxyphenyl)-2-(2-hydroxy-3-methoxy-4-methyl-
phenyl)-ethane (33) D #{LEHOFLENRE I NI, 6) DG BYOREZSBE 7 V1 V5 &
CXHMEOTRFEETH DY, FHABEEORFEE A FH{ERGEAREALTCNBTE
TR LR, .
3.2.6 Guaiacylglycol-f-guaiacyl ether (7), veratrylglycol-f-guaiacyl ether (8) &
guaiacylglycerol-f-guaiacyl ether (9) DK F{L7F 8
V) 72 VvOEBRBEELATDLIOTHSB, p-7 V) —n=—TF AEEEDKRLS BB

L7,

Guaiacol (1) DBRINK A L HEE I WD -7 ) —=—F A0 05 7 %13 160, 200 &
300°C © 30 FRIDME TH % 180, 491 & 59.2% THoTe, ThIAEDOBHEssM T T2 Q)
D2 F LD D feddie, (1) ORI A L, 280°C, 30 FHOAEIC X % guaiacol (1) &
pyrocatechol (16) DI K3 & « 56.1 & 123%, R —iRE T 60 4RI Ti1% « 183 & 23.4%,
120 3fCi3 1.9 & 85% B {b L1, 280°C R LA o H A2 e<t 75 6% Fig. 7T

(yield)=(%)
280°C, 30 min
[69]
(22.5%)
(7
(7-2)
(7-1)

0 ) 20 ) 4'0 ' 60 ! (min)

(1)

(56.1%)

280°C, 60 min -
Peak MS (mle), (%) compound
7-1 272 (M*, 100) (34)
(‘]‘;’,’W 7-2 | 318 (M, 5) 272 (20) 181 (100)] (35)
n e €0
T Ik T T T e T — Ll
0 20 40 60 (min)
" 280°C, 120 min
M Lo l o . . . y .

0 20 40 60 {min)

Fig. 7. Chromatograms of the Reaction Products of Guaiacylglycol-B-guaiacyl
ether (7) by GLC. (GLC: at 90~250°C, 2°C/min).
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ALtc, D)0 10 3EOMAE TixE RT. FiRicEZCKERHBHE ), (7-) & -2 D —
7 %R L1, (7-1) D MSi2 M & Base %% % mfe 272, (7-2) Ti3& « 318 £ 181 KR_+=
En b, (7-1) & (7-2) % & % 1l-guaiacyl-2-guaiacoxy-ethylene (34) & 1-ethoxy-l-guaiacyl-2-
guaiacoxy-ethane (35) & #E Lz, 280°C, 30 OB TIEERT. O — 23 AEH
%L, GC-MS 2 bHl, guaiacol (1), pyrocatechol (16), guaiacylethane (23), 2, 3-dihy-
droxyphenylethane (18), 3, 4-dihydroxyphenylethane (19), 3-ethyl-4-hydroxy-5-methoxy-
phenylethane (36) D& & — 7 23GH7E L, 280°C, 60 rfETit (1), (16) & 19 NEE— 7T
Bolc,

Veratrylglycol-8-guaiacyl ether (8) % 280°C, 30 4R+ 5 &, 982% O BHINE D
guiacol (1) A8 Hh, 10 4308 & 60 4TIt & 4 23.3 & 20.7% Th - 12, 280°C, 120 43fiCit
1)1228% LnBbhigh o, 280°C, 10 3OS BYDOH A7 r= t 75 235 RT. S
() oBaE LRk, HEHDE@G), 8- & @-2nr—7%R Lk (Fig.8), GC-MSicX b,

o, 9% (yield)=(%)
280°C, 10 min
(8-1)
0 0 2 ’ 40 ) 60 ’ (min)
(1)
(98.2%)
280°C, 30 min
(16)
2 &8 6
d A ”(3-4) (8-5) I\ 87
0 T 20 T © ) 0 " (min)
(18)
Peak MS (mfe), (%) compound
o 0 81 286 (M*, 100) (37
20.7%
¢ 2 332 (M*), 286 (100) (38)
280°C, 60 min 8-3 150 (M*, 100), 135 { 40) (28)
8-4 164 (M, 100) (39)
8-5 196 (M¥), 151 (100) (40)
8-6 | 168 (M*, 10), 137 (100) (a1)
87 274 (M7, 20), 259 (100) (42)
T T T T T ey
0 20 40 60 (min)

Fig. 8. Chromatograms of the Reaction Rroducts of Veratrylglycol-f-guaiacyl
ether (8) by GLC. (GLC: at 90~250°C, 2°C/min).
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M* & Base % m/e 286 1z =3 (8-1) L. 1-veratryl-2-guaiacoxyethylene (37), M* & Base %
% % m/e 332 & 286 127”7 (8-2) i% l-ethyl-1-veratryl-2-guaiacoxyethane (38) & #5E X h iz,
30, 60 il & MERHEZER TS E, BRT.OE—2713HE&L, £LDERT. 0or—73H
bhts, GCMShbH, FERT. D~ 7%% 4 guaiacol (1), pyrocatechol (16), p-creosol
(3), guaiacylethane (28), veratrylethylene (39), 3,4-dihydroxyphenylethane (19), 3-ethyl-4-
hydroxy-5-methoxyphenylethanol (40), 2-guaiacylethanol (41) 35 X TX 1-guaiacyl-2-guaiacoxy-
ethane (42) L HEE L1z, B) OKRILY WL LT, veratryl FREELET LA E
AEBRHIhish Tz,

VY Z7=vDEFAMEEHE LT, X Yi#E 7 guaiacylglycerol-f-guaiacyl ether (9) %[
BRI LIz, ) O @Y b 4T 5 geaiacol (1) DEFRINKL 160, 200, 240 &
280°C % 30 53 T4 « 13.3, 27.3, 33.0 & 329% T, () CHERTETEWEL R L7z, Th
X0 DR A Fm — A EOR B E R T 5 guaiacol (1) D 2 REIFERIC LB EBbh5, &

(yield)=(%)
200°C, 30 min
(1)
@7.3%)
63 (35)
0 2 ' 20 ' 60 " (min)
240°C, 30 min
1)
(33.0%)
2
0 ’ 20 ' 0 ' 60 " (min)
(1)
(32.9%)
280°C, 30 min
o 19 @
Lw (41)
WA N A
o T 20 v 40 60 (min)

Fig. 9. Chromatograms of the Reaction Products of Guaiacylglycerol--guaiacyl
ether (9) by GLC. (GLC: at 90~250°C, 2°C/min).
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BEX 849~42)

R.T. ® ¥ — 7 ® GC-MS » 5 guaiacylethane (23) & 2-guaiacylethanol (41) X E 45 ¥ C
&b, dihydroconiferyl alcohol (5) BN M ThH-TcZ L b, TOWELZHTSH. OO
DBYDOH A7 v< b 7T A% 9) DKFELS S enol ether & 2 F v — A EOFMY EhT

Wb BT AN ) HRERYEH L TETT S LRk L (Fig. 9),

3.2.7 Dehydrodi-p-creosol (10) & dehydrodivanillin (11) K153 %

) 7= v OEBELHEERRD 1 >TH5 biphenyl B F A&t OKFE Loz (10) &
11) o= F L& THRE L, (10) % 280°C, 60 SHAB LIy BYDOH A2 <t 7T 4
13, biphenyl & & OB %R ¥3 5 p-creosol (3), homocatechol (17) D ¥ — 7 H R & fnds»
fott, (1) ORI SME X 558 T BicA S, biphenyl & DM AL TRT S p-
creosol it ¥D € — 7 BRRDL R,

3.2.8 1, 2-Diguaiacylethane (12) ® KkFE (L5 #

B #&% AT % 1, 2-diarylpropane i d ) 7 = VORELMERATHD, ZOKE
by s LT, (12 o5@mhr#EI RS, (120 FZoAB e X vESFTILLES
DEPEEE Ui, (12) D 280°C, 30 3 OFEHOH A 7 =< + 75 AL graiacol (1) & p-
creosol (3) D/p &g — 7 LAY, (12) kER I his,

3.2.9 2-Hydroxy-2, 3-dimethoxy-4’, 5-dimethyl-diphenylethane (13) Dk FE{L 5 R

) 7 = v KMnO, Bt @i X b, diphenylether #i#d Y 7 = v ORBHHERKR D
195r%% bhT\w5b, Diphenyl ether 3z DKFRLAEC LD, 238 h DH BRI RIHE
Xh, 1208 ARE L pcreosol (3) 2%, % 5 1-2DJRic X T 3-methylanisol (43)
L 2,3-dihydroxy-5-methylanisol (44) REE M & 7B, 280°C, 30 & 60 S OMLE X 5
NEYOHF A7 w<t 79 a%k Fig. 10 R LTz, Fig. 10 3F B —~27 L LT, 3) DBisx +
Abiz. X % m-creosol (45) & p-creosol (3) & homocatechol (17) DELEERTZ &b, 22
DB RIBEE L TR TWAHZ LRB I N,
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(vield)=(%)
(3)
(15.4%) a3

280°C, 30 min

(13-1)
a7

| A

— ) — = s = —
r Peak ; MS (mfe), (%) I compaundj

fas-1) 13-1 ] 108 (M™, 100) ‘ 45) }
280°C, 60 min

a7

T " T T T -

0 20 40 60 K (min)
Fig. 10. Chromatograms of the Reaction Products of 2-Hydroxy-2’, 3-dimethoxy-
4, 5-dimethyl-diphenyl ether (13) by GLC. (GLC: at 90~250°C, 2°C/min).
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3.2.10 1,3-Dimethylpyrogallol (14) & syringaresinol (15) Dk R{L 7
LEBY 7= vOXTERREED 1 0L LT syringyl BR2H 5, FOoREBHREFA
k&t e LT Q4) osf@riRiic, 280°C, 30 OB X % 4842 1-methylpyrogallol
46) DFEFEL R LI, FBM&EEERTS L, REER pyrogallol @BiLL, 7R 2
w574 —TIRE S hicdh -T2, Syringaresinol (14) % 280°C, 30 4HEAE L, %0
DEYEHAA T~ 757 4 —THKREH L Fig. 11), 1, 3-Dimethylpyrogallol (14) {3 (15) ®
SRS 267% OB R INEBTCHE LRI, GC-MS HHER.T. #5345 l-methylpyrogallol
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mERFRFVATRFREE H378 F15

(152
(26.7%)
280°C, 30 min
Peak MS  (m/e), (%) compound
15-1 140 (M, 100}, 125 ( 20) (46)
15-2 154 (M*, 100, 138 ( 10) (44)
15-3 168 (M*,100), 153 ( 19) - 47
(15-1) 5. 2 (M
5-3) 15-4 182 (M™, 30), 167 (100) (48)
(15-4)
0 ' 20 ! 10 ! 60 (min)
Fig. 11. Chromatograms of the Reaction Products of Syringaresinol (15)
by GLC. (GLC: at 90~250°C, 2°C/min).
(im
CH3 CHz
H;OOQOH Haco©ocm H300’©0CH3
OH OH OH
46) (47) (48)
BEX (46)~(48)
~
'/ L ."
I' “.
I X .‘/\""\.
e e, \
20, 0 min A -~ . \\
MWL H l \
/ v\
s Y \
,/,' /20, 120 min 5 \
~ 2 -
7} ~ SO
Iy ;
Fi ‘. s / '-‘ \
N re .
{0\ 4  \
i *\ £y *
H L\ /‘/ .,
' Ny TA "~
! \\ — BL Vanillin
H \& 7 b J
B AND K ]
0 10 20 30 £
Efluent Weight, ¢
Fig. 12. Gel Filtration Diagrams of Akaezomatsu MWL and the Reaction
Products on Sephadex G-50 (1.5X60 cm) with DMSO.
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(46), syringylmethane (47) & syringylethane (48) 38 X O RRIEDE RT. ¥ HT 5 0B HOHE
EHRBD BT,
3.3 7HTyv Y MWLOKERLESR
=FAEHOKRENI MO RESE, 7Hh= /<y MWL % 280°C, 30, 60 & 120
SEKFEDE LI, FEDOBTESHERFTTHILDE, 75T v 7AGH0H2 7 A
(15x50cm), ¥ A FAAALKF Y F (DMSO) ZHWT, Y1 AHBET - (Fig. 12), 280 nm
OBKEC XY, FYAHBHMELIER Lic, MWL OKkELo M X b, MWL (3R 75
P2 D, Brauns DY 7= v (BL) UTF O FREOSBWCKELSML, 60505 X b 120 5
HoOMBETECES T T EAEYR L, KEMDBYEE «htk=— 7 VIIERH, M=
—FATER L BEEER = AAERCNL, &2 ORFIL0 SHEOMETH 4 25, T1.2
& 21.4%, 60 REIDME T 3.6, 75.9 & 18.3%, 120 HRIDMBT47, 768 £ 154% TH b, 4
RIS X £ T EIEH B = - T ATBRICHFE L, Bk -7 ARG Ho GLC (Fig. 13)

(1), 21%)
(yield)=(%)
280°C, 30 min
(23)
(3)
[C VY
(26)
A
20 j i) ) 60 " (min)
W), (L1%) 280°C, 60 min
- ~
0 ) 2 ' I j 60 " (min)
280°C, 120 min
—
0 ) 20 ! 0 ' ) " (min)

Fig. 13. Chromatograms of the Reaction Products of Akaezomatsu MWL
by GLC. (GLC: at 90~250°C, 2°C/min).
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11 GC-MS X YOS E D RT. DL E A5 guaiacol (1), p-creosol (3), guaiacylethane (23),
2-guaiacylethanol (41) & dihydroconiferyl alcohol (5) DHFEZER R L, guaiacol (1) DILZRIL
30 &£ 60 PREIDMETHE % 21 L L1 T Efh ol V 7= v FRLLESTE? =/ —
VIR BT AR ThH B,

4. #

3

Taa—n, BV -FEKOBABBC XD 7= vOKELIBTES TE7 =/ —
VEEHETAEBIMEL LT, V7= vOoRBER2RETLLEL D FA LAY EHER LY
fRESHE S BT L7c, 280°C DB AR TI3, MEBRERIDS 30 %8 2 AENLDIER R A F 1
{LRISH A E v, 280°C, 10, 30 & 60 43T guaiacol (1) DEINEK LA % 810, 58.7 & 504%
Thote, NVINMUORTLILBENBHCETTAHN, BLTNOTL2 - A ORI E
hZ@Bd Bk -, Vanillin (2) & syringaresiol (14) D4 & Ci3 iSO HiEEC X % guaiacol
(1) & 1, 3-dimethylpyrogallol (14) D4 G AEED B 7243, guaiacylpropane (4) & dihydroconi-
feryl alcohol (5) D X 5 @I~ v oA ETIZ Q) DA FIXR D b it b oz, Dehydrodi-
isoeugenol (6) T (1) OCIEFEILE ORISR X 55 BYOERIBEIh, Lr
L biphenyl #4045tk ¥ Y EE Clehro T, Diphenylether &1L 2 Y D= —F L4
GOBBER LI, B-7 YV —A=2—FAREERT =7 — A EFET7 = 7 —AHERBIS T, 280°C,
0 HETEECHRL, HEMBEOARy VIFE LT, BRE7 =/ —loD f-=
—F A8 eFA{LE 8 TiL280°C, 70 4T 98.2% @ guaiacol (1) 4 Uky, 7 =/
-tk FAMEY () & O TE, A—FHT561L329% 01 LrBbhichotz, 7
=<y MWL 2 280°C CBL L TOS FREOGEHTHBI NIz, GLC Cor ¥ 7 B/
7=/ = ABOFERIMETH -T2, BV 7= vOFRCOWTIRFHTH 5,

e % X W

1) WE %, K E, &% &: HEAWH, 93, 113 (1957).
2) WME %, BEBEER, @R % HEPFE, 163, 130 (1964).
3) A. BJORKMAN: Svensk Papperstidn., 59, 477 (1956).

4) T. ENKRVIST: J. Applied Polymer Symp. 28, 285 (1975).
5 F. E. BRAUNS: J. Am. Chem. Soc., 61, 2120 (1939).

Summary

As a basic research of the production of low-molecular phenols, several lignin model
compounds and Akaezomatsu (Picea glehnii) milled wood lignin (MWL) were reacted with
a mixture of ethanol, sodium hydroxide and water at 240-320°C for 10-120 min. The
hydrogenolysis products were analyzed by gas chromatography using an one meter glass column
packed with 10% SE-30 at 120 or 90-250°C (2°C/min). For assignment of the components,
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a gas chromatography-mass spectrometer instrument was employed.

When guaiacol (1) was treated at 260, 280, 300 and 320°C for 30 min, it was recovered
in the yields of 101.3, 58.7, 58.2 and 32.0%, respectively. When (1) was heated at 320°C
for 50 min, (1) and pyrocatechol (16) were obtained in 1.1% and 36.2% yields, respectively
and homocatechol (17), 2, 3-dihydroxyphenylethane (18) and 3, 4-dihydroxyphenylethane (19)
in small amounts. At 280°C for 60 min, vanillin (2) was converted to (1), p-creosol (3) and
(17) in the yields of 10.5, 20.0 and 13.29%, respectively, and p-creosol (3) gave (3) and (17) in
the yields of 32.7 and 37.2%, respectively. In the products from guaiacylpropane (4) at 280°C
for 60 min, the starting material, 3, 4-dihydroxyphenylpropane (21) and 3, 4-dihydroxy-5-ethyl-
phenylpropane (22) were detected by means of GLC and GLC-Mass. Dihydroconiferyl alcohol
(5) gave (1), (16), guaiacylethane (23), (19), (21), 4-propenylcatechol (24), (5), 3, 4-dihydroxyphenyl-
propanol-3 (25) and 3-ethyl-4-hydroxy-5-methoxyphenylpropanol-3 (26), all of which were cha-
racterized by GLC-Mass. At the same temperature (280°C) as that of (5), dehydrodiisoeugenol
(6) yielded (1), (16), (3), (23), (17), (28), (4), (18), (19), (21), 3-ethyl-4-hydroxy-5-methoxyphenyl-
propane (29), 2-hydroxy-3-methoxy-5-propenylphenylethane (30), 2-(2-hydroxy-3-methoxy-5-pro-
pylphenyl)-propene-1 (31), 1-(3-isopropyl-4-hydroxy-5-methoxyphenyl)-propene-1 (32) and 1-(4-
hydroxy-3-methoxyphenyl)-2-(2-hydroxy-3-methoxy-4-methylphenyl)-ethane (33). These pro-
ducts were also characterized by GLC-Mass. As model compounds for B-aryl ether linkage,
guaiacylglycol--guaiacyl ether (7), veratrylglycol-8-guaiacyl ether (8) and guaiacylglycerol-g-
guaiacyl ether (9) were hydrogenated under similar conditions. From the products of (7) at
280°C for 10 min, 1-guaiacyl-2-guaiacoxy-ethylene (34) and 1-ethoxy-1-guaiacyl-2-guaiacoxy-
ethane (35) were detected in addition to (1) and (16). By extending the time of heating at
30 min, the peaks of (34) and (35) disappeared and each peak of (1), (16), (23), (18) and 3-
ethyl-4-hydroxyphenylethane (36) appeared as main peaks. When heated at 280°C for 10 min,
an enol ether (37) and an ethoxyl compound (38) were detected among the products. At
the prolonged time to 230 min, (1), (16), (3), (28), (19), veratrylethylene (39), 3-ethy!-4-hydroxy-
5-methoxyphenyl-ethanol (40), 2-guaiacylethanol (41) and 1-guaiacy-2-guaiacoxy-ethane (42) were
detected, but (37) and (38) were not. Dehydrodi-p-creosol (10) and dehydrodivanillin (11) were
recovered in almost quantitatively. Diphenyl ether (13) gave (3), (17) and m-cresol (43) as
main products, when heated at 280°C for 30 and 60 min. At 280°C for 30 min, syringaresinol
(15) gave 1, 3-dimethylpyrogallol (14), 1-methylpyrogallol (46), syringylmethane (47) and syr-
ingylethane (48) in addition to unknown products with high retention times.

The molecular distributions of the hydrogenated products of Akaezomatsu MWL (280°C,
30~120 min) showed a maximum at lower molecular region than that of Brauns lignin.
The hydrogenated products were divided into the neutral ether soluble, the acidic ether soluble
and the acidic ethyl acetate soluble fractions. They were obtained in the yields of 3.6, 75.9
and 18.4% respectively, at the heating time of 60 min. (1), (3), (23), (41) and (5) were detected
by GLC, but in small amounts.



