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Fig. 1 Products derived from wood chemicals.”



‘paALIBp uIuBrT () (PAALISP 9S0[N[P) (D) S|gRUIBIGO SISwouow Jo sperd sjewnxoidde onstundo woiy paleWSY %

4% PEE

o B

ER 2058

c VxSRBS Y S

AR (4::87

(1350202 (T)peaLIap wudr] 061 91B1R0Y
(D)0v28E (D)P3ALIdp BS0INIRD 01y uofey
[G4254 06721 ason@doudy woij s|qeuirIq) o180[n{[3))
xaqqna
ue ‘s1aql
02881 onmw::wucw.w $19q1} d1IYIUAS
‘sonsed [g101
0L42 Iaqquu J11aYIUAS [BI0 ]
082 SI9110 pue suaidoayN sspel SOLSEld [FI0,
(0)ez8 fi}al aua[Adoid-sualAyl ()0vp il Suisal [Auta BYIO
001 aussdosiA[og (D)8ger A2 SpLIO[YO [AutaL[og
(0712 095 susIpeINgA[og ("1)8¥9. €0sg sipwiA[odod pue Ius1LIg
(3061 <6 QNN (D)008¥% (ARt s1uA[odod pue susjddoidAjog
{70901 081 fing (0)0895 0zZv1 Aysuap ystyg
(10261 (Y0028 S191 auaIpEINg -2UB1AIG (Door6lI €862 Aysuap mo
1BqYNI IPYIUAS sus[AyreAiog
(12682 001 aprweAio
et s1aqyy sursax onsepdowniay §,
JISO[N{[92UOU [BI0 ], ("[)S161 0.9 SUIS3I PIDB-IB] JAY10 PUB J1jouay]
(D026 082 uRI0 08 SUIWB[RN
1020¥ 00¢T 191894104 0z¥ B3I
(D099 0z¢ oAy (10221 544 $1931834104
18508 6901 UOLAN (18s¢ A sarxody
JISO[N{[2DUO N supsa1 Jurjesoway
("p,3u0d) SI3QI] J1IPYIUAG SO1ISB[J
(Suo1 01> (Su0l (01> (Su0y O1) (suol 1)
.paimbai uononpoad [eLIDIRIN Dpaamnbai uonONpPoOIJ [BLIDIBIA
9S0N[[200UBI] sso[njEoousty

"¢Po1Mb3I 35Bq [BLISIRW MBI 3S0]N[j00uS]] PIlBUIIISO pUR ISqqNI PUE ‘SIdQL d1PYIUAS ‘sopserd Jo uononpoid w61 1 91q8 L



4 oM IE X

{CEEFRcH D, BT L2 8 ch b LB EERRTh L, T, Ellickiz»
BN FIH C & 5 R TFGEEERER 1 = A ldhiciin, FoldTh, HiokHE
Babu Figo 1 wiRT Low, BMclET 2y 1 04 252 BE L 5 2REMSDH 5,
Goldstein™iz 1 % &, 19745 KB CHH S - ABE D T D I5% R & CHRM D H 555 H T R
% (Table ), UL, K&y i »a 2SR LT 586, $TEEINSY TEMC
FIH®RE /e ) = =N EEGTALT B 2 LA LB, SO b r— A, ~iale—
APy n — A LUy b= AR B L, BERCThbh KMo, o s
nTkRY, B aElrshtesoedl, RRESFThDLY 7= v ORRNKS
Foeikir, BEOLZARMER T, 5T, V7= v b TENCHE B ERY, e
FOREENDART, 7 =/~ ALEW RS S S REOI, Rk A FT
BERBELTOY » F 7 $ A ADOMIOTDEETHY, ¥ 085 aHEe, V7=
(LSO TRFR L LCUSHL 5 5W5EE2RDH 5,

KBFGE L, EME MG RMES 2 &0 Y 7 = B BEEE A 2 S R B 2 e,
FOHER T =~ L L CHEES A hFEYHB L b0 TH L, Tihbh, WEOK
BERBRBUSOYRER OIS X b, V7= v HEFERE 7 = 7 — 0 L8l S, R 2
Pkt FALT A Lk o, RIS = AN BT L LR ERIL
Tuvd,

BB T, koY 7= v RIS EBIET 5 L3, AT 1) 5 BASRBUG
BTV L7 2T, REEL LURELALZY v bk v 3 (LT BR LD =
L7 =/ = ADFETHRCH A~ FALGWEAEL, 27 = / — BB 5 4%
BB oo RUSEEVE o IREALT 2 E AR, &80V 7 = VIR O BB A B L 7oe 5 3R C e
B Ra s, SRR X OUREERDY 2= v O RIBERER L, FERdET 5REY V= v o
Weha b M LT, ARIGRIES A Y 7= v O REBRAREL 72, 7, BB TEERBKC
SERT BB LD TEY 7 = v OS5HERS L O OEIESBEEC SR Y Iz,

V7= v OB B L, RIGOMIIC /e BRI NEMBEL BRI TE Y, F
B4 5B EEORDL 7 = 2 — A8 E O IMIED RIS, SRR T 5 ol
BTGB E S H D0, V2 v b OWNERO L BRI s s 2 L& B
LeARBEED, SHO Y 7 = vIFRIniE T4 2 SR UL T %,

KPR BT T Dby, BUCHIEE & B R B - o SECORE B PTG
BECHBNE LW A e EERFEEE N E RO L v ERRL £,
WXOWY ¥ Lowhicy, BoOMEE R o0y, HEM A W - 2o B RO h T
SR RME AR L £, ¥, HRARFEEHARMEE L, ERAFBITEER L
R F B BE At L O RSB s F A i AR 2 R L e B R
Lo S 2Bl L L g,



= Ak e 7w ) = AT RIS Y = v ORI BT A B 5

NMR 2~ 27 b A#BIE L T fo 20 o oK E A M EER B L 0 I R O TR )
BB, SEE A B o e SRS AL BRI B o0 R T CBIAL
BLLEHET,

lﬁj‘D, /f\uﬁa?)'UT/??f’\}\ %ﬁ#{iuf&j »ﬁ’)

51 B X W

1) R EEFH B AR | AR LA RERESR (B (1960
2 ) Goldstein, LS. : Science, 189, 847 (1975)

Bk

]

B1E koS- oRBEIG

U 7= v DRI, LRSS M X OSRAERpOFIROEE, HHRE STk
BT Tl g  oFENERIR TG A, UL, KBSOHFEERMETELYERL THD
FRAHNEDFCH LV 7 =V bOERBEEME» > SIS > T D,

KRB IDREIEE LT, 7ADY o = b rvEvigl, #~vrv@gn )y A8k, 7
RIS, DK, 7 ¥V o 2S08 0 oh s, 22T, &k OO b
Wgenie 2T AEM LR L ORIGTFHRICH A Y LiE > THal T %

s

r

1 Bt & @&

Y 7 = v OALS R, FOSBECIEUT, WFERI AR AR IO ARy BB
B, BHEFROMALED, OBKLEDHCRES NS, ©3HEKNS LD, ZhbD S b,
W BT 5 ) - = bw sy AT, T An Y - S T ) SRR
G~ v A VRS U v A b, LETY 7= v OB EEEIICAE CEBLALDTHD, &
FHAE T TR B O = ) VRSB TEECH b,

1.1 7AHhY = baevE Uik

VS ET AN = e SR B &, BRI E LT ) AR B 20
Jitkix Freudenbergic X - C R &R, Zo# Freudenberg & Lautsch”ic X - TR PSR
SRt

T, S AT Y VARG - b2 L e TR Y 7y, 2 NAKRRILT b ) 0 AT U=
br vy REAL, 170~180°C T 2 ~2 SEERULEES % & L2 X - Tifbh, §13EH Y 7 =
MBIEEL LT A=Yy, RIEMY 7/ =vhbid A=) v o) w7 a5e ¥, $eBRiEY
DY = hbid A=Yy, Y)Y A TATE FICMET p-t Frd s Sy X745 e FovER



6 feomoOE K

Table 1~1  Nitrobenzene oxidation products 3% (Tablel1-1¥), “h &7 A5 ¢ VD

from spruce wood. ~ iy
e, OB X UF ol X > THRE

Compound Yield (%) , .
> B, tOSMEISEY 7 = s HEE OB

Vanillin 27.5 e L
p-Hydroxybenzaldehyde 0.25 FFBELTRB BT,
Syringaldehyde 0.06 RN Y AP B R R AR [ AV (GRS I
S—Formylvaml.ln."l 0.23 B EFTAEAT Y T AR T
Dehydrodivanillin 0.80
Vanillic acid 4.8 D UK LD 7 = s — AW KRR D I
p-Hydroxybenzoic acid - L, #0B2ETFEBILLE /v 25 Pl
Syringic acid 0.02 ] - . N b o
5-Formylvanillic acid 0.1 afecy 7w FIRAERT 5L anTun s
5-Carboxyvanillin 1.2 (Fig. I-1), $~C, WHko 7 = 7 — L HKER
gi:/;i;;)]dlvam!hc acid (1.03 WA A L re\ ML, v 4 ¥ R AT
Acetoguaiacone 0.05 B L i fosd st UERD Cil ik ok &

VS, a=h AR = AVRRDEET A A

,_\‘Cﬁa ?“3 OH"  HOZ_ CH3 ('§H3 ~2e” CHy COCH
- H(E.‘OH/ H!COH HCO OOH COOH
-2em CH HCOH -2a~
ey JE——" 4+
;‘l OCH3 CH3 i OCH3
o o HCOH CHO
mes—
OCH3 CH 1
o

Fig. 1-1 Maechanism of nitrobenzene oxidation of isoeugenol.

Table 1-2  Effect of p~hydroxyl group on alkaline nitrobenzene oxidation.

Yield of aromatic aldehydes and acids with different nuclei

Side chains Phenyl Guaiacyl 3,4~-Dimethoxypheny!
Aldehydes % Acids %  Aldehydes % Acids %  Aldehydes % Acids %

~CH,~CH,~CH; 0 0 6 0 - -
~CH,~CO~-CH, 0 1 - - 0 8
~CH(SO:H-CO-CH, 0 trace 45 trace 0 trace
~CO-CH(SO,H)-CH; 0 52 31 5 0 31
~CO-CH~CH, (50,1 0 13 - - 0 46
~-CH=CH-CH, 0 2 89 0 0 0
~-CH=CH-CO,H 0 0 60 10 - -
~-CH=CH-CHO 0.5 86 86 4 - -
~-CH(SO;H)-CH,CHO 1 81 - - - -
~CH=CH-CO-CH, trace 40 - - — -
-CH(OH)-CH,-CH, 0 44 - - - _

~-CO-CH(OH)-CH, - ~ 26 19 - -
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Fig. 1-4 Mechanism of aromatic substitution reaction.
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constituting diphenylmethane struc-
LWL B EEETS LD ture by nuclear exchange reaction.
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T3 =g a0 RIEER KB OO FEREW R T - reBaw, SIRRE o £ i
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=4 R VBB AHEROEE AT LS ®, DITBAHKIE (Nuclear exchange
reaction) WS L5,

TG R Y 7= v C BT A%E, v d e v ENOREERTHE Y =
RIS EREOBZIC L > CTHET L a A E= 9 A+ v REELLELRE T L AT
TELIsufodh, BARRUGICHEIL - C, $FY 7 = VIS o A~ E BRI R EAT 5 2
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HLEBWBLNER ST, FICBEERINDLICE -7, Wacek 8137 = 7 - fby 7= v
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ﬁn/M%ﬁmﬁﬂﬁwmx&ﬁbwmib,@ﬁmvm/mwwﬁmu@mmMmimﬁm
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l | l
CORy o  —C—SO3H —bon —c—@—on
SO3H

- OCH3 i ’ocn3 i ‘OCH3 - io “OCH 3

ORp R2

Rl, Ry ¢ H or (l:-

Fig. 2-1 Phenolation of lignosulfonate.



16 fn MOIE X

!
o
| |
_.F.. _?.._
—COR -C R3
1@ R1: H OH OH OH
RS R3 .
Ry: OH H H OH
(H3CO] r OCH3 (H3C0) OCH3 Ry: H H OH H
o

- Ve
Fig. 2-2 Phenolation of lignin.
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Fig. 2-3 Proposed reaction mechanism of benzy! alcohol group with phenol in the presence of
boron trifluoride catalyst.
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Fig. 2-4 Reaction of benzyl n-propyl ether in . )
- 3 F o> BAZ
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Fig. 2-6  Cleavage of a-ether linkage in pinoresinol structure by boron trifluoride.
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Table 2-1  Phenolation of various functional groups.

Functional groups Introduced phenol Formed water
(mole/mole) (mole/mole)
-0OH 1 1
-O- 1 none
s C=C!{ 1 none
> C=0 2 1
~-COOH 3 2

AR LGB EESCRITLEAY = / — LB TG EREY Y 1A THBED, P
AR B LU EF L AT IFRFN2EABLIUIRAD Y = 7 —ARUEA X R 5T
MDD D, LnL, EBICR—REC 2 A LED 7 = 7 — AERT 51248, ANk X
ROT LB DZ b niebid, V72V ToOIrE=AEBL UL RS LD 7 =
/= AL TEEZE L D L BIET 5 2 TSR A,

1.2 =72 LG¥e 7 = 7 - o RIE

KRG BTD 7 = 2 =R 7 = =2 2 VHESTER A BI9E LT 570, V) 7= v
FHCHFAET D7 = / = MUERED 5 b, RIS <vorrra—n, Avorz -5

HBTEHEERSLO a-h e F = L ENEE L e D
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RIBTHDREED 7 = /) — MLBUGICBE 2 0 2 72,

PER, —HuC Y V= v o7 = s - MUEISEBRT 2 8E, BIN7 =/ - A ERFIG7 =
»@Euxof@n7m/ww&ﬁmtfm&ﬁ,7m/»wm9¢svmm%%%%m%%F
D7 w /= ADEFLTEY, ¥LEEERCS T pre Ve o7 2 2 O SHIZ Y » T
7w/ = AR AWML E A LR D L, OB TGO EH B R TS D,
Hio, KEUGOE 3 Fig. 2-12 o<, o 7 = /7 — A LB E— ISR T RIES F O B &

R R R
| I |
e - c_@_on - c_@_on
P—H—- g ———— +
oCH, ocH3 ; ~OCH3
OH OH H OH

Fig. 2-12 Phenolation at e-position of side chain followed by the exchange of
quaiacyl nucleus for phenol in the presence of phenol and boron
trifluoride.
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0, Ve = ALEIEAREHMET A 2 L Ui, B — 7 4w o v — 31319354 Karl Fischer i
Lo THRAINIHET, a v, WSy A, CIVOVvBLORAZ /A REETEN — A
74y v —REESK LRI T A HE YRR Lok ERETH S (Fig 2-13), o

H S02
2csHsN. + CsHsN |
N1 ~o

I, + 803 + 3CgHgN + Hp0

CSHSN::?OZ + CH30H ——> CSHSN::SO4CH3
0 H
Fig. 2-13 Reaction of water with Karl Fischer reagent.
B, BENECH D 0L ST RE D IERHE L ER AR AE /o 72, ASTM ¥ & o JIS %4 ~
ORBIHBCIESBAS RT3,
ik, RUSBHERKE b0 EDEES S L U= -5 A&, BINEY GC 5
L, REJEWE L OO BRI Y BB L 1,
1.2.1 #RBIoER
V7= v FAEEHE LT, "y OAT a2 FAL LT A=Y AT Aa - NF
YT, THEY ) —ARBLIV 0-Q-4 b F 072/ D)7 HYy s = e A F L —
Fo, @- AR EFAELT A2y, RS PALTATFe Y, TR 77472 viELU
W-(2=A P FTT 2 JFL)T R RT b v BT EERETAL LT VA B L
P ITYAAFARY, AV PN —=FATFLELTTe ¥R VA8, AR, ¥
BEDID, FHREINFAVEEE LT =) YR bR L 7
Table 2-2 \w EHERIE € LRE & F (LB W R IR L 7235 & 0 RIGABUKE 2R,

Table 2-2 Water formed by the treatment of model compounds with standard P-BF,
reagent at 40°C for 10 min.

Formed water

Model compound Sample
(g) (mole/100g) (mole/mole)
Vanillin 0.1975 0.6529 0.9933
Veratraldehyde 0.2053 0.6040 1.0036
Acetoguaiacone 0.2090 0.0066 0.0110
o (& Methoxy Phenoxy) 0.2013 0.1679 0.5077
Vanillic acid 0.2022 0.0361 0.0607
Vanillyl alcohol 0.2023 0.6467 0.9959
Veratryl alcohol 0.1994 0.6277 1.0558
Apocynol 0.2023 0.6018 1.0111
w@-(2-Methoxy Phenoxy) 0.2039 0.3400 1.0348

apocynoi-4-methyl ether

SEEOMEBEE LTI, RV o7 aa - e FARGER$40°C, 104 L5 I Riic &
HFCEROCT =/ A LBRAKBELTUBDIRNL, a-d AR =LeF A1y, Fofide
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TR0 TEADKDERLD, hrFe o il 7 =/ A EBKBEET 5 2 LRSS i, 0
e, Fig2-11 r o227 =/ -/ LIt bl bd, Mo Bl ern 7 =
S ADBRIGL, BRELT2EAOKEENT HERELH D0, 0 L5 RIS, HEH
z WFORFECL 0 BFOSENOT R A BT L » b DL Bbhd

—F, AVFEAY St FFVAARAFASNVELICFE Va5 7 — Ao,
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Table 2-3  Reaction of benzyl alcohol models with standard P-BF; reagent.

KAAFH o> i K 2 I 2
MU AT, TMS{LaE L, UTo4k

MR

Formed phenyl nucleus

Model compound Sample React. temp. React. time Guaiacol Veratrole
(€:9] (Cy (min) €:3 (%) (€29 (%)
0.1978 40 20 0.0324 16.38
0.2010 ” 40 0.0537 26.72 _
0.2008 ” 60 0.0664 33.07
0.1984 ” 120 0.0942  47.48
0.2014 50 20 0.0682 33.86
. 0.2001 ” 40 (.0954 47.68
1 —
Vanillyl alcoho 0.1995 ” 60 0.1066  53.43
0.2065 ” 120 0.1287 62.32
0.2005 60 20 6.1018 50.77
0.2000 ” 40 0.1207 60.35 _
0.2015 ” 60 0.1312  65.11
(.1983 ” 90 0.1347 67.93
0.2007 35 5 0.0994 49.53
0.2005 ” 10 0.1148 57.26 -
0.2017 4 20 0.1243  61.63
0.2010 40 10 0.1233 61.34
Apocynol 0.2003 ” 20 0.1269 63.35 -
0.2006 ” 30 0.1298 64.71
0.1998 45 5 0.1142 57.16
0.1996 ” 10 0.1237  61.97 -
0.2000 ” 20 0.1248 62.40
0.1995 40 10 0.0288 14.44
w-(2-Methoxy phenoxy) 0.2018 ,, 20 0.0407  20.17
apocynol-4-methyl ether 0.2016 ” 40 0.0555  27.53
0.2007 ” 60 0.0591  29.45
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HFDBEFANSEL TAT 32—, <9 b ALEEETHEFADEIE~T b e — D hs
Wb bhi, ¥, BB o bEOFERICBET 5L, 7=/ —ne /=i
AR, -5 BRI & 0 BIZLLUY, BIME e MRS R & A KR U Tew 2 E VR E R,
Table 2-3 &5 L ¢ Fig. 2-14d im<von7 iz -2 F bR ERERRYRT, 2 hb
3D T T DT =/~ AMGEEECF R, 27 = =4 % HREOTR S FUSHIIC 5
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fe=

Vanillyl alcohol -~ Apocynol - w-{2-Methoxy phenoxy)
5 apocynol-4-methyl ether
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Formed phenyl nucleus{mole/mole)

0.4 |~ -
0.2 1 Phenyl nucleus: guaiacol . Phenyl nucleus: L. Phenyl nucleus:
’ guaiacol veratrole
(4 fl i | L 4 i i 1 i i i { Il I L ! ! [ ) 1 i i | ]
0 30 60 90 120 0 30 60 0 30 60
Reaction time{min)
Fig. 2-14 Phenyl nuclei formed from benzyl alcohol models by the
treatment with standard P-BF; reagent.
Table 2-4 Reaction of benzyl ether model with standard P-BF; reagent.
Model compound Sample React. temp. React. time Formed guaiacol
(&) e (min) (@ (%>
0.1935 40 10 0.0331 17.11
Dehydrodiisoeugenol 0.2001 ” 20 0.0328 16,39
0.1983 ” 40 0.0342 17.25

0.1991 ” 60 0.0339 17.03
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Fig. 2-15 Phenyl nucleus formed
from  benzyl ether
model by the treat-
ment with standard
P-BF; reagent at 40°C.
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Table 2-4 O Fig. 2-15 5 e Frog v Ay s —
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Table 2-5 Reaction of a~carbonyl models with standard P-BF, reagent.

Formed phenyl nucleus

Model compound Sample React. temp. React. time Guaiacol Veratrole
(& C) (min) (&) (%) (& (%)
0.2016 40 20 0.1291 64.04
0.2003 " 40 0.1420 70.89 -
0.20056 ” 60 0.1466 73.12
0.2008 45 10 0.1215 60.51
Vanillin 0.1995 ” 20 0.1383 69.18 -
0.1997 ” 30 0.1425 71.36
0.1997 50 5 0.1045 52.33
0.2009 /” 10 0.1300 64.71 _
0.1994 ” 15 0.1385 69.46
0.2021 ” 20 0.1441 71.30
0.2020 40 10 0.0381 18.86
_ 0.1992 ” 20 _ 0.0518 26.00
Veratraldehyde 0.2033 " 40 0.0777  38.22
0.2041 “ 60 0.0909 44,54
0.2013 40 20 0.0155 7.70
0.2015 ” 40 B 0.0282 14.00
0.2001 ” 60 0.0355 17.74
0.2015 ” 90 0.0506 25.11
0.1993 50 10 0.0212 10.64
w-(2-Methoxy phenoxy) 0.2008 ” 20 _ 0.0303 15.09
acetoveratrone 0.2010 ” 30 0.0418  20.85
0.1984 ” 40 0.0484 24.40
0.2018 60 10 0.0382 18.93
0.2009 ” 20 . 0.0575 28.62
0.2009 ” 30 0.0667 33.20
0.2009 ” 40 0.0777 38.68
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Fig. 2-16 Phenyl nuclei formed from a-carbonyl models by the treatment with stan-
dard P-BF; reagent.

Table 2-6  Reaction of acetoguaiacone with standard P-BF; reagent.

Formed phenyl nucleus

Sample  React. temp. React. time  Unreacted acetoguaiacone Guaiacol Catechol
() c) (min) €9 %> (& (%) ® %)

0.2016 100 30 0.1700 84.33 0.0143 7.09 trace
0.2025 ” 60 0.1401 69.19 0.0264 13.04 ”
0.2008 ” 90 0.1200 59.76 0.0360 17.93 ”
0.2014 4 120 0.0998 49.55 0.0439 21.80 ”
0.2007 110 30 0.1476 73.54 0.0222 11.06 ”
0.2012 ” 60 0.1119 55.62 0.0395 19.63 ”
0.2005 ” 90 0.0800 39.90 0.0547 27.28 ”
0.2005 ” 120 0.0588 29.33 0.0640 31.92 ”
0.2004 120 30 0.1123 56.04 0.0383 19.11 ”
0.2005 ” 60 0.0551 27.48 0.0643 32.07 0.0013 0.65
0.2005 ” 90 0.0328 16.41 0.0737 36.76 0.0039 1.95
0.2001 ” 120 0.0186 9.30 0.0823 41.13 0.0053 2.65
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Fig. 2-17 Reaction of acetoguaiacone with standard P-BF, reagent.
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AACRES B SV 2B, UL, 100CHLEDEET T, REICHDOIET, Thbb 7 =/ —
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Table 2-7 5 L OFig. 2-18 im A v 4% / —AinbD 7 A7 a — B RT, FHEH
VEEUSEITR Fs T IR R o i L v U b B Y, RUGERM A IER LT, 40°C Tiivd0=
%, 60°C TiafI45E v 9%, 80°C TLai50-€ & B3I WA L e b, Ei b8z s A
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Table 2-7 Reaction of double bond models with standard P-BF, reagent.

Model compound Sample React. temp. React. time Formed guaiacol
(& (e (min) (& (%)
0.2007 40 30 0.0539 26.86
0.1997 ” 60 0.0589 29.49
0.2052 ” 90 0.0613 29.87
0.2007 ” 120 0.0612 30.49
0.1996 60 20 0.0622 31.16
0.2004 ” 40 0.0649 32.39
Isoeugenol
0.2006 ” 60 0.0667 33.25
0.2001 ” 90 0.0659 32.93
0.2005 80 20 0.0711 35.46
0.2003 ” 40 0.0734 36.65
0.2001 ” 60 0.0728 36.38
0.2025 ” 90 0.0759 37.48
0.1950 40 60 0.0244 12.51
Eugenol
0.1955 80 60 0.0245 12.53
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Fig. 2-19 Stabilization of carbonium ion in eugenol.
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Fig. 2-20 Phenyl nuclei formed from benzyl alcohol
and a-carbonyl models by the treatment
with standard P-BF, reagent at 40°C.
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Fig. 2-21 Second-order plots for the formation of phenyl
nuclei from benzyl alcohol and a-carbonyl

models (React. temp., 40°C).
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Table 2-8 Rate constants and activation energies for the formation of phenyl nucleus.

React. temp. Rate constant Activation energy
Model compound “CH {mole » mole™! » min™1) (keal)
40 1.49%107
Vanillin 45 2.70x107" 15.43
50 3.95%x107
40 1.10x107*
Vanillyl alcohol 50 3.11x107 15.15
60 6.32x107*
35 4.85%107"
Apocynol 40 7.06x10™ 8.19
45 7.75%107"
Veratraldehyde 40 1.86%107* -

Table 2-9  Reaction of diphenylmethane with standard P-BF; reagent.

Sample React. temp. React. time Unreacted diphenylmethane
¢:9) ) (min) () (mole/mole)
0.1916 40 30 0.1880 0.9810
0.1894 2 60 0.1849 0.9763
0.2076 80 60 0.2005 0.9659

Lo THETDLDFd v OLREICHES LI B AFAREEL LT = = VEEDEEST A L, O
EROWHORE I KINCEED Z ENREE L, flz, ~=0vii=yr7ra—nn
WLEEE7 =/ = OB 1TBRLD &, 0CKBITHAHEEERII3.ME0ERET S, T,
Ny ERS AT AT FOREEREHET 2 L, 40T B8 T2 VBT LA
TAF e FORSEOMEERL, 7 =/ — A KEED = — 5 AL FEREOEE R K E L
KFEH5,

T2, FEBOBHCHE T D7 =/ — A HOKBREOEIEM 2 TR 5720, 7=/ -1
MEKEBHEA B LD 7 = = 2 2 Vi ARFGRTAIL 72 (Table 2-9), 80°C, 1Ko 4H:
TTh 7T %O RKICHHPFFAE L, BIRIC T O RKIEHAMEV 2 & Db b, Tiebb, 7 =
s o= KRB 7 U — e BB b TR O E R B B h, = - T A LS h T B%E
AT BRIMEESREH L TV B2 LARBEND, TOBHTS T4 THLMCT 5,

2.1.2 7=/ =k OERERY

B 21D BT, Za /=it o7 = 22 2 v EEER TR LB D ® F{LEw
DFBEGIIIERTI LT e llET 2 2 L 2R LD, ChPEAMENOERT A7 =/ —
N EOBEEIC L > THEU T B0 b, FISE oL oA ERUNe 7 2 2 D
BINGTIEB Y T = 2 A & v EHEENFETHETTCH B,

I TREEREHOBEO WAL, ThbbBAREICOFHERITRT A0, A vk
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Fig. 2-22 TLC of reaction solutions in
the treatment of vanillin with
standard P-BF, reagent.

Reaction condition : 0 I i .
1, 180C 1hr 300 400 500 600
2, 80C 3hr Wave length{nm)
3, 50C2hr -, . .. .
4, 30C2hr Fig. 2-23 Ultraviolet and visible light spec-

Developing solvent : ethyl tra of C-1.

acetate/benzene (V/V, 1:4) (1) in methyl cellosolve
Detective reagent : diazotized (2) and (3) : after 10 min and 24 hr
sulfanilic acid in 1IN sodium carbon-

P, G and C : phenol, guaiacol ate, respectively.
and catechol, respectively.
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C-1 D8N L UFRE A~y F M h B A E(Fig. 2-23), A F v w v 7RERC, 275
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Fig. 2-26 Formation of p-rosolic acid from vanillin.
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and 4,4-dihydroxydiphenylmeth-
ane (2) with standard P - BF,
reagent at 80°C for 3 hr.
Developing solvent : ethyl ace-
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Detective reagent : diazotized
sulfanilic acid
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Fig. 2-28 Visible light spectrum of the
extract of reaction solution of
vanillyl alcohol by standard P
-BF; reagent with IN sodium
carbonate.
Reaction condition : 80°C, 3 hr.
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Fig. 2-29 Formation of 4,4'-dihydroxydiphenylmethane and its quinonemethide derivatives from
vanillyl alcohol.
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Fig. 2-30 Gas chromatograms of reaction solutions in the treatment of vanillyl alcohol with
standard P-BF; reagent at 40°C.
Reaction time : (1) 20 min, (2) 60 min, (3) 120 min.
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Table 2-10 Reaction of vanillyl alcohol with standard P~BF, reagent.

Sample React. temp. React. time 4,4-Dihydroxydiphenylmethane Guaiacol
(g cy (min) (g {mole/mole) (mole/mole)
0.2055 40 20 0.0778 0.2915 0.2034
0.1984 ” 60 0.1058 0.4106 0.4102
0.1985 ” 120 0.1075 0.4169 0.5893
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Bl S M D BABUE DB, oL & T2 7 v v AR o h .BF

3
HATH B o ik (4 B 2O EEM ORI 2> 10Tl BF Cj
vr 0 LR : 2
ﬁZc‘/IUﬁ Ny /nm}’[ p- f‘L% %‘}f)‘ 0~ f‘l.%‘rxm*g'er ‘9@;)&9) 4




27 bk v H e 7 = S AR RTA Y Y = ORI B ST 43

B s hbicdTh b,

FIER80CTHT o il Gwiy, A=Y vRIUAA= ) A7 Aa - DT hOBASRERD b
T ow ) =D PR ERDETH o 2h, ARSI, e s v 4 T FHEE Y
WEhtcted, ThPBOBRE R U -t b0 X bEEL DL, ¥ bil, Zoga4
TOFHEGDHLEBRE I 5 0D EBOEFHEIMETL, BF L OSEBR BET 5056
ThHb,

AE Y VELTA s YT - b G U EOMEERS S, P72 a2 ViR R
WA 5 HEEOWBMENE, 7=/ - OB L - THRT A LWL IR, ¥, AR
BEEC L -TiL, BRI RY Y a4 8 VEESEELI R, B LI v 45 Vil
DERTHZ EARE T, I, P ¥ e F o7 e = aa vl ET SR, fix
DEILEIEL H B ER BT 5 2 Lin k- TR b h, HFOMET bbby s v
AF VR ERT S 2 EPMLNR TV 50, AR, 7= 2 —Aflokliiit BF,
MENTAHZ Lind -, Fig. 2-31 ond & v v 2 o VSO BRAMEE S iz D L E 2 bh
Bo LD TolRE, BB SALEISHRICA 1 ABEMR D &, FOMBEIEE L &
HbIEFEEND,

H H
OO 2= w0 = O = O
R Bra
F3

Fig. 2-31 Formation of quinonemethide structure.
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b AdOERICAVCOR TV S, 2 v KKRBROrb D) VR E 5 VO RAY A
Th, A a vl a5 A0 8E0, 2 b o AR F b3 5™, ¥4, A7 A EFIHEYH
& LicdbDs LT, T4 YORBELYHEVGRY AFAALT 4 FORGEPRELNRTRD,
VS m vk dy EHc200C L BT A 2 i X o TR IR B, Fio, EED, R,
SR, BALKSREE™ D DU HBEAL Y v GRS L HRE S h T b, UL, Zeisel 3
HBEA A TR IHER, TR T OBMBERYCERYIE Y, AR SEREC
DT EA LB SR TE O, $ KRS0 EARIEAEMECH h EREICZ Ly,
22T BFEbs L UOKBREO7 =/ — A DFET HEARIERIC TS A b F Ao $s
BYDE, TAFATY =Nz FARERETL A b+ VM7 YV — e — 5 LS L
L ABRCEBTLTHAH Z LRMATHEIR S, Tihbb, 2 %y ABEFEF I BFAE
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352 ik »T O-Me BOAENEDLN, AFADIAE=Y aA 4 v OERIMEES R
Ho bbbHA, NFAVOREMRTERELINGAFAD AR A4 d Y OEREES £ b %
S RBEDPELCIE, Y UAT Y —m -5 AR LD b EE A — T B L TFHERD P,
K0 BB 13 BFod BT 0 2c 3550 T B oo, B8 7e 2 BN IS 7] R e 3
WEnDb o Ln s TE D,

ABUCERGTUE, A b v BB 2 F A LRI BE T 5 7o, $HE8 Y 7 = v i Lo B E
BB THLH 7T AT 2 =BT OB A 7 LB BR A2 b L3k, ' Fa{LEY
DD H T a2 - LERE N LEEL o,

3.1 fEBds kU

3.1.1 2 ool

T DWMESGMET, EERBL D277 17 3 A DRIEK Y GC, TLC, PPC&iz ) » Tk

Table 2-11 Reaction of guaiacol with standard P-BF; reagent.

. Unreacted guaiacol Formed catechol
Sample  React. temp. React. time
n (2) (H+(2)
€9 €, (min) (g) (mole/mole) (g) (mole/mole)
0.3970 180 10 0.1590 0.4005 0.2164 0.6145 1.0150
0.3964 ” 20 0.0366 0.0923 0.3113 0.8854 0.9777
0.4034 ” 30 0.0130 0.0322 0.3325 0.9293 0.9615

Alfce 7=/ =l X ORISR L < T3 5 1%
MRS, RSP IEEEACER S s, A 1.0
BIRE100C AT B H 5 3 — A DERATD b, DUREE -
AEdbimfimL, Fhuctb-1T, 2 vV — L oERLBESR
oo LL, RIGHICHERRIGS 7472 =0, hya—nLik

0.8

JU7 vy = A YA DERY D bR 1, 5&6

Table 2-11 % X 0t Fig. 2-33 10 LRI E180°C 1o 351 B 3 5 §m

D AR R, RISHMOER L ICKRIEZ 747

= ADOFDR LD T o — L DBEMIED LR, %3045 02
CUREINBLLED £ b BB A F LS R T By % 7, ol N
KEZ 7 A 72—k O%ER» 5 2 — oS HEE, KK mmfnmmfo
Rl & B TR T 500, @EM72/ 747 2~ 8 Fig. 2-33 Reaction of guaiacol
ISR, ) 7 2 — L OEASOBIRIEE & A KRS, with standard P-BF,

reagent at 180°C.

Bt 2 = AALBOS 3 E BRI T 75 L 2 b, ®—e : guaiacol,

Mo AR T A AT ) i — 5 LR o B BY 0-—0 . catechol

LT < ohoiErna bh, McOmie %1 =8(x o 3%
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HMe
ArOMe + BBrj -——> Ar—%<§ w—w  ArOBBrg -+ MeBr
Bra

ArOBBr, + 3Hy0 ————> AXOH + H3BO3 + 2HBr

Fig. 2-34 Cleavage of alkyl aryl ether linkage by boron

tribromide,
@ GDCH3 H3C H CHjy
O, @ . . @ @
OH OH OH l

@\ Bra 29 P !
pet—— p——
OCH3 CHs P
OH OH e
@: BF3 OH
OH OH

Fig. 2-35 Proposed mechanism for the demethylation of methoxyl group in the presence of
phenol and boron trifluoride.

VDS EBRD D CITRUTORESMYT il o4 5 2 L &R L, K Fig. 2-34
OMEAEFTT A EHEL TV B, F7, Langed vy o v L UERIELT A S =9 2z 2 b,
ABCOGEHETTA=Y vy D85~90%D 4 b F v VBN A F L3 hb 2 EHREL T b, T
Ighob, A AREMGD L, WEL 2ofli« O 2 F LR (p44) X 0 IER kR e R ¢
FOGHEETT A L2560, ZBALRvELH 74 =y a2 BGCI RIS, v
A b F o VHEEERET L4 A & OSEEIBR S L O O MK R L 0 ETT B, T
o= T AR E RO A ARG L » TS D = Licle b, BT, BIMIRIERLAE
KEfEChhH ok, FHETH= T A ES L UBTFHERT L0 SBREOA A AW L EHT
HIENBELID,

—, KEIGEESC A A A Th D BRIV 0 th BN, IR EFot5Esed
T5H7 =/ = ABIGRFICHFEL T B b ik b, BFoRE T K-S U 7 =
7 = ALD BTSRRI 1o G T TR E U T D, E KRG T IR TS 7
TAT 2~ ADOFIGHEYEBIC TLC CHRELCL, #Fa2—~AOAKy P BBEEING 0,
B4 F AL EE RO KGR A LIEL Ui Z E3BATH B, Ticbb, ARIERICI T,
BFy 30 B bGHc L » TREIE SR DD Tihin <, k- AR o Lo X - TRt
ELTIERLTV S EE 2 bR, BAF LRIGRERY E L Th T a—nihics vy —a i
Rdbhiel EEERT S E, Fig. 2-35 oM<, + b & v A HEBERT~0 BFORAIC L -
T O-Me HIOHEEREBH LN, LU AFAAALE=I AL FVIET =/ —~AD n BEHREE
FIBEER T 5 2 bk > THITLIcb D EE 25, BF ARt s L Coa S BE LTy
hrklit, ry747a—-AExl BERRMEAR A H0.7E UnBaw b3 &I 2 o ki
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Table 2-12 Reaction of guaiacol with P-BF, reagent.

. Unreacted guaiacol Formed catechol

Sample BE,;/Sample React. temp. React. time

(1) (2) (D4(2)

() (mole ratio) CH {min) (g) {(mole/mole) (g) (mole/mole)

0.3963 0.7 160 30 0.3171  0.8002 0.0629 0.1789 0.9791
0.3958 ” ” 60 0.2543  0.6425 0.1166  0.3321 0.9746
0.3969 ” ” 120 0.1760  0.4434 0.1918 0.5448 0.9882
0.3969 # ” 180 0.1360  0.3427 0.2275  0.6462 00.9889
0.3999 / 170 30 0.2753  0.6884 0.0996 0.2808  0.9692
0.3956 # ” 60 0.1908 0.4823 0.1725 0.4916  0.9739
0.3970 ” ” 120 0.1008  0.2539 0.2584 0.7338  0.9877
0.3996 ” ” 180 0.0528 0.1321 0.3064 0.8645  0.9966
0.3988 ” 180 30 0.2250  0.5642 0.1517 0.4289  0.9931
0.3985 ” ” 60 0.1302  0.3267 0.2365 0.6691 0.9958
0.3952 ” # 120 0.0596  0.1508 0.2958 0.8439  0.9947
0.3952 ” ” 150 0.0472  0.1194 0.3078 0.8781 0.9975

(mole/mole)

1 L

bt ! i i i 1,
0 30 60 90 120 150 180
Reaction time(min)

Fig. 2-36 Reaction of guaiacol with P-BF; reagent [BF,/Sam-
ple (mole ratio) : 0.7]
React. temp. : —— 160°C, ------ 170°C, — » — 180°C
@@ . guaiacol, 0—0 ! catechol

HITTH2 LB BB THD (Table 2-12 ¥ J ¢t Fig. 2-36),

K HEEH
Ll, 7o/ —=nhZ 747 a— st USGBBICERET 5120, RIGBRERT 50k
B REY 5 o L2 tE, Fi BFaEch s, ThAS0BRERGThL—E &Lt
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180

170

MC
o : " "

) 1 1 i L i J
0 30 60 90 120 150 180
Reaction time(min)

Fig. 2-37 Second-order plots for the formation of catechol from guaiacol.
Used P-BF; reagent : 0—0 standard,
©—o BF;/Sample (mole ratio) 0.7

Table 2-13 Rate constants and activation energy for the
demethylation of methoxyl group in guajacyl

nucleus.
React. temp. Rate constant, K Activation energy
eH (mole « mole™ « min™) (kcal)
180 5.78x 107
180** 5.17X10™
170*# 2.62x107 30.6
160** 1.08%107*

Used reagent : #% 1 standard, % 2 BF,/sample (mole ratio) 0.7

L2, f-C, RNELKRD L5 CRBLTE 5,
V=K[Z 7472 —=n]% (2)

LT a R LIics 2 b, Fig 2-37 1m0, RINEES & 0 BRJEE A 25k X 9 72
WTRORIE S, 2EEERE LoBE Kt LB E L oMIcERBE RS SR (V=K 7
A7 2 =), fods, B0 ~OAMHBAR AR TS 003, KIGEMO R—53 7obb KIS

BRI ERECRETLECORA LTI VI D L E 25,
Table 2-13 14 & ic s v A EEER A -1,

MR E OB S X OHEER O log i+ 57 v =92 7n, + RERYRL, FORR
LY, REIEREBFDI T AT oABA L2 A OB A F A LD EAL= A ¥ — L LT

30.6 kcal %71,
3.1.2 =F bbb n s 2 -
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— Vanillyl
é 1 alcohol -~
T /O Apocynol Acetoguaiacone
'S
Eo.8- o - o 14
E o/ Guaiacol
50.6F - ///’ - 12 Vanillyl alcohol
o /
s o
3 @ e
ﬁO 4k - - /
g \ ] 1or
ok L L Apocynol
U?O \ a\ \ pocy!
\ O\° 8_
2 oz @0 020 o
Reaction time(min) £ 4k
~1.0p Vanillin
= Vanillin ° ®
=3
pra————— ]
Zo.8f 0" ar
E /
g [}
2 0.6F 2
w
-3
[ =4
=l 0.4F 0 i 3 ! | i | . 1 !
% 4] 30 60 90
° Reaction time(min)
g0 2r \
g .
] °\. Fig. 2-39 Second.“order plots for the
o] MR T - e = -mo formation of catechol from
0 20 geaction time{min) model compounds (React. temp.,
180°C).

Fig. 2-38 Phenyl nuclei formed from model
compounds by the treatment with
standard P-BF; reagent at 180°C.
®—® : guaiacol, O—o0 ! catechol

HHETORBIZE T, V2=V o7 =/ —afl, 7=/ —1L ko5 X o2 -
MALBSE, RS ARIGRIC S G TEITT5 2 20 S b Te o fods, B0 e Loy o
= VEBE RSN T =/ —ANEFET L, B4 AALBUS R HEEO I < B CT o o
Tikie <, 7 =/ =l L OB L RRICET S e b, ZoBEe, 7= s —aqbk
AES L OBIRERY TH DY 7 = =0 4 2 VHEBEEOBET HRTORIE L b,

T, V==l LD KEERL, FBTRERSORED RIS 4o FAbs
WL, BMEREE, 180°CAEIZ k1) 5 S EMARE L LEHES L7 (Table 2-14 % L of
Fig. 2-38),

FRENML, CTROEFANLE ST A7 a2 —ARBIONT 3 - LOERAED SR,
RGO GHE CREINDWEHEL o FERBE Y, 7THY / —AB LU= v T21E90%
%, il = VAT LTRSS BIIF100E A B TH B, TR b 7747 3 vihh
O EF AR T LB T <, 180°C, 300 DEHMETTH 60T A% THBH, ik
7w ) = ALEEORN, Tihbby 7 e 24 2 VIEEBRARIE L2 ks b oTh
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Fast

Q-0

Qe (3~

o jowg b
H OH +
oCcH3 OCH 3
OH OH —
OCH3 oH
H OH
A\ 7

Slow (Rate determining step)

Fig. 2-40 Formation of catechol from softwood lignin.

Table 2-15 Rate constants for the formation of catechol from
model compounds.

Model compound React. temp. Rate constant, K
cH (motle » mole™ « min™*)
Guaiacol 180 5.78x10™
Vanillyl alcohol o 5.59x10™
Apocynol ” 1.48%107!
Vanillin ’ 6.71x107*

%o

75 = BRI IEED 7 = =l & BRI UE £ OMEERR L LTRSS, EOHM
Q7747 3~ bDh i a— B E R Aok 2 REERE Lica, Kt &L
ORENCERBIRLE B R 7 (Fig. 2-39),

IhBOHER, 180CIKEBITE N T o — VEROBBEER L2 + ¥ v Ao 4 F i d
n, 7=/ =kl I ORISR T LT 5 2 & %iRd (Fig. 2-40),
Table 2-15 i MEEER AR HF 2 — A EREER, A=) A7 A2 —=A>7 4y — >
A=Y vDIETHD, Bl AT A - A DRERR-RIEREBITE 7T A7 a1 LiE
FHEEL T B, A=) v da ) a7 ia—Aofl/8kind, Zhb 3o F AL
i, 7= /= AABERKE S L, BII80C TR E OB BERMIZEBRC s 74 72 - b L
THHET %o, Ba F AALRIGEIRR s 1) 5 BFfEi s L U7 7 4 7 = — VREGIRIER—
ERRLBAN, FoOrT a2 - AERBENR - TV HEE R, FIGHRAPCEET 5B RE
B (AR VAT Aa - DB 7t Ax Yy, A2 volgr ) 722 X VILE -
T A F ALRIG S R D & LR RBEL TV 5,

LrLueFhicLTh, DEDHIERLS, REERTOLBIZL > Ty 7 = =02 2 VHiE
MR L IELBEEIIEERNICEM Y =/ A & UCBET A5 2 i nThh, Zhul
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AP I CCHERT 5 3BEIES, FRc LS ERH O 2 RNHESORIRIE RS 2 &/
CHEFTTHZ ERRTLDOTHD,

3.2 92 B

(1) vr7=veEFr{Li®h

FTAT A=, RNy N7 a—nLO07 b 27472 v Wil Rk
B ZEKKED & Ao,

TR s = i31.2.2 (DR ERL 2,

(2) P-BF:g¥0 X % % 5 A b&W o Wit L Ui o e

1TTmIBEAT v v AR 7 ook — v 7 U =512, = F ALY ) U P-BFBEE (a5 5
Wik BFERInG % BFs/Sample=0.7 (&AM wiEfiL 2R I8 28 AL, mnh e L o
DB FTE SR T RIE R 1T » 7,

BUOSH O NI X OO 5 4M21.2.2 W& @BETH 5o inds, ER AN E 11

P FedoXvX7AFe VBT,
4 R BLEFTET7vibhIBBL U7/ —ILOEE

Sl 7 = /= MERRIGICE TS BRaks L U7 = /7 — A o8 ) A TR 5 L,
B 3 MRS E DB B R R 18 5 10, BUEHRICE TS BRks L U0'7 = 2 — A fRbndi &
ez s e, e S JIETFh b OB LRE L,

4.1 HERIs I o

4.1.1 H7 = 7 — 0Bttt RIGHEOEL

CHETCORBEIESL L TKBRO 7 = / - A FUBEREY AT -T& ey, ot
EETEMT = 2 = AEABUSTEHRIC s JET B Y RHT 5 2 Lt Lt lx O RIE(7 = / —
oAb, BAs#, B T T R
TR LAT T~ %,

Table 2-16 1R/ H1<, = 5 A{b&iic

Table 2-16 Reaction conditions.
(mole ratio)

Model compound Boron trifluoride Phenol
1 95 10 LT BERmEAE—EELL, 7=/ -0
1 2.5 9 wRhnd A w40~ 5 ¥ CEL X W&
! 2.5 Z TRz Y vRIGA= AT A2 =Lk
1 2.5
1 2.5 5 MILI L2 H, BN ~50%&HETTC

' T LB R T B RO EIERE DB
CAET L, A=) volig, RELORGHBCHMU CHEBLTh, TiREiyr il
TR H D, Flo A=Y T o n - ECERLUEC, RISAROKEHAHL, KIGK
BYRE L T A BHITIIBEML fods » 1,
40°C, 205 BUE# T, =) v T BIR S e BB E A DI - o, BUSERE
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Table 2-17 Yields of red precipitates formed by the treatment of
vanillin with P-BF; reagents at 40°C for 1 hr.

Sample Reaction condition Yield

(o Phenol/Sample(mole ratio) €)) (%>
0.1994 9 0.2177 109.18
0.2048 7 0.2641 128.96
0.1913 6 0.2456 128.38
0.1996 5 0.2516 126.05

DEEC RO G, BP0 B2 SR, UGB O &3 mL 7o,
¥, LEWE GC, TLCCHRBELIE DA, W7~ 5 OBEREISHBFED Bhvios, 90
DR LI, —F, A= YA T AT = ATE TR T~ 5T, ToENSEL LT
WAD, R BEBROEIREIEG OSSN A DRI (B0 BRI IR, Fioos sy v LR K
IR & S AR O TR O W AR S D B, foks, WRINE400HE I = 7 At
BRI HBI L, F S BCRY 0 L RS Bl o T,

A=) U BAER L R e - T VBT, =k A BE, A= VAT b DT
M= —F AR TH D, $ o h bk ERoFERREL TEY, T bORERIIF2.1.2

Tt 7 = 2 — MUY CH D 3 BfkE L U2 A0k LB CTEUL TV B Tobb,
SRR RN T = 2 — A DA S REOBMIE T LD, 7 = s — AALER AR

CHEBLI b0 lE L LR 80
#,%K%M%@ﬁwﬂﬁ%% 2
M3z

60

Table 2-17 123 =V v b
SR L R EEORE YR S50

B
T, R 9 Co g Mb & ,__‘:’ 40
BLCEFLRGY, T~51 T

~ 30

BB L GERL TV B,
Fig. 2-41 & 9 s L O 20
51T AERBOEN B LT
R <7 2 A dmT, Bic .
RO 7o b % = Y v DR 200 300 400 500 600
Wave length{nm)
RpThDH p-w S =D

Fig. 2-41 Ultraviolet and visible light spectra of red

B FFL L 223, b pe precipitates formed from vanillin (in methyl
@ — L & FRE, 280 nm 35 & cellosolve).

Reaction condition ;: Phenol/Sample (mole ratio)
0450 nm R AT B L C ()9 @5
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%00 5(')0 6?)0 Fig. 2-43 Visible light spt?ctra of'the
extracts of reaction solutions
of vanillin by P-BF; reagents

Wave length{nm)
with 1IN sodium hydroxide.

Reaction condition :
Phenol/Sample {mole ratio) ;
(1) 40, (2} 9
React. temp. ; 40 °C
React. time ; 60 min.

Fig. 2-42 Visible light spectra of red pre-
cipitates formed from vanillin
(in IN sodium carbonate).
Reaction conditions (1) (2} : the
same as in Fig. 2-41
(1D and (27: after 70 hr in IN
sodium carbonate.
B, —J5, IN KR+ Vv Aok (Fig. 2-42) Cx, #$7:02530 nm ATk HIE L,
B IR R B U, LasL, TORFRIB I 2 o iR L, 530 nm oIS A L 7, &
MY ARERINT S

o, MR EY IN Kb b Y v AR, Bl 4 v
&, T ORERRFIORE L, 530 nm ORI SELICHL L1, B OBEE, LR

HRMEN 7 = ) AL B L r /v AF P TH B I EARLT S,
BINEA0DB B i3, RIEDBMAEL S  ERD D RIERCEM L T 5 7o, KIGH % IN &
Medtr v Vv AR L, T OWEEA <2 b AR gL (Fig. 2-43), 530 nm o WL
CRERDNEE 902k 1 B G & Ll L TR /NS <, RIERAD 7 = 7 — A DR T B & AR

DIALIMEE S D Z EAWREE N D, Zhit7 = 7/ — A0, T BRoiiss LEsE
T BFOIEBELEE 0, FOERE LT, LSO K~

TFHERFHB T2 Lic k-
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DEPLOFERIHR Lo L1n X b EE LD,

Fig. 2-42 42759 IN jREE > -V & A BB B4 530 nm oW, wFhd p-v vy —
a0 A&, FRBEMy =/ ~ 2o 30K TFT52, ZheBEOBRMEBER T LD
KSR 0 VR o BRI L, Bl oo + v A2METF LizicdTh A 5,

4.1.2 7 = — AL

EFAMMUEERE T = s - L OFUGHEE, 1.2 & REREISAERKED HEET 5,

Table 2-18 127 = / — A{LRIGICRT 5 7 = 7 — AR OBEART, A=) v LU=
Y7 b3 = A IR0 C RS B A O KAV T S o L, WG 9 LUF Tl AR
R EA L, Bt =) YT =/ = i EPIIE T L O B, S oBKRE, RIGHE
LU CTHEBELBH ) AT H7 = 2 —ADOBPE L -0, RIEHRE—Llr otz binde-3<

Table 2-18 Water formed by the treatment* of model compounds with P-BF, reagents.

Model compound Sample Reaction condition (mole ratio) Formed water
(g) BF;/Sample Phenol/Sample (mole/100g) {mole/mole)

0.1975 2.5 40 0.6529 0.9933
0.1985 ” 9 0.3032 0.4612

Vanillin 0.1963 ” 7 0.1609 0.2448
0.2061 % 6 0.1267 0.1928
0.1986 ” 5 0.0677 0.1030
0.2023 ” 40 0.6467 0.9959
0.2024 u 9 0.3779 0.5820

Vanillyl alcohol 0.2023 ” 7 0.4692 0.7226
0.2009 “ 6 0.4647 0.7156
0.1988 # 5 0.4973 0.7658

# React. temp. : 40°C, React. time : Phenol/Sample (mole ratio} 40 ; 20 min, all others ; 10 min.

Table 2-19 Water formed by the treatment of model compounds with P-BF; reagents at 40°C for

10 min.
Model compound Sample Reaction condition (mole ratio) Formed water
(® BF,/Sample Phenol/Sample (mole/100g) (mole/mole)

0.1975 2.5 40 0.6529 0.9933
Vanillin 0.1979 1.2 ” 0.6500 0.9889

0.2034 0.6 ” 0.5924 0.9013

0.2023 2.5 " 0.6467 0.9959
Vanillyl alcohol 0.1964 1.2 ” 0.6542 1.0074

0.2031 0.6 ” 0.6334 0.9754




56 i oMoE Sk

EEZ D, Tihebb, S=2) v 2 2A07 =/ AL TIEUDT 1 EADKEERTBH, &
Ik 9~ S DEMETF TR EALDT =/ — LB (27 = =0 2 2 VRS O Ciefshicil
L, $REERETERTs A=A T7 s —AORBEAOHMMIL A=) v Lo b,
B DAEBORICHBET 500, ToMEREC L - TR L OBMER R, B8R
BOEREFL L LIk Bh L ThHD,

Table 2-19 = BFyifshndic & BUGABUKE: & OBIFRERT, X = Y v OB& R0, 6 TET
EAER R 2, s LT, WIho&Fcls v Th, @it Fr3bmiaSiokiamL
BO, 7=/ = MLEIGEREE AL BEOWRINTHTT 5 L w2 %,

WRITHOR TELT e b v T X 57 = 7 — Al Cl, R L FIGHET S5 i
BEAYES AU BE A A E 1 U fe s, BEARRIBOEHENE . Fig. 2-44 ofn < v 4 ABERME & R — & &
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Fig. 2-44 Reaction mechanism of henzyl alcohol with phenol using proton or boron trifluoride as
catalyst.
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Table 2-20 ¥s & * Fig. 2-45~Fig. 2-47 1= BFlRings & BEEER & OBE AR, =Y
VI L U =Y T 3 - A OB T A% BR OB AR, L= Vol
HERMEA2.50 1.2 S5 L, 7747 2 —AERE KR (AL, Fir0.6CiiziE
0 &lsote, Fiz, A=) AT g ATl 20T, T TR77A47 3 - ADERITEDLS
Nighrotze ULinL, A Va5 2 = Ti2 5061, 08 298¢ b ek & fe b {bitic
<o EROGIS T R E ST L TV B,

AP LB D 7 = 7 — LB BT 50, N2V v BL U= YA T AT LD T =
oAb AR ORI S DR L, AV A — A TIAROERIL G, T b
Bl TUBAET > Th, A=V vBIU A2 VAT AR~ e Vb A5 )= T, 7 =
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Table 2-20 Reaction of model compounds with P-BF; reagents at 40°C.

Model compound Sample Reaction condition {mole ratio) React. time Formed guaiacol
(g BF,/Sample  H,O/BF;  Phenol/Sample (min) €3} (%)
0.1991 2.5 0.5 40 20 0.1275 64.04
0.1980 ” ” ” 40 0.1405 70.96
0.2003 # ” ” 60 0.1465 73.14
0.2001 1.2 1.0 ” 20 0.0131 6.55
0.2011 ” ” ” 40 0.0261 12.98
Vanillin 0.1989 ” ” ” 60 0.0354 17.80
0.2015 4 “ ” 120 0.0589 29.23
0.1997 0.6 2.0 v 20
0.2010 ” # ” 40
0.2007 ” ” ” 60
0.2003 ” ” ” 120 trace
0.2021 2.5 0.5 ” 20 0.0331 16.38
0.2005 ” ” ” 40 0.0537 26.78
0.2001 ” ” ” 60 0.0661 33.03
0.2001 ” ” ” 120 0.0949 47.43
0.2015 1.2 1.0 ” 20
Vanillyl alcohol 0.1992 " ” " 40
0.2009 ” ” ” 60
0.1999 ” ” ” 120 trace
0.1997 0.6 2.0 ” 20
0.2016 ” ” ” 40
0.2008 ” ” ” 60
0.2006 ” ” ” 120
0.1989 2.5 0.1 ” 20 0.0513 25.79
0.1992 4 4 ” 40 0.0572 28.71
0.2005 ” ” ” 60 0.0591 29.48
0.2010 ” ” ” 120 0.0614 30.55
0.2000 1.2 0.2 ” 20 0.0469 23.45
0.2002 ” ” ” 40 0.0537 26.82
Isoeugenol
0.2011 ” ” ” 60 0.0557 27.70
0.1998 ” # ” 120 0.0605 30.28
0.2007 0.6 0.4 ” 20 0.0181 9.12
0.2009 ” ” ” 40 0.0280 13.94
0.1990 4 ” ” 60 0.0376 18.89
0.1989 # % ” 120 0.0528 26.55
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Fig. 2-47 Phenyl nucleus formed from isoeugenol by the
treatment with P-BF, reagents at 40°C.

A4 B, F7, b LAFEISRZELT Reaction condition({mole ratio) :
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BRI, BRSO & 5 i W 25 01 0
R L D AT B KD B i (2) 1.2 0.2 ”
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Fig. 2-48 Intermediate = and ¢ complexes in the exchange of guaiacyl nucleus for phenol using
proton or boron trifluoride as a catalyst.
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WCFRIC L S THAE S D2, ZOMERHEER LMK L o 7 gkl L U o SiETBIED
I o TR S R, SVGCRETFREYET S BEAAV L E, ChBEEEROEM b= 2
Fo-pmT e b vORE L) KL, BNAAL TRIEPETT 5 (Fig. 2-48), HER L1 4 AB
Lot A Z o kb ingE ko R Aalbersberg %9 X » TEB BTV %,

XS o BUSHBREO TMMy, ROERBREERIC Y » TS B 5, Table 2-21 15730

Table 2-21 Reaction of vanillin with P-BF; reagent.

Sample Reaction condition {(mole ratio) React. temp. React. time
€3] BF;/Sample H,0/BF, Phenol/Sample ) (min)
0.3997 0.9 1.3 40 40 60
0.3971 ” ” ” 180 ”
0.3975 ” ” ” ” 180
0.4005 ” ” ” ” 300
Formed phenyl nucleus
Guaiacol Catechol
n 2) (H+(2)
(g) (%) (mole/mole) ( (%) (mole/mole)
trace -
0.2630 66.23 0.8117 0.0208 5.24 0.0724 0.8841
0.2423 60.96 0.7470 0.0421 10.59 0.1463 0.8933
0.2318 57.88 0.7093 0.0547 13.66 0.1887 0.8980

< BEsWEINGEQ. 9D &M T = ) v R UB L 7o, ABRECTTZ 7147 2 =20 ER G
EAERD LRI, 180C TV 7o) = ) vEICEIEINRT 5 F BT 5, Z UL
JERD KA BFosf UC1.36% (M) AT 57, BFao K4S 1 BE S GBI METF L
fofE R, BFs & oA DI L A BRI T CRISE Ul » 100y, oBaw b IR

BF3 + HyO === Hy0:+BF3 === H® + (HO:BF3)°

Lo THEULY e b Y BEEL TR D, 180C TR 7w b VHRBESIE & U CRASHASEST L 72 b
DTH5H

Table 2-22 35 & 0" Fig. 2-49 =7 = 7 — A ¥ings L BEBA R OBGRA TR,

BB L7220 (4.1.D, W% Q LR el e s L, = Fabil, Hr =y, <=
YT A = A ORI LR BICET L, By = 2 — A bR (38D B
2R RSB T B, 2R B OBRI TR S ASREISIC K E I B B LE T,
HHEE D 77 47 2 = MR R EEELR T S C LT E i,

NEYVAT N =B LU A A = ADBEE, RN RS 9 b e T, &
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Table 2-22 Reaction of model compounds with P-BF; reagents at 40°C for 60 min.

Model compound Sample Reaction condition (mole ratio) Formed guaiacol
() BFs/Sample  Phenol/Sample (g) (%>
0.2005 2.5 40 0.1466 73.12
0.2001 ” 9 0.0723 36.13
Vanillin 0.2011 // 7 0.0955 47.49
0.1994 ” 6 0.0918 46.04
0.2001 ” 5 0.0627 31.33
0.2008 ” 40 0.0664 33.07
0.2015 ” 9 0.0716 35.53
Vanillyl alcohol 0.2005 ” 7 0.1155 57.61
0.2010 ” 6 0.0938 46.67
0.2006 ” 5 0.0878 43.77
0.1997 ” 40 0.0589 29.49
0.1992 ” 9 0.0573 28.77
Isoeugenol 0.2009 ” 7 0.0624 31.06
0.2012 ” 6 0.0541 26.89
0.2007 ” 5 0.0472 23.52

AR E BB R bhigwosL, <=

1.0
U Cit, 7= 2 = {LERYD 3B TH B "
DRATRSET AN RIS T A IRk & 0.8 |
<, BEREIHI2UTIIETL OGS = 0

0.6 -

TrhA—=ABLOA YV FAY /=D = ) =
TR TR 2 ) RN 9 ~ 5 O fEE
Tk, FEF ARG T CER S T AT 2 -

irg

® Vanillyl alcohol
A Vaniltlin

Formed guaiacol({mole/molie)

ISR LN, Bl AT A B L 0.2 1 u Isoeugenol
OA VA AY 7 =BT 5L ORI INE400
ol 1 1 1 Lggp

BELVHL, 7=~ MEOBD LR 56 1 B 9
Phenol/Sample(mole ratio)
BESEAT A EORBEEND, ZOHB IR

- : N Fig. 2~
DL BB LGS, 7 e ) — A ESEAT B & ig. 2-49 Effect of the amount of phenol

on the formation of quaiacol.

BEWIEBIENEE D, 7 = 2 — A {bERBOK Reaction condition :

) . BF;/Sample (mole ratio) ; 2.5
Bpdkic BE BT AHER DK & < 7e b (.54 React. temp. ; 40 °C
WoT, 74 vohRIEESR, FhNER React. time ; 60 min.

BEMBTHZ Lk > TROBTFEEED LR S (Fig. 2-50), %7:—7, BF:OEBIERIA
ASEARICBES L 5 57 ) ~ 7o BRSNS w52 Ll b, BRI OE 1 B 7x
bbhE s BF o 7 SEEMRIMEEI NS, DX 57 = /7 — KIS EIE
EHT 2E50, 2. 1.1 TRURINS 7 = 7 — AR EN 2 52 —F LS te T P A a7



62 #®om E X

¢ c c
& ¢ ¢
—-@—OH BF IC—@—OH (’3-—@-0" -—@—OH —@—QH cl:_@_ou

—
= prose == ey
oCH 3 OCH3 OCH3 O N"ocH; OCH3 ocH 5
il HO t-BF o o

oo o €3
D e 03
C— 02

=+BF3

Fig. 2-50 Formation of anion by the coordination of boron trifluoride to phenolic hydroxyl group.
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Fig. 2-51 Reaction of guaiacol (1)(3) and vanillin (2)4) with P v O%h, BFFRINE2. 4% X

~BF; reagents at 180°C. V090 L R IC 3 T b
Reaction condition(mole ratio) :
BF,/ Sample H,0/BF;  Phenol/Sample 180CHE&MET T, 7 = / —

oo ol Y A & U IR < B
(3) 0.7 0.3 ” B o L, B»igk
() 0.9 1.3 ”

SR gD 7T 4
T A= B L CKOFET HRTOR A F LIS E H I LG AL TH D, Lvl, RIGHRIE
WERRAERM THDH L ) 7 2= 2 2 VAL TR Y, ZHEl 4 7 URE 8 Y 5 X
T 7o, e FAOREYBBILE TS L vd s, Ban® FAmisit b sk &
Bt LT & OFEBIITRETH B,

FTAT A ADREFITREND L O, BEEME S v BUTTH » CHLIFET HKM
BE; & b g, B4 F LRGSR L BT T50, —H =) vhboh 5 a—n
FRE, EEEE o BERHRINL CO KPR D EFET 2880, ERCBIEL T 5,
IhBOEBIHARIIC LR TH D, REIGRICEITD 4 b+ o Aol 2 5 14bd BF:H
o X - Tt S b LisERc & 5 (Fig. 2-35 1),

Table 2-23 s L O Fig. 2-52 W RIGCRT5 7 = 7 — A OBEAYRYT, /7747 210
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Table 2-23 Reaction of guaiacol with P-BF; reagents at 160 °C for 30 min.
Sample Reaction condition (mole ratio} Unreacted guaiacol
(g BF;/Sample Phenol/Sample (g {(mole/mole)
0.3975 2.5 40 0.0363 0.0913
0.4056 ” 9 0.2153 0.5308
0.4039 ” 7 0.2499 0.6187
0.3972 4 6 0.2584 0.6506
(.3938 ” 5 0.2941 0.7468
F ALERE S, W7 = 2 =0l Lok
- . 1.0
ECETLCV S, Zhe, BFoEEER K
Lo T b VRO LT 7 = 7/ =tk Tyl
o
KRHEDBERT = b BREMT 5 RS 5
Cleote iR, HHUBHET =8 v (Fig.2-50 Z0.6F {
o
B FOWEMEIC L - T A b BED .50 . !
5 0.4 A
B =5 A F - DEDLRI D LI LD LTS ¢ \
e \
b, g0.21 \
42 ¥ & » S fo
N oLt ) 1 1 144 {a]
PlhoBEHRLy, 7=/ —ndl, BEatifsk 5 6 7 8 9 40

O 4 = b BISmFh & BFa2 it & L
TS L TwB o ehlibhbirsiz, £LTC,
IHBORBRSE AR To BFROEE TR
RICEFTT DL, USRICHFET 5 K34 Ol
BREAE T R 50, RIGKBEL Ty =/ —
AAGIZRE S R X ORI 0 BUSRIE $ h

Phenol/Sample(mole ratio)

Fig. 2-52 Effect of the amount of phenol
on the demethylation of metho-
xyl group(model compound :

guaiacol).

Reaction condition :
BF,/Sample (mole ratio) ; 2.5
React. temp. ; 160 C
React. time ; 30 min.
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W BT b,
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(1) V7 =vEFilbel

ARV R Y AT B LA Y A A S =ik, W CGE B T EEKKEL) A F 7
(2) P-BFH#ic k% = 5 LGP o NHE 5 X 4R o B 5

W0mIBHFAT v IABHHEITmBEAF v v 2Bl i v ag — 2 L =Y, =528
L O P-BFEE (BFsh D\ (37 = 7 — AR 2 b S w733 wB AL, FiEss:cRIG
T -1,

BOCH O MR 3 S OERM O Wi 463, 1.2.2 @EFEECH B, 7ok, 0PI Esds o
thpre Vedo v X 75 e VM,

(3)  BUSHBIIK D E i

1.2.2 (3) & RRRIZTT - 7o

@) 7 = = YRGS R T o B
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BF i3 & 10 40°C, 1 ISHQIEY 5, Bl 4 CAIE, bBREYERE, PR SmDo =5 / —
e I 2 AR T B B WS IRAR,  E R RIS S0mIB IR A FIMAS B U, 30°C, ET T4
W2~ 3mlE CRMHE, JOBRIOKEM AL T 5, W 5 AR B0 T 4800 4 B,
LB REL, BOKBEOREMZFREOBIEXTT 5, BIET Kk E2HEEL, =5 A%k
Wetk, HERLY v ECRERERT 5,

B2E U CFAEBEMIIBITS 3RS
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Fig. 2-53 Possible products from hardwood lignin by the treatment with P-BF,
reagent,
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RIER Y 7 = v o e, KAEERCOMUBICL - C o7 A7 oA BENILZ TA7 a2 —Ak L

Uh o a—n Rt 5 LR, o) vEFABEOFEZ T e — -] ,3-0 4 F N m—F

AELUTHEEL, Tzl b3, ¥riim —-l-4A g bm—F i LR m e — sl
LM ENG L AT R A (Fig 2-53),

1 #HRBIUEE

VU FRAL B D S EREEE O B AR D o,

EFAALEE LT Y AT

Table 2-24 Reaction of syringaldehyde with standard P-BF; reagent.

Sample React. temp. React. time Formed pyrogallol-1,3-dimethyl ether
(&) G (min) (& (%)
0.1992 40 15 0.0548 27.51
0.1935 ” 30 0.0812 41.96
0.2010 ” 60 0.1078 53.63
0.2002 ” 90 0.1211 60.49
0.2007 ” 120 0.1315 65.52
0.1996 50 20 0.0926 46.39
0.1997 ” 40 0.1124 56.28
0.1997 w 60 0.1242 62.19
0.2025 ” 90 0.1371 67.70
0.2000 60 20 0.1081 54.05
0.1984 " 40 0.1268 63.91
0.2011 ” 60 0.1360 67.63
0.2009 ” 80 0.1428 71.08
7o FaEERIRC L 0, 40~60Cm 2
153
L #-(Table 2-24 35 & ¢ Fig. 2-54), ;31 .
g 1.0
LUBR B s, B L o v T
) b 60 T
R Rl 3-0 AFm T Py el 50 C 40°C
>y
WAL, vV v F AR s) §
BHEELL /T AT o A RE L AR 3OOT
UG T7 = 7 — L L3I D, <
= 0.4}
bbhbhA, TOL5HETRITT = ES
S
Sl £ BT 7w =2 2 v HlE B
@
RSB ETAN, vV vy H7LFe 5
) . N - 0 1 | i 1 1 {
N A RS T 40°C, 105 5 &, 0 20 40 60 80 100 120

0.9960 (= /2 N) DKBERTDH 2
L, 7= s - MALEIS S BOCE
SET LT B,

Reaction time(min)

Fig. 2-54 Phenyl nucleus formed from syringalde-
hyde by the treatment with standard P
~BF; reagent.
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i Table 2-25 2% O EER S & 05
Z 50°C

T 40°C b 2N F —RIRG, D VHTAF
E FBLOARN =Y D7 2 s -l
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Fig. 2-55 Second-order plots for the formation ABEZ R & - 4 v O LRI

of phenyl nucleus from syringaldehyde. B F BT DS S ) Y AT AT

Table 2-25 Rate constants and activation energies for the formation of phenyl

nucleus.
Model compound Rate constant at 40 °C Activation energy

(mole « mole™ « min™) (keal)

Syringaldehyde 2.78%X107° 7.63

Vanillin 1.49%107 15.43

Veratraldehyde 1.86x107° -

Apocynol 7.06%107" 8.19

w-(2~Methoxy phenoxy) 3.58% 102 _

apocynol-4~methyl ether

e VOMERRD S =V v O1/SOMER TR, AN OB FEHE I X > TR
A ERERT S

7m/~»%mﬁﬁﬁ HEEEENE LG A Lin k), BSSEREERACELE LTS T
ERBIE 2RI VA TliNt, 22T, 7747 v BB L0Y ) v FABRKBRECHT 5
BE, OB OMS R BT 5 L, v ) v FABTRLOWY 1 FICHEET DA v F—70 4 b &
AT L D EEEEY S A D, MRS T A T oAV LRETCAHAD I ENTEIND -
T, BB TS 2 ) v FABoEEM 7 747 oI o v ki, fEREL
TR CRAIHE BV E U b B2 D, BHE, » Vv h7 A5 e FOREERE, 7=/ -1
HKEEE D = —F LSRR VA ATAF e Fh B @ Q-4 bF v 722 F0)7 #y
w~%¢x¢wm~%w@%h&ﬁwtfv&°Vm/ww@mwﬁmwﬁmﬁﬁﬁéﬁ%é
Wik C-CHEDOIABEEC L), KBE~OREOBENIHE S HHEL MR E T L I8
hTEby, Hlad, e Wﬁ?%?vw&@7x/ww%m%ﬁm%m%ﬂib%vm%%ﬁb
Ty 1A
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Table 2-26 Reaction of pyrogallol-1,3-dimethyl ether with standard P-BF; reagent.
Product
Unreacted pyrogallol- allol-T-
Sample React. temp. React. time 1,3~dim:th51yet1%er gé’}"eorg‘*“m 1-methyl Pyrogallol
() (2) (3) (1)-4+(2)4+(3)
(g) (&0 (min) (g)  (mole/mole} (g) (mole/mole) (g) (mole/mole)
0.4002 90 40 0.3576  0.8936  0.0368 0.1012 - 0.9948
0.,4013 ” 80 0.3259  0.8121 0.0662  0.1815 - 0.9936
0.4009 ” 120 0.2812  0.7014 0.1078  0.2958 0.9972
0.4008 ” 180 0.2578  0.6432  0.1239  0.3401 frace 0.9833
0.3995 100 30 0.3464 0.8671 0.0472  0.1300 - 0.9971
0.3999 #” 60 0.3010  0.7527  0.0880  0.2421 {race 0.9948
0.3989 “ 90 0.2569  0.6440  0.1220  0.3365  0.0029  0.0089 0.9894
0.4010 ” 120 0.2143  0.5344 0.1567  0.4299  0.0081 0.0247 0.9890
0.3992 110 20 0.3248  0.8136  0.0654  0.1802 - 0.9938
0.4000 ” 40 0.2586  0.6465  0.1243  0.3419  0.0027  0.0083 0.9967
0.4014 ” 60 0.2067  0.5149  0.1660  0.4550  0.0065  0.0198 0.9897
0.3990 4 80 0.1667  0.4178  0.1968  0.5426  0.0095  0.0291 0.9895
Table 2-27 Reaction of pyrogallol-1-methyl ether with standard P-BF; reagent.
Sample React. temp. React. time %2{%2;?5&51}, rogallol-1- Formed pyrogallol
(1) (2) (1D)+(2)
€3 G (min) (g (mole/mole) (€3] (mole/mole)
0.3985 120 30 0.3595 0.9021 0.0349 0.0973 0.9994
0.3999 ” 60 0.3086 0.7717 0.0720 0.2001 0.9718
0.4013 ” 120 0.2091 0.5211 0.1508 0,4176 0.9387
0.4010 " 180 0.1424 0.3551 (.1966 0.5448 0.8999
0.3986 130 30 0.2990 0.7501 0.0796 0.2219 0.9720
0.3989 ” 60 0.2079 0.5212 0.1507 0.4198 0.9410
0.3991 ” 90 0.1460 (0.3658 0.1993 0.5549 0.9207
0.3956 ” 120 0.1160 0.2932 0.2215 0.6222 0.9154
0.3979 140 20 0.2756 0.6926 0.1008 0.2815 0.9741
0.3989 4 40 0.1693 0.4244 0.1838 0.5120 0.9364
0.4001 4 60 0.1127 0,2817 0.2241 0.6224 0.9041
0.3967 4 80 0.0766 0.1931 0.2509 0.7028 0.8959
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WPCIBTHPRI e e —-l-2Fbm—F A0ENT % (Table 2-26 3 2 O° Fig. 2
=56)e LnL, WbA o ALl B TH D v e i n — ik, FSETF RS R Lo

b7, Table 2-27 & J O Fig. 2-57 i+ <,
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Fig. 2-56 Reaction of pyrogallol-1,3-dimethyl Fig. 2-57 Reaction of pyrogallol - 1 - methyl

ether with standard P-BF, reagent. ether with standard P-BF; reagent.
React. temp. ¢ ~— 90°C, React. temp. : ~—— 120°C,
------ 100°C, — « — 110°C —eee- 130°C, s — 140°C

@ ! pyrogallol-1,3~dimethy] ether A . pyrogallol-1-methyl ether

A . pyrogallol-1-methyl ether m | pyrogallol
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H3CO OCH3 H3CO OH HO H
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OH OH

Fig. 2-58 Formation of pyrogallol from syringy! nucleus.
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Fig. 2-59 Second-order plots for the demethylation of methoxyl group in syringyl nucleus.

Table 2-28 Rate constants and activation energies for the demethylation of methoxyl group.

Rate constant at 130 °C Activation energy
(mole « mole™ » min™*) (kcal)
VU 2
mco)@\mm e on 8.58% 10 24.09
OH H

R -2 .
I-laco/@\on HO}%H 2.33x107* 28.45
H H
P
; ~ocH; ?\OH 8.52x107? 30.55
H

OH

RWTH L, Zhike ) v EFABKOYEE, TOKEBE~D BEORMESEE SRS (p.66) &
B, BT = v L ORI RS 2 Ll SBUSHHETTH D TH B WA F 414k S)o F 22l A
F AL SeTid, 2 o KEEEO VT BEELRTEECH 5 2%, MARBEENY I m—fL Kk
CEALT B E TS, B T T A2 0By, BET = v b s Ew
LEZONRA,

DLEoEERI D, o) vF LRSS TES 27 47 o VB E R, o7 = 2 —adql
BRO7 =/ = L ORISR e &G T TR #iTL, Biozos b+l
W, Z7 AT MBI A X DB A F AL E RS EBWB Lot LinL, £T7A
T NBEDOBE A T NIRRT H B D T 2 ~ A PRFIERTRETHHOIKL, v v F
MG ES T D m om = e RGP 2 RIWEEE & % ZENTFHENI D, ITAT A
BILUOY Y v FABORET HREHY 7 = /bxﬁgfcm‘}"“/“’?%?% SR S BT A, A
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Table 2-29 Reaction of syringaldehyde with standard P-BF; reagent.

Formed pheny] nucleus

React. React. Pyrogallol-1,3-dimethyl  Pyrogallol-1-methyl

Sampie temp. time  ether ether Pyrogallol
)] (2) (3} (1)+(2)4(3)
(g) 0 (min} () (%) (mole/moley (g (%) (mole/mole) (g} (%) (mole/mole}

0.4020 40 60 0.2156 53.63  0.6338 - - 0.6338
0.4018 80 ” 0.3152 78.45  0.9270 0.0069 1.72  0.0223 - 0.9493
0.3979 130 ” 0.1374 34.53  0.4081 0.1268 31.87  06.4143 0.0106 2.66  0.0385 0.8609
0.4023 150 ” 0.0508 12.63  0.1492 0.1396 34.70  0.4511 0.0527 13.10  0.1892 0(.7895
0.4069 180 ” - 0.0244 6.00 0.0780 0.1287 31.63  0.4569 0.5349
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Table 2-30 Treatment of pyrogallol with standard P-BF; reagent.

Sample React. temp. React. time Recovered pyrogallol
1€:9) O (min) () {mole/mole)
0.4023 100 60 0.3842 0.9550
0.4011 110 # 0.3595 0.8963
0.4012 120 ” 0.3386 0.8440
0.4045 130 ” 0.3091 0.7642
0.4007 150 ” 0.2774 0.6923
0.4044 180 4 0.1784 0.4411
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Table 2-31 Reaction of S-aryl ether models with standard P-BF; reagent.
Product
Model compound Sample React. temp. React. time Guaiacol Veratrole
(2 9] (min) (g) (%> (mole/mole) (mole/mole)
0.2013 40 20 0.0440 21.86 0.5323 0.1685
0.2015 ” 40 0.0550 27.30  0.6647 0.3062
0.2001 ” 60 0.0605 30.23  0.7363 ().3882
0.2015 ” 90 0.0679 33.70  0.8207 0.5495
0.1993 50 10 0.0410 20.57  0.5010 0.2328
w-«(szethoxy phenoxy) 0.2008 ” 20 0.0526 26.20 0.6380 0.3302
acetoveratrone 0.2010 4 30 0.0563 28.01 0.6822 0.4562
0.1984 ” 40 0.0615 31.00 0.7549 0.5338
0.2018 60 10 0.0514 25.47  0.6203 0.4142
0.2009 4 20 0.0614 30.56  0.7443 0.6263
0.2009 ” 30 0.0641 31.91 0.7770 0.7265
0.2009 ” 40 0.0698 34.74 0.8461 0.8463
0.1995 40 10 0.0681 34.14 0.8369 0.3180
w-{2-Methoxy phenoxy) 0.2018 ” 20 0.0696 34.49 (.8455 0.4443
apocynol-4-methyl ether 0.2016 ” 40 0.0713 35.37  0.8671 0.6064
0.2007 ” 60 0.0723  36.02 0.8832 0.6487
1.0 r
60t F 40
50 C 000
0.8 70°C
g 0.6 R
[}
£
2
g 0.4 CHy " ooty
“b zg-o0
HCOH
0.2 @;}ocn; Dc“jocug
I I
o i 1 i L i i 1 H 1 i i L I ]
1] 30 60 80 0 30 60

Reaction time{min)

Fig. 2-62 Guaiacol formed from B-aryl ether models by the
treatment with standard P-BF; reagent.
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CRBIL, Brady SIS & - C o= AR AR R RS LTz £ 2 5, KEUSHO A
Hy b DRLDRED BRI 5Tz, BIE, 400C, 050 BT FA1O7 T 47 2 — A

SEET AL, TF AL T40°C, 10



7 iy BMOIE

HzC‘B QCH3
HO: OH e FaBt
G- 23
D

OCH3
Hzc_o_{j)
ne-o{) o
2] BF3 Q |

/

Jj: “ocH3 i “ocHy @
OCH3 OCH3 \ oCHy
o)

010 L g
OCH3

OCH 3
OH

Fig. 2-63 Reaction mechanism of w-(2-methoxy phenoxy)acetoveratrone in the treatment
with P~-BF; reagent.
g, 40T, 10870 af 7 = / — bl SEPL T
Wh, IS E T T O B-O-455E BRI o HR B
P @ (7 = 2 =k TH B ERTFRTLOTH
Lo Tredt, Fig 2-63 o<, F3U8% « (1
7w s =l Eh, T OB L O B-O-4fE &
BAZLSEAT L T T4 L F 2 bh, Wedricss
FHe =T AREEDHBREEL, WU o 7 =
S AR S L REIR T E Do
EFALDHEOS T AT 2 =B (B-O-4f &
DOBIED 1, 2 wRES s &L 7o (Fig. 2-64),
MR B O 4 & LR log fH & 75, Hk
) B-O-4iS BB G2 L ¥ — L LT

Reaction time{min)

Fig. 2-64 Second-order plots for the

formation of guaiacol from 11.71 kcal %% +- (Table 2-32),
w-{(2-methoxy phenoxy)
acetoveratrone.

Table 2-32 Rate constants and activation energy for the cleavage of f-aryl ether linkage.

Model compound React. temp. Rate constant Activation energy
G {mole » mole™ « min™") (kealy
(2-Meth N 40 4.16%107*
w~{2~-Methoxy phenoxy)
acetoveratrone 50 6.90x107* 1.1

60 1.29%x107
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Table 2-33 Reaction of p-ethylphenol with standard P-BF; reagent.

Lo(A Ay — A DFERE

SRR A LA D F AL E LT p T R E AT = )
5055 % DB LTz,

IR EE150°C LUF T,
1 WAL o RS HE D 75 A
, T o-FikE
o~k X

Unreacted p-ethylphenol

Product

o-Ethylphenol

Sample React. temp. React. time

m-Ethylphenol

(1) (2} (1)+(2)

(g Cy (min) (g (mole/mole) (g} {(mole/mole}
0.4010 130 60 0.4035 1.0062 + - 1.0062
0.4010 150 ” 0.4015 1.0012 + -~ 1.0012
0.4066 180 ” 0.3823 0.9402 0.0268 0.0659 + 1.0061
0.3986 180 120 0.3389 0.8502 0.0587 0.1473 + 4 0.9975

Table 2-34 Reaction of p-n-propylphenol with standard P-BF, reagent.
Product
Unreacted p-n-propylphenol  o-n-Propylphenol
Sample React. temp. React. time provpropylp vy p~Ethylphenol

n (2) (M+(2)

(g O (min) (g) (mole/mole} (g) (mole/mole)
0.3987 130 60 0.3963 (.9940 - - 0.9940
0.4055 150 ” 0.4024 (.9924 + - .9924
0.4041 180 ” 0.3930 0.9725 0.0109 0.0270 + (.9995
0.4029 180 120 0.3803 0.9439 0.0195 0.0484 + 0.9923
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Fig. 2-66 1,2-Shift mechanism of isomerization of diethylbenzene.
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U PERT A ERTIHL, AT -2 F = v ORS0% ST TR DL L L, &
FCwn, AR o v NMR w X 558434 <, Ludwig &'%32 74 — 2 MWL o8}
&, FOL%~50%B AT THH L L, T Lenz®®$43%~45% &\ fHATRL TV 5, h
Bidothd 7 b Y 2= iy MWL SRR CHE LD, BB LU 7 0h VAB SRy 7=
VIR LTLHESRTED, 257 ) 7= v Crikd8%, BB s hoo £y v
V7 TR DA BT H B,

HATEAD S bEER L U7 40 VARG L D IR S e b o, KIS BEEEA O WS o 67

EOFEETHY, THOEEEETRTERS 7 = =4 2 2 VEEETH B D FEB OB
WA B IIIFE G, o, BEOOTHMBIL /DN, 722023 v TREERS

B-5 B RLUY 7 = = VRS R T A5-50K A TH 5

= A, m%@%muwﬁﬁwékUﬁZQ%ﬁ%bh*L AH5, ChLOFERERGIER
Pl (P B Y 7= v T70.015~0.025/Co%, A S — 2B Y 2= v 0.025~0.03/C%), E 7
REFGRC BT 52800, -5 TS LR L2 LES

3.1 A-5WEHEORIE

B-5 AR AT L7 = = A7 =5 v, MWL duyzi0.10/Co B4 505, 795 7 b Y
72y TP <0.03/C%Th b, Lvl, 2797 I a2yl s e b Y 2 v iIcH
LA AT A~ v BREED0 07/CO¥TFAEL Tk b, ThiTEi LTy ==ny <5 vk
Bt B EELOND D, HE A-5AAINSERERET B C Lt b,
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AV CTRELESL I EXBLI L, 0T, Y7 = s 2 VRRE L D MRE = R
WX =BT LTHHOD, 2MEOTFEENY 7 2= x s VHIEREL TV 57 = =00 =
7 VEMIET, -5 BGOSR s AT A - b T EE RS,

LT, 72l SV EFALLTCTF e FadAd vdds i BEL, KRR
o B-5 BE SRR o TR A R L 2,

3.1.1 #58ds U E?
BHEMEE A I CACTRIE L 7B, Te Vel A vadar s/ —an &
6E$#ﬁ%%%”%@¢747““”%$%?6c&mﬂlﬁ&Lﬁ?Hﬂ%m

ATze IR T ATRE BB 1+ 0 5 BB X CRIDBHZLC L - %ﬁm OCH3
T ABHEHEL b O TH B, ALY = = AHEEOBIRE O
H5BEED Csfit C-C §54 CRIAIRBIZI N VE U811, BEYHET 5 qibw3

BEORIGGHERLI vFd a4y s —n L~ L, BEBELZ 7147 39—
Nl UTHEET A L E L SRS, Cleavage sites of
dehydrodiisoeugenol

o, BRHERIE, 80~180C &M Tk ITsF e Frod vad Ay
/= A DRIEHRBE L & & A(Table 2-35), 80°C iz 7B & S e A O ERAERT 5
I, £ RHTAAIRIRE A S L TNl 180°C TSN D 2 5w A DHEIR LT, &
DHEIUL, ¥ 7 = = = 2 VBT b 100CHIED SRAREIEIME U le 2 L 2RTH D Th b,

LT, YTV ms AR Y, U7 e mAm s VR L OISR A A L Ao BT o0 B RS
B g+ 5 &,

HO—@»cnz-@-oa > Ho—@-—CHz‘-—CHz——@-OH > c—c __c_@_on
THh, BIAREMEY 4 v OBEOFTNE—F L T b, Zhil, »F4voRECE -
TC-CHEBRM =2 F - BT 205 2 EXBRLICANEOEHE X WL TV55, K
BiRORZAME, BCROFRCL » CThERHIh D,

PR BRI 2B T D 7 =/ — ALEBSREETH D, 7= s —fbic k 5T A
VAAY S =TI 7 e 2 AR BLUYC 7 a2 bx 2 VHEED, Eiod A~ Ty
Ta a2 Z Y BLOYT 22T w S VHEENMR A NS L E 2 b s (Fig 2-6T)\ %, 2D
7w S = AR IEL <, LObBRIREE Y ) F 4 v ORERC LR EN LD TH D7 b,
T xaATm S VR LS Y A = A O ERAERE, A1 -
IO LW BRI ES S LS D,

Table 2-36 1o 7RTHEHERIRIC X BRERA 25 &, FTHERIML, 1 VA A5 7 —Ainb LY
%  DFBERERHHEHEL T\ 525, 180°C THIBASHIEE 2 e Tl <, W h & RISz seks L
fofedd, RO BEEERET S HEAME AT »72 & 2 5 (Table 2-37 4 X U Fig. 2-68),
BB OB B A BB R I B B, A VA F ) — A DHFEEN L DR
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Fig. 2-67 Reactions of isoeugenol and eugenol with

phenol.
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Fig. 2-68 Pheny! nuclei formed from isoeugenol and eugenol by
the treatment with P-BF; reagent [BF,;/sample (mole
ratio) : 0.9) at 180°C.
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3.2 5-5Mis A o KIE

Vo= s 5S-SR R T A K T = 2 AREESTEAET S 2 L A WD TRE L LoDk Pew™
THY, WirA S —Affh = b e v VLS S Lin kD, B2.2% BT e K ey
SN v AMEL S, D oOBESOFEERE A2 S A3 <, Aulin-Erdtman®® Aei i
it o ATA—2A BNL €#0.06/Cok L, Fi: Pew™ ™y UV 2~z b aAhfluas -2
MWL iz 3490, 25/Coff e % L HER L T B, B bR & 30 U 7ol < ok, Miksche
SIS0 1y p kY 2= v 0. 045/Ce, A T — AKE Y 2 = v 70.095~0.11/Co & U 5 fH AR
EXART VS, Tihbh, €7 z=aflny 7= v dBBegml Cubimd bbb
P, OB ) DB BR DD, V2= i 0. 1~0.2/CAFHET H 2 LB B D
THY, V7= HERRAME— DB ERMEE R AT 5 Y7 = 2 AHEORETIY, FHEROER
DF O AT B, FEBICHTC S Bk H 5 L5 cBbhs,

Table 2-37 Reaction of isoeugenol and eugenol with P-BF; reagent.

Model compound Sample BF,/Sample React. temp. React. time
(g (mole ratio) [§®) (min)
0.4001 0.9 180 30
0.4014 ” ” 60
Isoeugenol
0.3998 ” " 120
0.4000 ” ” 150
0.3963 ” ” 30
0.3985 ” ” 60
Eugenol
0.3986 ” ” 180
0.3957 ” ” 240
Formed phenyl nucleus
Guaiacol Catechol
n (2) (1+(2)
() (%) {(mole/mole) €29] (%> (mole/mole)
0.1669 41.71 0.5518 0.1189 29.72 0.4432 (.9950
0.0948 23.62 0.3124 0.1838 45.79 0.6828 0.9952
Isoeugenol
0.0452 11.31 0.1495 0.2263 56.60 0.8441 0.9936
0.0360 9.00 0.1190 0.2350 58.75 0.8761 0.9951
0.0590 14.89 0.1969 0.0590 14.89 0.2220 0.4189
- 0.0420 10.54 0.1394 0.1208 30.31 0.4520 0.5914
Eugenol
0.0106 2.66 0.0352 0.2190 54.94 0.8193 0.8545

0.0078 1.97 0.0261 0.2303 58.20 0.8679 0.8940
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Fig. 2-69 Gas chromatograms of reaction solutions in
the treatment of 2,2-dihydroxydipheny! with
standard P-BF; reagent at various tempera-
tures for 60 min.

I : 2,2-dihydroxydiphenyl, 11 . dibenzofuran.

QL — T -

Fig. 2-70 Reaction of 2,2-dihydroxydipheny! with P-BF; reagent.

Table 2-38 Reaction of 2,2~dihydroxydiphenyl with standard P-BF, reagent.

Unreacted 2,2-dihydroxy- Formed dibenzofuran

Sample React, temp. React. time diphenyl

n (2} (1)+12)

() e (min) €3} {mole/mole) () (mole/mole)

0.3951 130 60 0.3600 0.9112 0.0231 0.0647 0.9759
0.4022 150 ” 0.2795 0.6949 0.0973 0.2678 0.9627
0.4077 180 30 0.1589 0.3897 .2050 0.5567 0.9464
0.4030 ” 60 0.0767 0.1903 0.2749 0.7552 (.9455

0.3988 ” 120 0.0155 0.0389 0.3169 0.8758 0.9187
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S, ABDEEET 5 L C-114s L O'C-VIAER S 5 (STEP 2), # L€ C-VllA 513100°C
PLECC-IXn R & h, R B+ %5 (STEP 3), —7%, C-X-Ti100CHU T TAB®
HERES , C-XIDBE ah s (STEP2), L CHiz, 100CH ED&HT©, B T
L LI C-IXB LUC- VORI h 5, HREEOERILE, koM< ELLRSE, C-VIL LT
C-XuavaAs s —-noflly, ThFh0s5sr/erThb, iz, C-VIL v EERTS
C-Uxs LU C-Wl, C-XimbAEWTAHC-XIbEhTh0.5xA/xAbinh, ¥1z, C-X1k b
WA % C-INL0.55 /2 ThoHa, C-IXiiC-Vlk C-XIDWHmbERT 5l 0Er/x
nEBEIRS,
ZTCA YAy s —=nogf, C-UDAD B BREF VAU EMTVE BRELT

T/ =l =T R AT e = DB R, Floohe, C-IVo CHEFTOBIRI s
WChHERTH DL, —F, DEFCH=FA7 2/ Nt vy —n EfEFCH7 =/ —Ak
AV TRENT =) = APERTHE L1leh, bbAA, =FA7 2/ —n4d, Pl EC-IVD
DEF DAL BT, C-IIDADH D L BEFTOZ L v REOBREESRABICE L 251 b 4
WA %05 BIEICE T H/REND, 7% A 80— 2 0\ B 5 RS ER LB 5,

FLT, TRBTAFAT = — A ERE EFig. 2-71 225 Fig. 2-73 1©5R L 1o o ko Eiss
(C-II, C-IV, C-VIB X UC-IX) &M+ 5 Lok » T, BHNTIED L PERECE
TATLFEICEOHEE L BTz, DT, &€ F A28 5180C, 305 THOTAELT = / — i
S Ak L CEBRYED S

C-Iekit % AD 5\ ik BEIOBEIC T, BEEBLTT7 £y s — 680,270
EASEADEFNT 2 ) — SRR A (Table 2-42), BUHRAYEAT S &, Fhih
C-Mmw L0135 /e n ki H(HEEARLUBREM& Ll S35 o), #-T, C-IVi
By L CHEAOBMZLL, n-7 w7 = 2~ Bl (0,206 0/€0), C-ILAR LU BHE
DEEC X HBEHERS LOC-1I, C-IVoERItxHmL T, C-IV¥n,

(0.206—0,1350 X 2 =0.142 = /= L

L, C-IVDEFOBE, =907 =/ —ARNIOBEIC L > ToORET S 120, C-IVic
L0 464E N/ EATH D, i, C-IVEMEIIEA v 7R &7 = 2 — AEEE LD S
Hleudowd, L AEBR LU v b w

AA TS =BT A C-IVEMEB ORI v A Yy —ndh ERAEETHE DD, C-VI
DEE, FEIOCIEHMOBAIL ~ 77 2/ ~ABL0n-7r L7/ —A, Gt UHH
%fmﬁVfwwxiﬁm%wvx/~»®$&%%m$MéoFm&@l@%m%@m,Lﬁ
A, n-7 e e =/ — il C-IVa S0 BERE s L 0C-IV, C-VIDER Y&, C-VI
st LR R E R,

0.210—0.142X0.43
0.40% 2

= (.186 €/ /E 1
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LR END, —H, =FA 7 = = ARG C-IV s B O BERE,
0.464x0.415=0.193 = /=1

(C-IVB LU C-VIOERIESE LV L3 5)

BEFEEPL TR Y, 2 C-VIoGH L CHBEF O s LA SE U2 2 E%RT 5,
Fu e vdadsr, —riiBilsREBREC-U, C-IXsXUC-IVDo 5L, C-1I, C-IV
ZDATUEA Y A A 7 = b T ORISR~ THh D Icd, ZOWMENLDO=F AT =/ =1
BIU n-7e ey =~ VHEERE G, FEERECHLLIRER0.232 500,206 /%
Lkteh, o, EEON-YeEALT 2 s RS (0153 /e ) i FERERE L 0 H

f\"

Table 2-42 Ethylphenol formed from model compounds by the treatment with standard P-BF,

reagent.
Model compound React. temp. React. time Ethylphenol
G (min) %) (mole/mole)
Acetoguaiacone 180 30 +
Apocynol ” ” 19.61 0.2697
w~{2-Methoxy phenoxy) ” ” +

apocynol~4~methyl ether

OCH3

CH3

]
HCOH CH2

OCH
H } OH

OCH3

e~ )
HCOH %0&%, <z%ocm
R

OCH3
OCH3

Fig. 2-74 Formation of ethylphenol from acetoguaiacone, apocynol
and w-(2-methoxy phenoxy) apocynol-4-methyl! ether.
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Table 2-43 Cleavage ratios of various types of C-C linkages.

Structure Cleavage site Cleavage ratio
(mole/mole)

A 0.135

B
@ B 0.135

e Ve O3

C
|c C 0.142
SO
D
c D 0.464
E
@ E none
OH
F
G —Ct—i <Z> o8 F 0.186
[
Hop G none
C
! H none
I 0.186
OB
C

1] K 0.337
c#@-os

Ko
c@—on Jand L

M
or none
Jand M

Pand N
(o
PIN or
so@c@—oa P and O none
0 or
N and O

0353
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Tl ZAuRA A v A Ay s A B L C-1 s L O C-IVIGE TR DB E T 5 1o L&
o Etez 0HREY, C-IXbn-7a Ay e/ —AdNEEASERL Tisno &L,
2B OEOREFHA (J B IOULERSH ] B IOMBID Uzt AEE L Ev 2
Lo LEtem T = s~ VR L REO AR L 0K,

0.569—0.232=0.337 v /x 1
i, C-IX 9 2 KT o BRZL L A 7R

Table 2-42 w7 Hv /) —n, TR ITAT7TavELY 0-2-4 FFo 7z /o) 7 Hy
S ol A F e F D F N T w ) = VR R TRT, T AR S~ S L, TR b
F747avEBLIY @0-(2-2 FF v 72/ F )T HEY S =g R F =T b O R
WA TH L0, Zhil 2 @oRaoRHEME AL CEG - SwdoS\uTk D, £ 8-7 Y —
N T R A OB, BRI Y = s — A DMER T B D R BHEIC T 5 L 0
Th b (Fig. 2-74),

PAE#ZG U oM« of G0 bAZIL % Table 2-43 #8545

A, B, C, F, [{EFio&ELLY, &@m%@%k,ﬁmb%%ﬁw Yk 5 o v DEE
OB & FEEOTRHEHE L 2T b 2 L BEEINL, Zhdh FF v OREN -
HRIBS (R b B AU & & CHIBMCH B, $i2, ¥ 7 = = mz vREEOPORER O
fifuk, TOREHOS L TR TBMEL LT VY, Y7 a7 e sviiEcnr

HIBELIIE L A EE U TV,

Table 2-44 1\ AL &k & A4 o> para/ortho (p/o) k& DBIRA RS, 180°C, 3045 DA
WAL O p-Fete s o-SMEEOR 2 FBERFEL TEKD, 7=/ — 1D o-fih p-f1o 2
EHAETDZ L RFRT B &, PPk o- O AFEOREYETH 2 Ll b, 7o, p/olk
v, R RUGEE & e AR AR s, Shud, 1R .2 TR <, BUGEER Iz B

Table 2-44 Relation between para/ortho ratios of products and reaction conditions with standard
P-BF; reagent.

Model compound React. temp.  React. time para/ortho ratio
(4] {min) ethylphenol n-propyiphenol
180 20 2.77 2.17
Isoeugenol
” 30 2.20 2.52
” 20 2.63 2.00
” 30 2.26 1.84
Eugenol
7 40 2,01 1.75
” 60 1.76 1.61
” 30 2.04 1.86
Dehydrodiisoeugenol ” 60 1.67 2.00
” 90 1.48 1.74
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T p-BAEARDS o- SR X D BEMCEE TR IS 12D TH D,

B BT vF 7 =) — AHOMER X OO0, Mk T5 7 =/ - R LU
ORI X - THE X R, wh«&AO%’Moéi“é‘ﬁﬂﬁf%ﬁ% iR L T B D R nde B,
V7 e LRSS 1oL LCAIEHALY B L E 2D,

9 4

(1) v 7 =veFirlthy

AVHAY 7 =, FAY ) —=ABLOT 7747 370, W CEBLE T2EKKE)
AT,

THY SN, @ (PA P F T 2 PR V)T EY S NG A F A - TF AR LT e Fe
AV A AN 7=k, H1EL2.2 MERBaRL 2,

(2) HEERIRC X B = T ALEY O NER s X O AR o E R

53 4(2) & FFRIST » 72,

BHE i

V7 =i b IHEFERE I 5 D IMIEEL S < RDIEV» $ p A AR BET L8 LT
ELT, BRBLU7 =/ ~AvOFETICE TS Y 7= v ORRRIG A R4 T,

AikoOFH L, C-CHAEDMBICIERTh R T & il - BITF 2 G, B EIE % H
BLlcgieh b, Ticbhb, V7=Vl a i 07 =/ -0l A L b W8-S EMES
DB = A v F — KT 38, 2 OMRFERBEROB BB ORICHETELDDHZ Linl »C,
V7= BFEREBERTIEMTC7 = 7~ L, S sb0Thy, Filis a1z
Lo TIRMENC A 7 = 7 — A~ EFEET D2 LR AIRL TV 5,

AERTW, BB Y 7= v e 7A@ i b, %7 =/ — A ARcBi 54 5 3 BE
IGOBIER UIHELT 5 L3, fEx DY 7 = VRSB OZEEIC > T b BEBE AT,

BONIBREYBERT D koW ThH 5L,

1 Bl = 7 — A AR B54 5 3 BRI

1.1 v = 7 —idk

7w /= LRSS BRI B 5% I 2 SR, SUG i, R S hC g v o T e —
NEBLURY oz~ FADdirhd, hAfandl Hafs ol ) OB EiES LB
H3H o EnfEShic, T LT, ZhbBWTFRAARRIERCE G TREERINC? = 7 -2
LEhso L &HMERL 2.

NYAT AR =L, R Am =T AR L URETEEAD 7 = s — AL B T T
BAHD, WF =B LU A Er v BRI O S TS BE X h, §l2740°C, 10
GOERMETIE, A=Y vIBIBRIET B0 L 0 (24 FEF v 7 a2 7 F)T LS fay
DFUGERIFIL/ 248, F77 2 b 77 A7 2 v CBFER N R IS S B S bz, 5 -
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T, Y 7 =vdhn 7 = ) —ALERES v O T A B L e - T LS RTG D
W, AAE=AED Y = s = AL HERT U G CRIERM T T e iod b B L B R
too Fie, 7w = ALICHE S ERUKE BEORIES 2 ET S8 570, RUISICITHE LE
THHBLE, Fio7 =/ — AKEBIED > —F b2 7 = 7/ —~ AR B8Rk LTS i
EbRE NI,

1.2 7=/ —nbtOEER

T s = L DD 7 e 2 A R BRI B S I AEERCT, T e -k
DREAWBET BRI R, 7 = 2 = HLRIE L BE&SET TESeH 0T OB FE-RS BT 5 &
AR, Ei, MIS-AERER G ORAMUN, SH SRS EAEET G LIS
pIES o B N

FEWEEEORE 1, BRPRHE S 4 v O REMRF LR ENDDOHIELTY, 7=/ -0
@m@&mk@%évm%@m~%wmmxof%k%<%T%é:&%%oto
FERLDSOERY E LT, A=) YORIGHED G p- vV — VB BB, REL, $h=
AT =i, 4 d-C e P rF e 7 a s A RV RLGFDF v AT FHBEOER
R LU, ZhBVWTFRE 7 =/ - ABOLL BRI (s ), itk sHR
BAERR IEERNTHLEZADS, FEFEBOTEH LY = 7/ — A L OB L 5 LG
Bl o, BAPBRICETE 7 = 7 — Ao RIS6EW, 20 p-fid oLk D bBET 52 &
¥t PRI ARY oD T N L h R AR S N A 2 L ATRB S s,

1.3 4 b F ol 521k

FTATABLOY Y v EAEA F VBN A F AR ERT S L, B-RIE
RIZBEFEY 7 = bDSMi = / — VAERORRE B RN 2 1,

TT AT ARERI00CTHEAL 2 B4 T b E ke, MR B B e & BRI
T =N EER R R, T, YY) v FABOR A T ALy T 4T v AR LD (KR CBRIA
ThHLoo, €rie -V ERRROMBRIIGTH D, 100CLEDOEHET T, drie —

s s
H3CO . CH3 H3CO OH Ho/©\on

Q OH OH

»@~%ﬁﬁﬁﬁmsﬁgmﬁéhéu&m%%#&momo

Ak MDA F AL 2 YGEERIC AR Lo 77 A7 Y AR LUV Y Y F LS, Sz
B 5130°C TOMEER L, FhFNE.52X107, 8.58%107% 2.33x107*(mole-mole™*+min™")
THY, FFOEM L= F ¥ - L LT, FRFN30.55 24.09, 28.45kcal ##iz, 774
Tl v ) v FABOR A 5 AR, 7 = s = KR~ 0 BE O ELAL o0 BE5 1nk
ST S e,

MBI, A b E o A RBEETF~0 BROEAIZL - T O-Me HofEar55obh, 4
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LR AFANAE= Y AL F VT = ) =1 D 1 BFOREWBIR AT 5 2 512 ) - CHRFAL,
BFiafillft & L C o2 SUSICBIY LTV % 2 &3 b & 0o 1,

7w )M RICE T T w2 0k 8 AT LD % F AL DB 7 = —
ERBUCEBT LR, 77147 v e FaoBa, WBEEE180C ©o W Fik o Wi 1 e 5 iy
THY, AT W ERORERE A P A ROBA T AL H D LIRS ey, —TJ
YV YHELEF AT, B0CUTCRTONERAGMT 6 b oo, BBRES LR L) ve
How = ERUNERALT B &, HERIE RS Lz, €50, APEOERT S 3 BK
Bt ARERTOM—MIE L -T, $5EH ) 7 = v 0B a, A BRI RS o ke <
ERENCHET S 0B 5205, RS Y 7 = v THRKERD TH S 0 7 e — L0 2 RIVEE YA
Fhlm, EOHERINEY B & %8, WIIRIES FIG 4P WEC LR LB TH b,
1.4 FIGEELETE7 o bh v ER LU = 2 — A D

HRIGIC I % BFaB L U7 = 7 — v 80 ZWIREL L, T WIE 7o D MRt B s 1o 8 e
PR A8 5 70, TR ENOTRME 28« AL S8 1ot F oo RS2 HE L7558, By
BBIUEO LT RIC MBS LTI LTUB 2k, $57 2/ Ak 7w 0S8k LT
< OB, BUGHEB L U CEBEARH ) AU TV 50 L8 B 2 E -1,
HERIGT S VBT o BROBETHR L CHEFT 5D, B—UBToSili7 = / -
Ak, 7w/ = B RUK S X O 0 b BUSRICE £ R 5 KICBIE L, HO/BF: (24 )< 1
KRET DL EDRBETH D, $72, 7 = / = AHRMBE B I 2 &, REOBMILE T L -
TH— 1 BICHET R 7 5 7500 C e <, BEsOIEBIES i & 0 B3Rl 115w S b b
DO OBALD B\ A T AEREOE TR bl X2 Licieh e, RIGOBIS
HEBEBERED 7 =/ —ABREINT S L BSETH B,

2 Haony 7= R0 25E)

HEOHIC K IS L ETREREES L0 -7 ) — = — 7 SR ORB A
AL, BBy = 2 — A AUEEE AR LV BAL O KIIzo T 4 #5872,

2.0 BT == A O R

ETAMEWEL T 0@ A b H Y7 2 /)T XN RT PR Y B LT 02 A b FY T
S F)T R S = hdmp F R =T R L, KRS B F oS AR L kR
e 5 A3k, ABEEEAC T Cin~5 b om — AR LBlA 77 4 7 2 — A AR AT B
1, -7 ) —m = FAEEE 7 = 2 — Al X UMEAREL L R T e e i BB B
ZEBMB Lot MEFAMCEITEH T =/ — LSS L0774 7 3 — A BRI
Bc L0, FOMAEIE @ o EEEC PSSR, ST @ 7 - - Ak, B
EU BT ) = v - 5 AR L TR B © L SRS N,

B-7 Y —nx =5 A ORBE 2 KEERICERL, ToFEME=3 ¥ LTI11.71
keal %157z,
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2.2 g7 = — A ALIEERA O L o B o G

EFAMEMELTC p-eF AT e /= BLY p-n-T B AT = /- EBEL, KEEHR
s D BB A BE L, Wie 7S AR EE180°C R T3, USSR BUGH 3 & R i
EUR S htes, 180C, 605 DGMHT p-=F A7 = / = A bE D o-5ME (6.6€1%) B4
CHESF O m-RBBESABE SR, ¥ n-T e AT e s —Anbil o-FBE Q7Y% B

LU TR LD pemF L7 = ) —ADHERS B SR, chboRl{s, — B
EMEES AV L, U er 74 VIRIGRPD 7 = 7 — ST 50 FHESEMLT b b
Bt kB EE i bhis,

W B Ty 7 = = A 2 VBB COBASREIE 975 & Lk, AR Ei
mhtolEEShs s ETHY, FEMERLY, B EEToY 7= vEEREBALIC B TSR
BUEHHE U A Z EATREES i,

2.3 fEABBALO UG

fElEa0 s, LB 5 - 58K XU 5-58ER0EHc> T, Thth=
FribEe LCFe F a4 a4y 7 —ABLUf2,2-Ce Ve o e =iy, HE
T,

B-5 gL A O BZL100°C DL EOTRE LM T iR L, 180°C CHAAEREE I Lo 5T ¥
LT EPRAS LI st B BERE T hEY Y s s v g viliETHR D, COREIC
BRI T D Lk p-=F A7 = 7 = L EFORRH LG TFMENL L TH D,

—J3, 5-5TUAE G (RTIBE Ao G b T T— A LBHEL 3 % FTAEM: &R St 03, S &S
BB L TR TRETH Y, &7 = = VB CRBHEKBEROBKC X 5 7 7 vEBRIZR S,
BLAEFUGTHD = L kfl- 1,

3 fgHo bRz

KEERIZE T D C-C#HE&oRig{LBiZ o it 2t fo, 150 CRMORE &EHT©
W, BUBHCHA s L UMR 4 Al L A4 D € 7 = — g LA ERD biieh - i

2, MHEREI80C T, A VA A /=, d A ) A BIUFe VoA vt Ay~
FIEWE S, Wi Rl s LT 0=, p-xF A7 2/ —/, 0~ PM-TBELT = /)~
NEBELIUA Y TR EN7 2/ — M S,

TAFAT = s - AR L OIS o B X b, S-S BB & o R LBHE
v, BB O KT b bR SRR o O RERDOET ik U e b D bR
HWote, 2, ©7 ===z VEEEORORBBOHE T, 2TORERD S LTk L REL
BRZLL vz &, F, 1 Oo0BEMICEET 5 2 M Lo ERo RS, el A S8
Z R Y R SO

TEAT S = ALETD 0k SO p-BM R AL S, 7 s 2 D pfild o1
dEDRIEHEHTH 2 LR 2 i,
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PLEDFEERI Y, V7= vnbDBili7 = 7 — Ao B LA S+ 5 3 BRIE,
B&%iﬁ7m/w»%mvkxﬁm%mﬁvf,mfh%%%i<ﬁﬁ¢%:kﬁ%%#&
e sto, Fiho, BSBEIREY 7 == 2 ‘/ﬁ%"tiﬁf‘im[@ﬁéﬂh@ﬂ GHEd i & 7 & A v D BN

L0 L ORGSR D0, BN S COMB- S ERE S TR TH DD, HE LY
=NBALUADFER L TE /< — L LCHEHLES - aﬁi”—?ﬂ%éhm UL, Wik 7 ii B
GUHTTRY Y vFABIES Y e -0 2 INEE L, ¥ RIS LT
C-CRBOREIBIM LR D, RIBHEHFORECIIER L g by,
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BL1E )= 0dREs

1 #¥8) v oRn

EFAERL O, HIEBY 7 = v b OSERWII0CLTOEMECr 747 2 -0, F bk
THA T 2 = AnE e s EHEE SR, ZROFEBRERG LY 7 = vl i DA EIL D
BB CH L. o, V7= v BB EIRI, b ERY o RIS Y W LT
LT EDIRGEHETH D, FORDILERO R H ) 7= RO SRR A T s 2
EDEETHDL LE L

% =, Pepper & @h&”#meTA&h%&v;o = ey BREARN L D 2o ook
Y ) 2=y (NDL-T & L0 NDL-IDD) #FHEL, Fofk & B84 & oBIFRY st L
726

1.1 #8k 1 U0E%E

1.1.1. vy vy s= ok

BRI L5 L, BA—AKPr oo FRIKGORe D) 7= v EE 2R % - L AT
Ho, Fi Table3-1 <, FoWEL7 59—V v ) 7= vimat L80% 4w L, Mk k-
TRy 7= v fiEshb L2 b,

Fig. 3-1 ww#+n o GPC i, Table3-2 7 v~ 235 A L D EELYF ik L U5
%%ﬁ¢°W%MM%@$§®M@TMTHFK*%T%étm,TMS%%%K&UW%ML
Table 3-1 Yields of NDL- I and NDL-II,

(% of klason lignin)

NDL- 1 NDL-11 Total
Crude 47.2 34.7 81.9
Purified 44.7 32.5 77.2
NDL~T(TMS)
NDL-I{TMS)
3 ] ! i i X i 1

22 26 30 34 38 42 46 50 54 58
Elution volume(ml)

Fig. 3-1  Gel permeation chromatograms of NDL- |
and NDL-1I after TMS treatment.
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Table 3-2 Molecular weight and molecular weight
distribution of NDL-1 and NDL-II after
TMS treatment.

Lignin M Ma Mu/Ma
NDL-1 4390 1580 2.78
NDL-1I 10400 1626 6.40

Table 3-3 Compositions of NDL-T and NDL-1I.

Elemental composition(%
Lignin O(%/g’ C OI‘ I PO on(/g* Empirical formula
NDL-1 16.26 60.93 5.73 33.34 CoH2103.00(0OCHs) 10
NDL-1I 15.11 61.46 5.58 32.96 CoHr.6605.05( OCH3) .05

* By difference.

74 GPC i A ME Lz, b hA, BASHI TMS o tedic Rido g FinkE <R
B Snafabtns bn, TMS i & 0 Fiinrs c/ha < B 1E, 351D, Mg
Wiesr Fik X O T RO MBI £ A EHRo -,

pe b 2T AL DSk 52, NDL-1Ii2 NDL-1 L h V7 =vokhEsFRRsx
REELTHD, FESTFEHL SRS T TIRCGTRSM A ET 5IFW L 5 Ha st
b b,

Table 3-3 =i+ O MBI T e B ey, UV 2~z b (Fig. 3-2)

¥4 NDL-IIoWSEE i NDL-1 & b &

60 B, ¥ AR gy (Fig. 3-3) Ccur, WEUREEE,
7w o AR 36 -3 < 300 nm o RN i,
o BEEMcECBAYRL, ZhBIEES ik
40 b g 4 b, FoWSEE L NDL-IIC L b &Ed -
g P S RBOELE, TIREEMEEBEC 5T 7
ol CF Y v ARUGIC X AR BRI TR D, L0
<l FLEE (L EENS I 25 NDL-I1A0 L b B T 5
ZERRLTC B, T2 VY v ARSI L %S B
10k NOL-17" e LT, Fin7 = = a2 < v v BEEEY S 1 Ot
A b b v BIRSEEY O S 2 5 B, R =

O 25:0 350 35'0 300 AEOFEFEBEILYS 7 « =2 2 VIEEBR OB A

Wave Tength(nm)
2B AEETH Sz, T IR, AEr Mz L9
Fig. 3-2  Ultraviolet spectra of NDL s
-1 and NDL-II in methyl %‘ﬁtnr I % Too
cellosolve. st IR A -2r b A% < oS e L Ty
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20 [‘ ~
NDL-1 NDL-TT
15 F t
5
Tk -
>
- m
g i m
a5 : Y
(2y" (2)”
0 1 1 L i i) 5
250 \/300 350 400 250 \/300 350 400
wf b

Wave length{nm)}

Fig. 3-3  AEi curves (pH14-pH6) of NDL-1 and NDL-II.
(1) : original, (2 : reduced with sodium borohydride.

NOL-1 NDL-H
5r (3) r (3)
Wave number(cm™1)
1900 1700 1500
r I 1 41 L
NDL-1 T
> (2) (2)
Zet- »
&
NDL-TI < m
1 " 1)
0 { I ! ) I j
300 350 400 300 350 400
Wave length{nm)
Fig. 3-4 IR spectra of NDL-1 Fig. 3-5 AEr curves of NDL~1 and NDL~1I after
and NDIL-II. reduction with sodium borohydride for

100 min (1), 22 hr (2) and 300 hr (3).

Lhy, H R = I R SRR 23588 B, NDL-I1¢x NDL-1 3 o JEseay o o 48 = it
BEOD AR v Bc 5 1720 em ™ ECER BRI AR (Fig. 3-4),

RERFDUE Lo AEr dhi (Fig. 3-5) %45 &, MICKRI1005 350 ~T, NDL-II# NDL-1I
L9290 nm ML D RECHAERL TS, Zhud Adler B9 L % F AR <
FUAT B R RS b E L bR A, IR OfERA S, NDL-1Lici kb
G OIRE N A R = A IEDTIET B EHERTE D, —T, HEILE = A EOBRTENET 45
B00MFREITE™C 1y, MIFURHCHC 350 nm o WUk & 7028 1230 BT, 6 v = A 3o
Kl bz b s,

NMR 2~ 7 » 4 (Fig. 3-6)12 Ludwig %95 } ¢ Klemola %70 §ge E#Fie, 8 (Table
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NDL-I(acetylated)

N

A

3-4) AL THEE LI,
THS BEEOZFRCBTS 7 e+ v

i
w‘é

CHC13

N~

H i 1

v T (Table 3-5) % M4 % &, #ilk [ ¢
12 NDL-117* NDL-1 X b 47 <,
PSRz AT, NDL-ILis & b
% DRI ERIHFET S L%

N \k«MJ BT %, bbhHA, OB a

| hi H 3

6 5

4
8 (ppm)

3 2 1 0 —E=ave b ”/0)"/7‘"}"/3/?{)1;@1;?”);%1

AN, ma 7= ) ABROEIER T

NOL- I (acetylated) o, FoBiHERE AR A Y 2 =

N
Ly

Avn ny o n ISR a-F e b VL
! VI — AL e, Bz, BRI Y = =1y

Fa— i

CHC1

N

i H i

= w VTS AF SRS R L
WEIRTV2Y B lEch
BHfesd, Zh b LS 7

\/ N AN " 0) (=3
\k\\nk FIR O ot L L, vy

] ) i 3

8 7

6 5

4
$ {ppm)

Fig. 3-6 NMR spectra of acetylated NDL~I and
NDL-1I in CDCls.

o b A B S, Zhud a-e =

Table 3-4  Proton types in various ranges.

§-Val
Range alue Assignment
{ppm)
Aromatic proton.
I 8.00—6.30 , - N .
Deshielded olefinic proton such as a-vinylic and furan ring proton.
I 6.30—5.70 Ben'/‘;y.lic proton in th.e t)tpe Ar-CH(OAc)-R.
Olefinic proton (B-vinylic proton).
1 5.70—4.10 Proton attached to carbon atom that carries an ester or ether linkage.
Methoxyl proton.
v 4.10—3.40 B-Proton in phenyl coumaran element, benzylic proton in the type
Ar-CH,~CO-R and methylene proton in diphenylmethane element.
\% 3.40—2.40 Side chain proton in the type Ar-CH,~-CH-R.
VI 2.40-2.20 Aromatic acetoxyl proton.
Vil 2.20—1.60 Aliphatic acetoxyl proton.
i 1.66—0.40 Positively shielded proton such as the #-and y-proton.

3 2 1 0 T — AR T B L
Lo ks, ZofiiE I f-v= Y
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Table 3-5 Protons in acetylated NDL~1 and NDL-II

determined by NMR.

Proton
Range §~Value NDL~1 (acetylated)*' NDL-1I (acetylated)*!
(ppm) (%> (number /Cy} (%) {number/Cy)

1 8.00—6.30 16.93 2.34 17.04 2.24

11 6.30—5.70 3.32 0.46 3.52 0.46

1 5.70—4.10 15.44 2.14 14.51 1.91

v 4.10—3.40 22.58 3.13(3.090** 23.14 3.05(2,85)**
\Y% 3.40—2.40 8.01 1.11 9.55 1.26

Vi 2.40—2.20 7.15 0.99 6.71 0.88

vil 2.20—1.60 20.38 2.82 19.94 2.62

Vil 1.60-0.40 6.18 0.86 5.60 0.74

% 1 Empirical formula : acetylated NDL~ T CyHe.403.06(OCHa) 1.0s(COCH3) 120
acetylated NDL-1I C;;I'Ia,aao:;,og(OCI’Ia)o‘gs(COCI{g) 116

% 2 (). Theoretical value of methoxyl proton calculated from empirical formula.

Table 3-6 Molecular weight, condensed unit and functional groups of NDL-I and NDL-II.

I Lignin Determination
em
NDL- 1 NDL-1I method
(M) 4390 10400
Molecular weight (M) 1580 1626 GPC
(My/Ms> 2.78 6.40
OCH; (%) 16.26 15.11
9 5 Acetylati
Total OH (1) (%) 10.50 9.30 cetylation
(mole/Cs) 1.22101.27) 1.063(1.17) and NMR
0, B
Total phenolic OH (2) % . 2.24 2.01 ‘ AEf and NMR
(mole/Cy) 0.260(0.33) 0.23000.29)
9 R . By difference
Total aliphatic OH 8 . 8.26 7.29 : Y eren
{mole/Cs) 0.961(0.94) 0.833(0.88) (1)~ (2)
o .
Benzylic OH % . 3.96 1.02 NMR
(mole/Cs) 0.46 0.46
O,
Phenolic «-CO % ] 0.42 0.47 AEr
(mole/Cy) 0.030 0.033
0, .
Phenolic Phenylcoumarone (%) 4.98 6.29 AEi
(mole/Cy) 0.029 0.036
Condensed unit (%) 66 76 NMR

( ) Determined by NMR.
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e b R LSS, SURITCE NDL-112s NDL- 1 & h kb hedic <, UV a2 b
ADFERN BRI NI, MBI EGH 7 > P Yo AR BSOS By
et v R = AR D 35 AN L D RES he D L ERTRT, ﬁﬁ@il\f&:%bﬁ'é’aﬁﬁoi, [£1]
WEHRER L 0 HBE LA r 3oy e r volRHEL D KE L, FOEENDL-ITLD
FE-vhHH, ZherE s LT Ar-CH-CO-R B iER oS < v 2 5, fHkIVIC
oy 7 == a g D A F vy T b vh s S ARBT 0, 2o kb liEol
BOCBIS T 5 ERETCHD o7 o = A RERE TR EAEFE LD, VY
= VIR IS 1 5 HE-NE o« MBOBEOBRE GRBM TSV LA b, 1,
VIS X OV &, NDL-IIzi: NDL-LX 0 st L 7oK A D nu & RS
Do

PLEo Bt iR &, MU ks 1 2 Ao UBWEE O MR 1, JR s v B = L BB L U7 =
Sy R U RITHD L ERW ST s T, E7:, NDL-IIk NDL-1 & v & Ffaskx <,
Bl 0 B OMEMWHERELBL Tk, 7ot )7 = vy sKEVEs RS
EREL D L0258, Linl, MEBHIE 5 MUEE L (Table 3-6) %, 7 = / —aflic
LB 7 =2 A2 VHEEHROBE» ST L, v oA T e B L Ba-h L F =
HERIHELL, Fhvorm—FACHHET = =N <5 VHEER, —Hley ==y
v VIR R T B DY, SRS T e = A 2 U HEETBRLCBS L 5 A, Fin, 2 =7 =

D VRELOFERED I, RETERAIRES 7 == I v bBEINRL T 2 =Y

4

Table 3-7 Phenyl nuclei formed from NDL~1 and NDL~II by the treatment* with standard
P-BF, reagent.

NDL-1
React. temp. Guaiacol (1) Catechol (2) (1)+(2)
oy (%) (mole/C,) (%> (mole/C,) (%> (mole/Cy)
40 2.70 0.043 - 2.70 0.043
80 8.04 0.128 trace 8.04 0.128
130 13.06 0.208 1.38 0.025 14.44 0.233
150 2.48 0.040 11.45 0.206 13.93 0.246
180 trace 15.44 0.277 15.44 0.277
NDL-1I
React. temp. Guaiacol (3) Catechol (4) (3)+(4)
{C) (%) (mole/Cy) (%) (mole/C,) (%) (mole/Cy)
40 1.76 0.028 - 1.76 0.028
80 5.36 0.084 trace 5.36 0.084
130 10.33 0.162 0.58 0.010 10.91 0.172
150 1.78 0.028 8.72 0.154 10.50 0.182
180 trace 11.44 0.202 11.44 0.202

*# React. time : 4 hr,
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0.3 =] ~//-Ca2{;>}§) f\:ng 7 )b AR /’r’ ﬂ‘]{;’-&;
~— NDL-I e e ST b g 1
= weee NDL-II BG4 AR R B L T sl T Ty

LT E D,
1.1.2 SRERY
Table 3-7 ¥ & ¢¢ Fig. 3-7 s #- 1 %
NDL~ I %5 J U NDL- U & FGAS B 4771, 100C
LLF-cik o7 47 a - Elych s, 130C
TR & o K& BT 55, Thlllko
IR B C VR IBE 4 - AALBUE EFAL T 5 1 B
mﬁﬂmgﬁ1“1% WP U, B 5 2 — A 0MEIN L T 5,
Lasl, WERDOEFHETRINLHHEL 1255
T e Cgi"ghﬁfﬁi BRI 11, 130°C DL SIS T A ¥ 72

Formed phenyl nucleus{mole/C

nuclei (Re_act. time, 4 hr). R B LTl & O IREIT100C LTI T -
® . guaiacol, © : catechol,
o : guaiacol + catechol. = AR VREEOR I LYY T s x R

VLY T = s AT e S R E R T O BT
BASADME T, T L H100C AT & 0 2 o B EBMEE I T 5 2 &£ 2R L 7o € 5 2 RO K
REMIL T %,

EFAVERIZ LD L, W0CUT TRy 7 2 =4 4 2 VESEIC S\ TOLBRRMAEL, LU
TRy LT =, Ry Sm =k LU T H A 2 U8 T L IR A TR o 55
BT 5 ETAERD, ok, a-hAF=AEEDT = 7 —aflid, FoOS TSRS
nhicd, V7= TR0 CU T Tl AEET LB 2 bh b, RIS 2R b
BB AT %5 L, NDL-1o%B4&, <~y i7iz—nir Table 3-6 7:50.46/Cy, % 7=

AV = FRNET 2 2 =T VB LU VY - O SEHE TR 2R, MWL o
THME R BT S L, FhFR0.10/Coks X U0.13/CoTh %, Lnl, v Y 7= v Tid
T mn G VD = m s v m VENIBE M T B 8, FORAE LS b,
0.10—-0.029/0.33=0.012/C,

Eleh, BECEESIC OV, 227 2 VAR LELLN, KBS T 2L s wn

Blaicshbizwd
0.029/0.33=0.088/Cs

LHY, IDHBY T e 2 VHEENTERER LD, a7 = s AU L BED
BTH DG, FOLEISYELD &
0.088x0.5=0.044/C,
Lleh, EoT, U7 ==n 28 VSRR LSS BELOBELL,
0.46-+0.134+0.012+0.044=0.65/C,
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205 LI GRS R AT A BALE,

0.65%0.34=0.22/Cs

EWE RS, —, NDL-UbEBCHELESY, 7= =02 v e YREEOFERE,
0.036/0.29=20.124/C,

Lieh, 7a=ny =5 vREEOREM (0.10/C) s o, AV A 0L NDL-TT Tk
BEI T D ERERT AL, TR LT Y e 22 w5 VORISR T =2 s 2R

ERTWHI LML TH LIS, 2o Ti—E7 = =2r7 I VBEXEHL T

AN
o
T
&
-
B
Nk

(0.4640.13+0.124%0.5) X0.24=0.16/Cs
LB ERD, Tk, 100CHToEME T e, B NDL-1 35 50" NDL-1L2 547
CEHENLN0.22/Cots X 00.16/Cond W ERZRBHD TR S R 05, KEEO LB E, 80Cids
LT NDL- T 7490.13/Cs, NDL-11-C#90.08/Co & BERE L » S D TIE <, L L H130C T fE
PUERIL T b, Fi, R SO GEIS B OFER LY, 3ns80TC s TR L
BB AR5 &,

NDL~ T covereee 0.13/0.34%0.38/C,
NDL-II-eeeee 0.08/0.24=0.33/C,

L, PR bELIGEOR Ny oA T e gl LD A, Thb ORI T T
FERL DR ENII0CHU T TR 7 = 7 — s fbliiic s T d, V27 = v oG BULDSERET
Lo 100~130C O MMBE A VB L+ 5 2 LR L TS, ZORIGEENK T, 7=
S AN F - I TR BT B LD E S TN ANO BB SBIE L e D b TnB EH

Table 3-8  Products besides guaiacyl nucleus (guaiacol, catechol) in the treatment* of NDL- |
and NDL-~II with standard P-BF, reagent.

React. Ethylphenol R .
Lignin temp. ortho para total mbeopyl tso Propyl:
(€O T(%) (mole/Co) (%) (mole/Coy (%) (mole/C)
40 - - - -
80 - - - -
NDL-1 130 4 + - -
150 + 1.97  0.032  1.97  0.032 4 +
180 5.25  0.085  9.42  0.153  14.67  0.238 4 -
40 - = - -
80 - - - -
NDL-1I 130 + - + - + - + -
150 + 2.05  0.033  2.05  0.033 - 4
180 4.35  0.069  8.01 0.128  12.36  0.197 4 4

#*React. time : 4 hr.
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ZbhdAH, FAERDLIBFE T OB TEASRSAE T S 2 LRI S o AR E180°C 1
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LR T B,
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1.2 % 7
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w= ey BREORIIE0 8 & o v o K - PREEE (BEIE00 1 8 1 1.8) HAW4A00mlE 1 1 &
ZEY A7 I A AR, BRI CEI T2, SREREIIET 5 (NDL- 1). SR & chH%, B’
B FEL, PR EBERCO 5, BERWHEE LS. 5RHAEE L (NDL-1D,

Pal, PEEGC LD PR ST 5. RIRRR O RS 2 Mo PR, BRI O REKES Y v A
T, BUEERREER, 1 %R v ) v ABHP BB T T Y 5, B LY 2= v RED
GBI koo T8, KPR, B, T o A F vy e s - A X HRERAT S,
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i) SAMRBIRA ~7 b
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AFNe v T RER L UCHEY, BACETS A AR REL
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THDHEr e~ F100C U EORESEMET CNEECH D 720, RIS s BE B -C
HHH,

LT, T vaFEy ) ey (LDL) RIS A SRS V) 2 = v REREEEER A X
DB, TORHFERAERBETCBE AN,
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2.1 kR L UEE

LDL il X OF D 7 g 2 {tdyo NMR A~z + %, % h#Fi Table 3-9 & J vt Fig.

3-8 1,

NMR A~z b+ A B gk 8 o o8l L, £Hilo 7 =+ v A E L2 (Table 3-10),

FEE 7o e V- kit L, CX492.05 o v e v NETEL

W XD

HEALE, BEM 7 AT O AMBLE Y v FEABOBEEIS% b, Do, ST A

Table 3-9 Composition of LDL.
= - - T
OOLH:; Elemental composition(%) Empirical formula
(%) C H o*
19.23 54.95 5.79 39.26 CgHa‘san.m(OCHa} L4t
* By difference.
1(‘ "i THS
1 I il A ) VTt VI
CHC 5
1 1 i i 1 ]
8 7 b! 5 4 3 2 1 0
${ppm)
Fig. 3-8 NMR spectrum of acetylated LDL in CDCls.

Table 3-10 Protons in acetylated LDL*! determined by NMR.

o-Value Proton
Range (ppm) (%) (number/Cy)
1 8.00—6.30 12.74 2.05
1I 6.30—-5.70 4.45 0.72
1 5.70—4.00 16.33 2.63
v 4,00—3.40 26.57 4.27(4.233**
v 3.40—2.40 7.59 1.22
Vi 2.40—2.20 4.68 0.75
Vil 2.20—1.60 22.77 3.66
Vi 1.60—0.40 4.88 0.78
* 1 Empirical formula : CoH7.0041s(OCH:) 1.0 (COCH,) 140

% 2 () Theoretical value of methoxyl proton calculated from

empirical formula.
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TR E S Y vEABO LR, FHRL D FRFRSI% S LOA%TH LIS, FTAT
AED 5 BEARDEETL, D 5 BIHEET L HE S b, FII O S, ~v o7 a -
A BER0.72/Co L HEL S B 2, THUBRTEHIC S T A Y 7 = v LB L T b K E <,
BRI — v o= —F Ao a-7 e P v SEBE LTV AL H D, FURIVO 7 =+
VB, RERIOEHBE LA bR oY e v oL KR, S0y r ok
TRV wm A2 VREEEIIR EAERELI LV 25,

NMR A~ b J0 HE L& MKEEZEES X O ABr I 1 % a-7 4 = v % Table 3
LR a-A v R = AVERETIER Y 2 = v Lok, LDL e % < o Ik ik &
HLC B0 Ch b,

Table 3-12 s & O° Fig. 3-9 w ##ERI 1 L 5 LDL o BUGH R %R T,

TTATa—-BL0hT a2 - A0SR, $HEERY v e ERTH S, —, o
VAR RRT R E BB £, 80CTE o m —-1,3-2 4 F b= — 5 LK AR
L, ABRE XRS50 TED A F AALERY (€ r e —a-1- 4 F 0 — 5 0) D3N
LT % 130~180CIeds it b wm o m — AR O 2R i, € m o e —A-1,3-0 4 F b —
FARLUE RN B —A-l-2 F b — 5 A DFPE & L TR TS < - T ARG R
i 130CHBAME L L TR EOREFIKTERE B LI, 2 al s RSk s

0.4~ -
Products from guaiacyl nucleus Products from syringyl nucleus
@ : guaiacol--- (1) ©: pyrogallol-1,3-dimethyl ether--(3)
A1 catechol---(2) ®: pyrogallol-l-methyl ether ------ 4)
m: (1) + (2) A pyrogallol sememecmamnnn e ——— (5)
w: (3) + (4) + (5}
0.3 =
"
(=]
S~
a
S
£
3
g2 0.2 -
o=
E)
2
[+%
el
O
E
2 0.1 -
,ﬂ—»m-—’A
/// Q
TN
] /@-
A \
0 S pd J 1 | ] -y %&/l t i
4

§
40 80 120 160 200 80 120 160 200

Reaction temperature{ °C)

Fig. 3-9 Relation between reaction temperatures and yields of phenyl
nuclei in LDL (React. time, 4 hr).
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HERE e -0 2 RWEECERT L0 THEY, ©FARBRENEL (Yele -1
BRI & A SRR B ey ok, LDL o34, MR EL o e e — Lk
BB L OB 1ot TH B,

e Y 7 = v OBRBE R, S, FEEOWHIL Y =/ itk Do T = s 4 2 iR
R LB I RBALCIRES A, Lind, TOREEI00CHU Lo MBRE L 345 =
EDRS i, Zhud, ST AT A E T = =l L OB RET AR TH L L ) v
FABMMIC KT LR TS A S, ¥4, LDL oiHEB T2 7 = = 4 4 2 vHEETERIIE L
AEBRTEL L L EBHTL L, P EH100CEUTF s % LDL s & 0 B B AR R 2%
2E S i oyiiba %M@M%Jmécﬁmkw&vﬁéoLmt,%%mm%%ﬁaNMRmohﬁ
L s THELCHERGE Y 74 7 v MO R S BTHHOIRL, 80CILBT5H 27 1
72— A ERE0.063/CoTh B, ZOFEORKIE, NMR A2 b AlkT 558G 7w
VINBIRIE ) 7 = v O S EREERERHRET AR H D EE 2 D, TiobbETH, R
RNy 747 B L ) Y F VRO FERYHE L Tk E, B0-0EE 7= + 50
DOFER sy 7 A T N B L v U v EABEOERHARDC, BEE ST AT o ABRORY
BT 52, ZOFEICRD 2 0OV T 5,

(1) p-e FeFv7 =3 EET5,
(2) >V vEABMICHEENEELL R,
05, (WML TS 5 0% QUIB S NEY LE 2 5, b, $HEEEY
7= Db Cffa TG 2T 2 LW BRI ST 5 72d™?, BRERRO K
BEAGCL > THERTAERERY 7= vpicd GHAH R CGNBEHNITFET LI EEZLRD
DHTH D,

T T, HERAEBED S ERAEBORE LR,

FPRER LD, MERIERPEHFEL 0V EREL B EOHER 7 =+ VR,

2 X0.41+ 3 X0.59=2.59/C,

Lleho NMR kst % RIMEL2.05/CoTH 00 5,

2.59—2.05=0.54/C,s
?&k&nﬁ%mm&f$WMmu%1uIDLLMM%@%AW SERVFAET B Licie A,
O e = AR VHEETEICEE L 5 HERREER , FITHERR T A &

0.72 (Rvon7ia—A)+0.13(w /vy s —=A)+0.10(7 = =12 <3 v)4+0.026/0.25
(a=-hnF=1)=1,05/C
Thb, ok, AEIHEOBE 25, LDLpD 7 = =y < m v BSLEMEI ISR Th 5 2
EATREES R, Fiom = 7 = Y AV BELERTHE R LA S e, B CES S —INEES S
Bt Lic, COTEMEN1IEMAZION, Veans=35 Yy, vy —VERHGEER
L BHERE, “évaMRmié&vvw7»ﬁ~W§%ﬁﬁuwﬁ&v&wm~?w%ﬁ§h

s
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fv@ﬂ%@ﬁ@%:&kgwﬂmmx%&%zéovi%ﬁ%u%%m&1g¢@g@mtu
BHLTT AT 2 ABICHRT B AERY0.097/CoThH B0 b, 9.7% T i HRII0% 03k
W7 47 B lhicsh, -7,

FEWS 747 v 59—-10=49 %

fEEM Y v ¥R 54—49=15 %

G Y v+ g% 41— 5 =36 %

EEHE Eh s (Table 3-13),

Table 3-13 Types of phenyl nuclei in LDL.

Syringyl nucleus (%) Guaiacyl nucleus (%) .
Determination method
Condensed Not condensed Condensed Not condensed
- 41 54 5 Normal procedure by NMR
Corrected using yields of
5 36 49 10 products by P-BF,; reagent

U VEF B DML BER KR, Ce e -0 2 RINEE BT B o LRy
ERAED S B Loy, BRI L 90.36/Co b HEE S R 5,

ZT AT v BT B A AIRREE130°C 35 & ON180°C T o> A R 0 35030, 004/ Coln - X ¥,
BREEEI130C TIRIESET L Tu b L2 605, AGFCs 5 v ) v E A B 5o ERIR
ﬁ%%&wm@mi%ﬁﬁ@ibym<,%mﬁwwmﬁwu»mw%mzwmmwﬁghfv

TENRBEENSL, UL, MEEEENEEOEIFRERE e, Ao SR S

RLERE A 100~ 130C oM CIEE T s o b b b, Fim A AN B o L
Frbh, FEBG LG BACK T, RESY 7= vt 7= v D0 R L 2
T H A D,

Table3-14 iw= + v v ¥ vi{bic 1 5 LDL 9 b0l aRt, vV vy 745 e Visk

Table 3-14 Products from LDL by nitrobenzene oxidation.

.. e - . Total S/V
aldeh; A% anillic ¢
Syringaldehyde (1) anillin (2) Vanillic acid (4(2) /2
(%) 19.03 4.09 23.12
, trace 3.902
(mole/Cy) 0.238 0.061 0.299 ’

U= v oSG, REIGC ST 5 0BIRESCTo s Y v ¥AMB L U7 74 7 > A H
e B AR £ & B Tk D BBk

b ko 745 v VERSRT S )/~/%Lmovfu,%<mﬂ%%mxofﬁ%
SRTEY, FERIIEME BB ERD 2 &, 1, i~ orTra—n, vle—
T, HRTHEHEAEB L L a-h AR 2 AP TE L UTEIRCBET AN, Ry S AT -
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B X OB CEEEIEET 258, AR L CHMOMETT S 2 LWL Sh Ty,
RSO ARRE W, KEIC L - T A S ERORREE L & RA—-TH D, WRIIZL D
B R Y 7 = VR B L 7 & AT LIS, T oMU END DOV, Kik
DG, BEAREC BT RIS ERINCETT 5 2 LiciES b0 TH D, T, SREE
Bh v 7 = v ESEHEEDIEL LT A6, ARINOEROMALS M L L, 10 IERE
AREET S L2 B,

2.2 % B

N V7= vEEoRE

T rBIEARBE08 &, oAy e oK e IERE CARIIL90 0 8 1 1.8) WAW0mIE 1 [ H=
Y75 A AR, BREHPCRE T 00 M 5, BEABR A2, PR BR o R
KE v v o aCrh L BEREES, 1 %FEE » Uy AP TICET T 5, Bl
= v OO X o TS, KEE, R, B od ey e = - T uRRYTT 5,

2) V7= vREO S

NMR A ~7 boid, BEa 7 27l @82 e s LT, 100 MHz, TMS 7
HRERHE CISE L 1,

et h B = e AEr BRI X -7,

(8) HEEERIRIZ L B Y 7 = VRV O ks X OB O TE S

1.2 3) & RBCTT » 7oo fods, ERAPWIBEEEDE I 37 2 v 7747 2 v v,

(4) =+ v v ¥ LS H

)7 = v 100mg, 2 NAKESL » U AT Smlis L O = b v v € V0. 5mlx 1TmlBEA 57 v v
A g — by v =B AL, 170C, 3MMRIG S5, AEY L FB, Pk =—-5 1
ek, e ko pH 2~ 3 ¥ CEALL, =—F A LML RVBE S, =T AR
SH, RIEMATUKSES A BT, MOKBREE - U v A TR, TMS{E L, GCim LT o
Gl TR DR AT > 1, WIBEBEME I T 2 F 7T AT 2 s AT,

#iE A GC 550!

HF s AT LA F3mm, £&2m

FEHEH] ¢ 309% Silicone DC 430-Chromosorb AW (77 4 7 = T3

%7 AT 210C

# 4 ) v -4 He

itk FID

N

3 BB ISR

WEE cokFic L b, KEISRICBITALY 7 = v boBEEWEEE, 7= 2 ~adbimdp

C7 x4 8 SRR LA SIERATEBICREE NS Z LWL Ll ooy, Thi,
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7 == VA UABREETOBREE /v - L U CHELE S 2 L AR UIce FARBRO
RREHR LD, RSP 58808, ) 7= v e hric B8 o g L HE
HRECEALT B D E B HEE S s,

T, BSHRCs A MEE N EBET L L, 7 =/ = A {LB ORI L - T,
V7 m  BUS TSI LI o o2 7 2 b A 2 v RS LA N, U
Vom =l A B REEDEE A OIS AV IR R L BT A S i L s TR S bih S
h, BASALRTE DY, AR GTS A=) vwinh p-w S — A ER L R E
VL, R ERD 7 = =04 2 vREEDES B E h, K E s v AT FRE LB D &
HRLTChA, —H, Tokalex s v A~A Ve x ) vEB LT = 2 — VL RE TR
HBEYBEL, ML ESFRARBEEE L7 =/ A8l (7 =202 2 VIEEOESKE 4
LB BIDOEE, TOKBILL S T S A F VI UTARERTH Y, Fiad s VBB IO b
VEIANA R AN BEEFEE O AR = ARIEL U EALRIGEL e 2 AR S T 5,
o, V/avifiriBManioo 7 2ot 2 VEEEDLIESHICE 2 v 4 F FRESED X
M, ST BHERAL & RE oK ERE BRI T S LT REhA L THY, TOR
Ry r=viddbfey oy Vil e b rd, DBEOREOBENAEShiz B2 &, Hi
g TORBRIEEY S ¥ HYTE B,

T ZCARBUTE, o OB BT THERT 50 REE Y 7= v ool YN S o
L L, BUEBBBHET A Y a9~ —BLOHEY = ~[KH5, &0 bk 3¥RREcd+55
B HEORECELFET L0 TH D, B HMNBMGEHT CERT S 2 h bEKGOMEY
M5 e, V27 =v oSy M 280l Tchd LELL,

3.1 FERE LU

NDL~1, NDL-II#s k¢ LDL oKz 58i#E Y 7 = vIREK (Table 3-15) %45 &
HEURHEROC TS T, V7= v KEG e — F AR ) o e - (5D
BT A RFL AT L Bbh b)) wETHMLI o EARE SR, ¥, 80CLLTFTo

Table 3-15 Yields of residual lignins in the treatment* of NDL-1, NDL-II and LDL with
standard P-BF; reagent.

Yield of residual lignin (9% of lignin)

React. temp. NDL-1 NDL-1i LDL

C

e Crude Purified Crude Purified Crude Purified
40 35.66 25.53 66.13 53.89 8.89 5.97
80 13.96 6.63 32.30 20.49 4.61 2.22
136 34.28 18.19 50.28 31.83 38.27 35.62
150 42.29 28.39 53.21 35.71 60.57 58.73
180 65.96 51.05 66.45 54.88 52.48 47.36

% React. time : 4 hr.
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W# (NDL-II>NDL-1 >LDL) ¢, ¥OW#EED 1 >Th s H AL R (NDL-1IT

(76%)>NDL-1 (66%)>LDL (54%)7 & L <HIBAL Tv %, LA L, 80°C &z 4 I HHiR
Tk, VR S s IR BRI ARt Lk, BB oL S e, 180T CivTTh
SRR 2ol & P o 1,

HEBHC S BEEY 2 = vir, BT Table 3-16 oo < Bg%S-CR,

Fig. 3-10 v E5UE s L Uik Y 7 = v oo TMS {binith o GPC %, %7 Table 3-17 iz
vaw b 73 AL OB TREYRT, 22C, TMSHEMG L Licow, REUEs L Ui
RE0CLETo®EY 7= v 3 F0F ORI THE WBRLIv b Th 50, BA S
e TMS #i2 L 0 ERB O ST RHIBAFME n BN nH 5o, THEF w7 AR E
40C 35 L UB0CIm BT HE D 7 = vy, TMS Lo 5 FRZ by @~k o 5 (Fig.3
11 % £ ¢¢ Table 3-18), Mw #3200, Mn C#10008ic ¥, Frfllticdiml Ay
Mo T, RSN I TSmO B S I L E b,

MBREEMNE < e b icon T, BikY 7 = vidESTbd 5 L, BRI S FEES NS

Table 3-16 Abbreviations of purified residual lignins.

React. temp. React. time NDL- 1 NDL~I1 LDL
' (hr)
40 4 N{1)-RL40 N(II3~-RL40 L-RL40
20 ” N(1)-RL80 N(I1)-RL80 L-RL80
130 ” N¢{1)-RL130 N{I1)-RL130 L~RL130
150 ” N(1)-RL150 N{1I>-RL150 L-RL150
180 ” N(1)-RL180 N(I11-RL180 L-RL180

N{ 1 }-RLIBO{THS

N(1)-RLIBO(TMS ~RL1BO(THS

=RL150(THS
M{1)-RL150(THS
N{1)-RLISO(TH

N{I)-RLI30(THS)

H{1)-RLI30(THS)

H{1)-RLBO(THS)

N(IL)~RLAO{TH;
N(1)-RLAO(THS)
NDL-1{TH
ISP WA SPOS SO SN RO SNUFUUNE NUPUNE SO NN SNYN S SN JUC VU WOV SN SN SN RNV NN SN SOV | I.IM.me(.EMSI)ul.I.I‘|-I
26 30 34 38 42 46 50 54 58 26 30 34 38 42 46 50 54 5B 26 30 34 38 42 46 50 54 58
Elution volume(ml)

~NDL-H{THS}

Fig. 3-10 Gel permeation chromatograms of lignin preparations after TMS treatment.
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Table 3-17 Molecular weight and molecular weight
distribution of lignin preparations after
TMS treatment.

Lignin M\v Mn M\V/Mn

NDL- I (TMS) 4390 1580 2.78
N(1)-RL40 (TMS) 1715 1386 1.24
N(I)-RLI130(TMS) 1101 740 1.49
N(1)-RL150(TMS) 1178 764 1.54
N(1)-RLISO(TMS) 994 598 1.66
NDL-II (TMS) 10400 1626 6.40
N(II)-RL40(TMS) 2698 1806 1.49
N(I1)-RL8O(TMS) 1618 1086 1.49
NCI)-RL130CTMS) 1380 804 1.72 T S S H
N(I)-RL150(TMS) 1563 833 1.86 e ety
N(ID)-RL180(TMS) 964 583 1.65

Fig. 3-11 Gel permeation chro-
LDL(TMS) 5276 1324 3.98 ¢ matoglx)‘ams of residual
L-RLAO(TMS) 1573 1159 1.36 lignins before and after
L-RL8O(TMS) 1044 673 1.55 TMS treatment.
L-RL130(TMS) 846 519 1.63 e : original,
L-RLI150(TMS) 691 466 1.48 ~ ! after TMS treat-
L-RL180(TMS) 619 437 1.42 ment.

Table 3-18 Molecular weight and molecular weight g b, 180CT i Fh b Mw

distribution of residual lignins before and O e . ekl L M
after TMS treatment. 1L,0OOLLFCH 5, $io, BBk &

L TEEY 2= v oo

Lignin M -1\71.1 Mw/M, ) e

g ! i b NE <, RIS To M
N(1)-RL40 1580 1261 1.25 o ) o
N(1)-RLAO(TMS) 1715 1386 1.24 Lo, V2= VIR — e sy
N(ID-RL40 200 1727 1.44 FORGUNLEAT S 2 & dvbn
N(II)-RLAOCTMS) 2698 1806 1.49 %o
N(11)-RL80 1419 891 1.59 i, % UMD K e
N(I1)-RL8OCTMS) 1618 1086 1.49

VI BET = — AR RS
BT B L, EOERBEALRE) L7, E it o KBS A M <, M DBIRCRT
RS IET T2 &SR Tu 29 -0, 3 LEUIEWIINZ RT3 U &y Ko Y 7 = v i
TALD, v 7 = m a5 AEECIET B F 2 v 2 F VORBEACESCTU B0, 4
BRI Y 7 = v o @ERE L ) bIBETH S L ATARS R B2, JGE o B 1 AL
BRI L Stk U (Fig. 3-12), $512130°C Db TR 2l 2 B AR L 7oy W1z, Bt
S B R b OWAL IS TF L, MRS T ok X U ALEERE0°C 35 X 080°C
B AHEY V=2 v THE BB -ch b0 L, 130CHToF i, S s (E
WImh b BT BB L feh 57,
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Fig. 3-12 Visible light spectra of lignin pre- Fig. 3-13 Ultraviolet spectra of lignin pre-

parations in methy!l cellosolve. parations in methyl! cellosolve.
(1) : NDL~1I, (2) : N(II)-RL 40, (3} : (1) : NDL-1, (2 : N({1)-RL40,
N(I1)-RL80, (4) : N(I)-RL130, {3): N(1)-RL80, (4) : N(1»-RL130,
(5): NC(I1)-RL150, (6) : N(11)-RL180. (5): N(1)~-RL150,(6): N( 1 >-RL180.
NDL-1 N{I}-RL8O
60} s L
=40t
5
ﬁ; L
Tl
0 B0 30 B0 B30 FD
Wave length{nm)
£, N{1)-RL180
so} L
T 40}
§
Sl
0

B30 W00 30 B0 30 30
Wave length{nm)

Fig. 3-14 Ultraviolet spectra of lignin preparations in neutral and alkaline solutions.
- in methyl cellosolve, ------ . in IN sodium hydroxide.



120 o OE X

30r Fig. 3-13 wagnrwe vy L7HRIECBITS UV 2

Y b IR BB & B L T, NCTD)-RLA0T

. 7w /=i X BB RO R s L O ERRED

MRV I AL, NCID)-RLS0 1320 nm 3512

_. 20 WRE/S R H7R L, ¥ B BT 2130C I EoR %
zg V7= Tk, B emo RN ERE DI BT,

o0 260 nm (35 i) & 280 nm AT OHIA & DD

- TS, WBREOHCEEY 7= v BIDV%< 0

< 10r JR R A BT & PMERS R e

Fig. 3-14 w8 L 07 A0 )V BRI B 1T 5

I i ‘. UV A7 ko, Fig. 3-15 AR fiam+, 74

ob “u , L% 2 VEHIC T, FEEHS L ONCID-RL 40, NC(T)

\7/300 3O A00  _py gpicin v n g - Al A B i BB T R T )

i Wave Tength(mm) PR Bz, 130C BLEDBIE Y 7 = v Tl

Fig. 3-15 AEi curves (pH1l4-pH6) of lid7e<, 1L 5280 nm Ay D> a A & — A L

Hgnin D sparations. Tl BRSO NCID-RL80 D 7 4% ) #ilic

------ * NDL- 1 reduced with {5290 nm W L, B S o 280 nm

RO R ey AN <, FE E RS BR DT T

—++— I NC(I)-RL80. Wexhb, Zhuk AR HIERIC S X ORI RTE D, 300

nm O RILEA i, BB T1320~400 nm i, %42 NCID)-RL80 1350 nm (=8f 7= 7eifiu 1%
WHRD B, FEB ORI E U CHBBMECAER Lz e S~ by b v B RS L U7 =
=y ww VRIS C L2 B 05, NCID)-RL80 350 nm 12313 A WINE 7 = / — At 7
Umsva=9 v = 5 RO G T B S AR L B B 7w, Fio AEr e
Lo TR R A7,

RERFIWAE L 72 AEr ghit (Fig. 3-16) % 2% &, NCI)D-RLA0 T, RICEEHII004 O W IN:

P T [ n(ry-rao [ n(1)-RL8O [ N(1)-RL18O
53l i
‘U\
< 2kc - L C - e
& |b c /\
o 1‘0//_//"\\~_\\\\\ L ///’~\\\\\\N . .

N 2y VA | i

300 350 300 350 3(}1 350 30 30

a

Wave length(nm)

Fig. 3-16 AEr curves of lignin preparations after reduction with
sodium borohydride for 100 min (a), 22 hr (b) and 70 hr (c),
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IR, Q28R R X OSTORREIER 1330~ 360 nm i TRk RS B oy, —F NC(ID)-RL80
3, 100455350 nmC D R B~ To KA R U o, TORIEL 7 = 2 — AT )~ a-P
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Fig. 3-17 IR spectra of lignin preparations.
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Fig. 3-19 Behavior of mesomeric quinonemethide in alkaline solution.
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FEWE L D MEE L) 7= v AR R VIR ERS L L, Fiot= vy 2 A Nk SP BElR T

HUMEREET OB (A=Y vl LBy r=vArtsvBThHL, WY 7=~

F ey 57+ v 7 = v, | BL, [ BMN pto2rm vkl (A4 v {uEir BL <

BMN)TH B, KET1, “hbdsbAatdky BT HREHCOWTEEN S LU 4 v %

PR, - WUEY 7 = v Feldis L Oy 4 vem — 5 VBRI ATy, Th i pH
U AT o B B 3 Mo R BB L 7o,

Table 3-23 1= BB o M 7R+, £RUBHE AABluBar Bl L EL, ALt viins
T B v = 2 PRI E T oM AR L, RS oK 2aH L Tw
HHiY = oy S = R F b <, Ak vikoliiins i F > BL > BMN ol
TEFETFTLCH, —F v =da Po01T, #FE1E, »rvy s%odfy 7=vi

e A LFDT AN VERYTH B Ly 2 ADEREHEA 5 L (Table 3-24), <
2Vy 2 ATCET = /= AWKBEERS LU R NSOl T - /b{‘éi;'/ﬁﬁiﬁg-ijg
xiwx»mvﬁm&k<,7wvaﬂ%< = -5 A EE OB, oL, FEROME

BB A vk RS, RRILEBUE S E U2 s SRR L T

Table 3-25 s & ¢° Table 3-26 123513 L U1 o+ v MBIk H-Zo%%ﬂ:ﬂa) pH fiis L O

A b F o VR RRT, BB v e A P 201U T oS AR L oo L, BT

Table 3-23 Properties of lignin preparations.

TOKALI Lignin

It SANX P201  VANILLEX N

emn F BL BMN

. . blackish- blackish- ! blackish-
Appearance brown powder brown powder brown powder brown powder brown powder
pH above 3.0** 8.4*2 7.5%% 5.5%2 8.0**
Purity of lignin(%)  above 95 above 90 above 84 49 89
Methoxyl group(%) 13.33 9.59 8.30 8.75 9.10
Ash (%) below 1.0 21 27 10 22
Sugar (%) - - - 19 —
Calcium (%) - - — 4.6 -
Sodium (%) - - - - 9.6

% 1 10 % Suspension.
* 2 59 Solution.
Table 3-24 Functional groups in SANX and VANILLEX.

Functional groups (mole/Cy)
SO;H COOH Alcoholic OH Phenolic OH

VANILLEX 0.13 0.26 0.28 0.42
SANX 0.45 0.08 0.39 0.39

Lignin
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Htho pHftiiFnd 5~ 6 offifflicd v, FEREBHCBHORES HTFEEL Tu2 &b
Nh, EWE, BB DRI AT ) L, Ao vERRo AR X 9 Z o pH fH1nEE
Beflio K x CBITL, 332 5~2. 70 L 7ol & fo - oo — 0, 4 b o A AET R, M
B G B Y 7 = v F ek E B ni@eo b -ty A by 7= v il
fimar v A P OITRE L, BV 2= v HOBREKIZL DY 2 = VRO AR

sz

s

Eh,
Fig. 3-25 (o &850t UV A<z b A %a5T, 280 nm OWKE = v » 27 2 N > 1
y 7= F >[f BL > BMN >y =2 P 201CH 0, HHE) 7= 3MOFFIrAL -
VIR ORI L AFERRIEOE Y LKW Tu b= vy 2 A NOBKES RS &-O
Vi, T Ah VBB o RS L, BB R sl koSl E L bR A, vy e A P 2010
WA Ao BB 0 SARECIE <, BT L0 o RS L, fesdRY 2 = VIE OTEESIR
s,
Table 3-27 = &R O L O5RMER AR+, BV 7 =+ BL X U BMN 32
57 UL m VDAL A TH B, A d DA AR IO B BT BETHEAET S
DL LFEE S AN, STt AR LA UTHEL, ¥y v as A P2
B 7o k3R 2 = VB ORENED Lo, RERERD i o 7,

1.2 54

BHER I L B ERA R o R B4 Table 3-28 ¥ 1 0 Fig. 3-26 12iR,

BRE 0B/ ERBE L ET 5 L, TR S0l R - T w210 b bbb
4, Fo4d Gy 7= v F>EGY 7
=v BL ><=v o272 N >HEY 7= 80r
v BMN >+ vad A P20 1V 7= v
fMEOFIE L—FLTV5, 2D &
AR U 2 = B o RO A BHE, sof
LTwvh o LBk, Hofilgd efiics
057 = s = ALiEEE R A v s kT
Py ERNRTGHSP Y = KP Yo 20b

= L AR RIGH AR L s, AR

VANILLEX N(IE)

TOKAL Lignin F(P)
TOKAI Lignin BL(IE)
TOKAI Lignin BMN(IE)
SANX P201(1E)

e 10+
SR TOMBIT L o T EF ALK VDR
l‘gﬁ L ) ’? U)?;fi Iﬁjw“ﬂgpﬁéi 7w Sl /]‘ﬁ'x&% o frod ! : L ]
— 240 280 320 360 400
Ll b BRBTH60THD, ZDOLS Wwave length(nm)
teA kv R B 2y Iy . . .
fe e OB, AN L ST Fig. 3-25 Ultraviolet spectra of lignin prepara-
BB T D, tions in methyl cellosolve.

) B (IE) and (P) : The same as in Table 3~
FHHUE AT - T Y 7 = VR A D 5 25 and Table 3-26.
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&, HRBHR T O B ERAR R REEINEE AR L, FRey v = A P 201 Co RN 2 8D
TREGCH, A4 VL L D AR IR IR L T R L A BB S B R
ol LinL, BRBEMEZ ST A180CABTO 7 747 2 —McEBT5 &, b HEOE-
B 7= v PO b A EERDPRO LRG0 L, Ak v EEET L0 4 8ol
MBCRBGHAER L TE Y, BB L0 4 VAL, Tbbiky 7= v oL Lo
T ORI AR, ZAud BRo a2 BT AHA 5 BB L - TET T A &
LR B0, HEBAERREY 2 = R L OB S B, Y 2= IR SEI0%
BAFELTL, BB et A LB LERTES

Teds, FREhC s A B, AEREIS0C ¥ Ty L e, R EoRELET G
e A BT, BARREIE130~150C O &M T T i T A L 2 b,

Table 3-29 1w BB/ LIS O LB &R,

BAERBRE R 1T BIB0C A T = F L 7 =/ — VERE, WTFh BN L 01 4 v5r
BOBEP>RUBCHY, Zhny 7= vHIEOFEI L —8 50, FERINAED T/
A VBB B TS AR E ML Tk, B ofiliERrs 7 AL T = s — O

BB LT A E e Th B, T, HRRBEE (180°C) TuHEEY = v F
b Z<TRTHELDIHL, ArivEieHE4T2RB b dind, HfEY 7=V
BL, A BMN grurvera PIT#3% ~=vs2a2 N THS%ThHhs, 0B

0.3 0.3, 0.3r

TOKAI Lignin F(P) TOKAL Lignin BL{IE) TOKAL Lignin BMN{IE)
Land Q‘/Q : —~ st "y Lo [ s ——
(=2} [=a) L o
So.2 So.2f ///// So.2( /////
2 2 2 o
(=] Q a [=]
£ E E
0.1 0.1~ g.14
.
D \
0 2L i & O bt { 0 b H i
130 150 o 180 130 150 . 180 130 150 o 180
React. temp.{ C) React. temp.('C) React. temp.({ C)
12 - 0.3+
SANX P201 (IE) VANILLEX N{IE)
10 -
O i~
W T sttt
8 L
E Q

—_—
o
~ e,
xfr /
4 8
le;
2
0 1 ¢ 0 ] L 4
pya | 2,
7330 150 L 180 130 150 L 180
React. temp.{ C) React, temp.( C)

<
T

Fig. 3-26 Relation between reaction temperatures and yields of phenyl nuclei (React. time, 4 hr).
(IE) and (P) : The same as in Table 3-25 and Table 3-26.
®-—@ . guaiacol, O—0 ! catechol, o—uo . guaiacol+ catechol.
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v, TERE ORISR A, BETAIEY V= v HIcERE U R ELE LS B,
ARABLPAECOWME VBRI L T2y 7= v F L BL wwk T 2 oZadid
K<, KPVr=vLs SP V7= vidBHEEOFERHEL Tl 2RISR oh &,
i O IR 1 3 2 e D R > T B D L RTRET S L 5 i Bbh b,

PlEossERyy, KEERTOLEIZL - T, SPEIUKP vFhot V=vdhbbFo
HE A E s v - L LCI0%ED EoRE CHISLES 2 S8l b Lotz o Th,
=) VBB ORIEY Y= v Th Db A vy 7 A N BEBORISE YR L2 Sk T g
TH D, BSROEATT > Th Y 7 = VIR U TARER L L fev Euv 2 B, 8- C,

TEACH o - Ty, LY 7 = v R EERRULR T 2050 &k, — B b X
Dol=y v, TOREY F=vrnbBE s v AT =0, BT a2 - BRET S L
BBELEZ DB, F, BETHIEY 7 = v WE BEOAMBES: 2 KT X4 % 25, BaslbIn
ki b A B, U ATRBLEIEOBIEhC X A AR Ao BlE 5, RERO S
BB oBBOBIRRLETCHL EELLND,

1.3 RUG&HoBE

THERBTCODMCET, PR L CHBER YR S ¢ 2 L ERRCSE M cBIBOG 2L,
RO B A H S e 5, Finy 2= vEELFIHoBYEs BREY 7 = v oY
bEET DL LR CHL, T, VB ELTHEY 7= v FRHG, Sk X
T BOSTREE, WS L ORI BB AERT 5 L4, BIET R 7 = v o bR
I Z T

Table 3-30 = ffi « ORI & CWRliC s 175 4
B %, AU T o0 S5 R AR B A Ll %
L (Fig. 3-27), 7747 2= p80CClhekkich, *
A Bk koo i B R T B 2 F AL B 2 E ST 5 1
W, HF 2= AOERMREES TS, OB

[~
w
i

Formed phenyl nucleus{mole/Cq)
o
™~
T
)\

TOKAI Lignin F(P)

0.1
BT o vy 7= (NDL-1, NDL-II) &z ¢ J
PUL T D0, 79700 7= v 3ERBRTosFo 0 Lyplet 3,/ i 0\4
s e 160
BB L » THFREIVINS D, FISHINZRiT5 40 88eact.t;rig.(°c)
Py g)‘;’l Tii3 b = <, .—fﬁ)*{! g;/ I3 N ‘
PIE £ BB E < W00CLT FERAE R Fig. 3-27 Relation between reac-
+ NDL-1 X 9%y, —F, HHEEOWE130~150C tion temperatures and
st . e TEAT [ [ or g Al T [ FE 2 vields of phenyl nuclei
BRI CRT S % 70b, Hic150°C LE TR 2 (React. time, 4 hr).
Wi T, Fodfimisks T birdlbshd, 4 (P) : The same as in
e . . . ) R Table 3-26.
ARG R180°C, 4 Bl Gk Ciz g8 1k+ 5 = L 2 oo : guaiacol,
i 00 | catechol,

o-— o guaiacol -+
Table 3-31 = =g B W Lo 84 iR, Wik catechol.
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BT & BB ERE R L, $Elbho r 7 47 2 — A0 BEPHERL 1205,

—HAERY TH D= F N 7 = 7 A DBPITICKE < IS 8L T g hix L A L
Bdbbhiled fnote, WEOBETEEEY 1 My ofldiEf 2B 3w s o Linied, /07 =
7= AL R G  TRUBE R QKT A 2o, RRBA MR L2 5%, kT 5

FEBERR OB T RS <, AL a35.070 54 4~ L H1/810 b 28T,
B/ 20E T+ &8, o LA Z oW & RIS E IS o Il & % 5o B b a i -
&5,

LAEof#ER I 0, 297 vV 7 = v ic B ARAROFERIRE L, W35.0, KIGHE
150°C, BUGHH] 4 B o 4 TR S R 5 0%, B o Ml d B ST8586, ko 2 0%
EFE 2D,

Gt WL BUSRIE  FUSKERHE

1. 35.0 130T 4 W

2. 8.8  180C 4 1)
ka%,&%Lﬁ@KW%ﬁW%WML&ﬁB,ﬁ&ﬁkﬁﬂﬂb%%&&%%:kﬁﬁﬁf
B0, F G2 OBE, HERERRIERAEOR6% TH A D, TRELEISO I Lo
3500 L #dfsio v 7 = v FRLE LS5 S5 5,

Table 3-32 = #HABRIE - BT AEKY 7 = v O RES, 7 Fig. 3-28 35 X ¢ Table 3-33
IFEOD = b VS RERY DO F A s o b 75 A s X OSERAE A TR, SR Bl
FFOFERLICHBKT A=) B LU = VEEARI0% R AL T B, RS R

L O BT ”-7%M¢L,PMJMEJ§PRU%TMQ<%m6mkWohO;@
R IR IS T DB ER AR A50°C LLE TN L 7o » 239 L XCHBIL T v 5, BIEUE
FHELT, BBV 7= v Tl p-b Fese v X7 AF e F, pob Fed o REKE, +J 5
WMBER L U7 = /2 — AN HBSR RS BR, 7 2 2 - ARG ks o-Rih Bk

- {TZ'/ Ve /mul\ﬁfﬁu (i} L, & fe “‘rlig"‘07lﬁmﬂ}§.'afj L7 - /'V%?;'r%l Y Y l’:f)‘ b) A

Table 3-32 Yields of residual lignins in the treatment*! of TOKAI
Lignin F(P)*?* with standard P-BF; reagent.

React. temp. Yield of residual lignin Abbreviation
C (% of lignin)
40 79.34 F-RL 40
80 37.25 F-RL 80
130 41.22 F-RL 130
150 42.62 F-RL 150
180 45.50 F-RL 180

% 1 React. time : 4 hr.
% 2 (P): The same as in Table 3-26.
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BN, p-BiiEE 7 = /- ik DR SEAE [(3)-+4)) (R BRES0C TR L
h, FRUEOSEET B BRI oL, oG 7 = s - lmRT S Y SR
VSN L T s b, MRS < e b L RRIEY 2 = v o o E 7 = 2 — A D RPIER
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B, WHIREDEGEE Y 7 = V8, b4 K <,

& e
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Fig. 3-28 Gas chromatograms of reaction solutions of lignin preparations in

nitrobenzene oxidation.
(P) : The same as in Table 3-26.

: phenol, II : guaiacol, I1] : salicylaldehyde, IV : p-hydroxybenzal-
dehyde, : salicylic acid, VI : vanillin, Vi : p-hydroxybenzoic acid,
Vil © vanillic acid.

HELH 2 57 2 7= v LOBERIGC
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Table 3-33 Products from lignin preparations by nitrobenzene oxidation.

Yield (%)

Product
TOKAI Lignin F(P)*! F-RL40 F-RL8& F-RL130 F-RL150 F-RL180

Vanillin (1) 8.72(0.112)** 2.54 0.99 0.49 - -
Vanillic acid (2) 2.07(0.024)** 1.32 0.78 - - -
(1)+{2) 10.798(0.136)** 3.86 1.77 0.49
2+ 0.19 0.34 0.44
p-Hydroxybenzaldehyde (3) R 1.64 1.30 0.77 0.86 0.40
p-Hydroxybenzoic acid (4) - 0.93 1.32 1.16 1.16 0.65
(3)+{4) 2.57 2.62 1.93 2.02 1.05
(4)/131+4)] 0.36 0.50 0.60 0.57 0.62
Salicylaldehyde - + + + + +
Salicylic acid = 0.37 0.47 1.09 1.42 1.58
Phenol + - 1.45 2.46 1.23 1.12 1.22
Guaiacol + + + + + - -
Total 8.25 7.32 4.74 4.56 3.85

% 1 (P):The same as in Table 3-26.
%2 () mole/C,.
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Summary

In order to obtain low molecular phenols from lignin as industrial raw materials, the reactions should be
controlled so that the resulting products are simple in structure and few in number. However, few
degradation reactions achieve this result at present time. For example, products by the hydrogenolysis, which
is a typical degradation method of lignin aimed at obtaining low molecular phenols, form an extremely
complex mixture, including phenol, substituted phenol, hydrogenated phenol, and others. Thus, now only a
few chemicals are being produced from lignin in commercial volume.

The chemical structure of lignin is complex, due to the various types of linkages between phenylpropane
units, whereas the structure of the phenyl nucleus in each unit is relatively simple. For example, softwood
lignin can be regarded as a three dimensional polymer consisting of only guaiacyl nucleus. Therefore, if the
phenol nucleus alone can be released and demethylated, catechol will be the only possible product from
softwood lignin. This investigation is in connection with a novel degradation method of lignin allowing the
C-C linkages between side chains and phenyl nuclei to cleave selectively and quantitatively.

The important characteristic of this method is not to use oxidation or reduction reaction, the conven-
tional methods for the degradation of lignin, but to take advantage of the peculiarity of diphenylmethane
type structures, that is, the methylene linkages in diphenylmethane type structures are more easily cleaved
than other C-C linkages in the presence of Lewis acid.

This method consists of the following three reaction steps, by which the phenyl nucleus of lignin gives
polyhydric phenol (namely, catechol in softwood lignin) as end product; the formation of diphenylmethane
type structures by the phenolation of side chains to be followed by the exchange of the phenyl nuclei of lignin
for phenol, and the demethylation of methoxyl group.

1. Reactions of lignin model compounds in the presence of phenol and boron trifluoride

Phenol and boron trifluoride were selected as degradation reagents (P-BF; reagent). Various reaction
processes in the formation of polyhydric phenols from lignin were investigated using lignin model compounds.
1.1 Phenolation of lignin side chain

The sites in side chains reactable with phenol were alcoholic hydroxyl group, carbonyl group, carboxyl
group, double bond, and ether linkage. The reactions of these sites with phenol under boron trifluoride
catalization proceeded in milder condition than that of hydrochloric acid.

The phenolation of benzyl alcohol, benzy! ether and conjugated double bond proceeded very rapidly. On
the other hand, that of carbony! or carboxyl group was influenced by the molecular conformation around the
functional group. That is, the reaction rates (%) with phenol at 40 °C for 10 min were roughly as follows
: Vanillin, 100 ; w~(2-Methoxy phenoxy) acetoveratrone, 50 ; Acetoguaiacone, 1. However, all these model
compounds reacted with phenol quantitatively under higher reaction temperatures. These facts indicated
that alcoholic hydroxyl group reacts with phenol in preference to carbonyl or carboxyl group, in the
phenolation of lignin. The increase of combined phenol by reduction of lignin was due to the change of
phenolation rate by the conversion of carbony! group to alcoholic hydroxy! group. The phenolation rates of
vanillin and veratraldehyde, so as those of vanillyl alcohol and veratryl alcohol, were equal, indicating that
the phenolation in lignin side chain is not influenced by phenolic hydroxyl group.

1.2 Nuclear exchange reaction between the phenyl nucleus of lignin and phenol

The phenyl nuclei were liberated quantitatively under mild condition from structural units capable of
forming diphenylmethane type structures by phenolation, namely from those carrying benzy! alcohol, benzy!
ether, conjugated double bond or @-carbonyl group in side chain. The liberation of phenyl nucleus was a
second-order reaction. The reaction rate increased by the presence of group capable of stabilizing the
intermediate carbonium ion in the liberation of phenyl nucleus, that is, methy! or pheny! group in the center
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carbon of diphenylmethane type structure. And the rate decreased by the absence of phenolic hydroxyl group
or etherification of the group. The rate constants at 40 C (mol » mol™' « min™'} were 70.6 x 10~ for apocynol,
14.9 % 107% for vanillin, 1.9 x 10 for veratraldehyde, and 1.1 X 10"* for vanillyl alcohol. The rate of nuclear
exchange reaction in syringy!l unit was slower than that in guaiacyl unit, because the coordination of boron
trifluoride to phenolic hydroxyl group was hindered by methoxyl groups.

p-Rosolic acid was isolated from the reaction mixture of vanillin with P-BF, reagent, and 4,4-dihy-
droxydiphenylmethane and the phenol dimer containing quinonemethide were identified from that of vanillyl
alcohol. These results supported such assumption that the phenyl nucleus of lignin is exchanged for phenol
by P-BF; reagent, and also, revealed that a part of diphenylmethane type structures is oxidized to give stable
quinonemethide.

During reaction process, p-position to phenolic hydroxy!l group in phenol reacted with lignin in large
preference to o-position. The phenol nuclei combined at p-position to phenolic hydroxy!l group in diphenyl-
methane type structures were re-nuclear-exchanged more rapidly than those at o-position.

1.3 Demethylation of methoxyl group

Guaiacyl nucleus was demethylated above 100 'C to give catechol quantitatively. Syringyl nucleus was

demethylated successively to give pyrogallol. But a part of pyrogallol condensed secondarily above 100°C.
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The rates of S; and S, were faster than the demethylation of methoxyl group in guaiacyl nucleus.
1.4 Roles of boron trifluoride and phenol on three reaction steps

Boron trifluoride acted as a catalyst in each reaction step. Although each of the step proceeded
effectively in the presence of boron trifluoride of which numbers {moles) were less than those of reactive
sites, the reaction system had to be controlled so as to have the mole ratio of the water to boron trifluoride
less than one because boron trifluoride was inactivated by the water included in P-BF; reagent or formed
during the reactions.

Phenol played an important role as the solvating medium, as well as the acceptor of cation. With the
decrease of phenol in the reaction system, the rate of nuclear exchange reaction increased, but the demethyla-
tion of methoxyl group decreased and the oxidation of products was promoted, because of the increasing
activity of boron trifluoride, and further, the homogeneous reaction became difficult because of the decrease
of solubility of reactants and products in the reaction system. Thus, excess phenol was needed to effectively
achieve the three reaction steps.

1.5 Behaviors of various lignin building units

B-Aryl ether linkage was rapidly cleaved under mild condition. The cleavage of f-aryl ether linkage
was a second-order reaction, and was influenced by the phenolation at e-position of side chain. Namely, the
rate determining step of the cleavage of f-aryl ether linkage was the phenolation at a-position, after which
the cleavage of f-aryl ether linkage and the nuclear exchange reaction occurred simultaneously.

The 5-5 linkage was very stable. Most of adjacent hydroxy! groups in bipheny! unit were dehydrated
to form a furan ring.

The nuclear exchange reaction occurred also in diphenylethane, diphenylpropane, and further, phenyl-
propane unit carrying no reactive site for phenol, as well as in the diphenylmethane type structure, and the
rate became faster with increasing stability of intermediate carbonium ion; diphenylmethane > diphenyl-
ethane > diphenylpropane >» phenylpropane.

These results indicated that all phenyl nuclei .of lignin, besides bipheny! units, can be liberated theo-
retically as a monomer through the nuclear exchange reaction.

1.6 Disproportionation of C-C linkages
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From reaction mixtures of model compounds with P-BF; reagent under drastic conditions (for example,
at 180°C)H, alkylphenols (ethylphenol, propylphenol etc.), besides products through nuclear exchange reaction
and demethylation of methoxyl group, were detected. However, alkylguaiacol and alkylcatechol were not
detected, indicating that the formation of alkylphenols was due to the disproportionation of products formed
by huclear exchange reaction.

The comparison of formed alkylphenols with their originating chemical structures led to the following
results on the disproportionation of C-C linkages : The longer the distance between pheny! nuclei, the more
the linkage between the phenyl nucleus and the side chain was cleaved easily, in contrast to the nuclear
exchange reaction. The linkage between the two center carbons of diphenylethane type structure was most
easily cleaved among all C-C linkages. In one unit, more than two phenyl nuclei were not eliminated at the
same time.

2. Reactions of lignin in the presence of phenol and boron trifiuoride

The relation between chemical structures of softwood and hardwood lignins and products from those by
the treatment with P-BF, reagent, and the properties of residual lignins were investigated. And the
degradation mechanism of lignin by P-BF, reagent was discussed, based on those results. Also, degradation
conditions for industrial lignins were studied.

2.1 Reaction of softwood lignin

The main product below 100 'C was guaiacol, the yield of which increased with rising temperature up to
130 °C, above which guaiacol was demethylated rapidly to give catechol. The sum of both products increased
only slightly above 130 C, and its maximum was in fair agreement with the number of uncondensed units
capable of forming diphenylmethane type structures, indicating that the nuclear exchange reaction in lignin
occurred only in diphenylmethane type structures, in contrast to the suggestion by model experiments that
all phenyl nuclei of lignin besides bipheny! units can be liberated as a monomer.

2.2 Reaction of hardwood lignin

The degradation behavior of guaiacyl units was similar to that of softwood lignin. On products from
syringy! units, the yield of pyrogallol-1,3~-dimethyl ether increased with rising temperature up to 80C, above
which the yield decreased rapidly, accompanied by the formation of pyrogallol-1-methyl ether and pyrogal-
lol, because the demethylation of methoxyl group began. However, the yield of pyrogallol above 100 C was
slight because of its secondary condensation, and consequently, the sum of products decreased rapidly above
130 ¢, although it increased up to 130 C.

2.3 Properties of residual lignins

Through investigating the properties of residual lignins formed at different reaction temperatures, the
reason was discussed why the nuclear exchange reaction in lignin occurred only in diphenylmethane type
structures.

The diphenylmethane type structures formed in lignin were oxidized rapidly to give mesomeric quinone-
methides, which formed hydrogen bonds to adjacent hydroxy! groups of phenol nuclei. This change of
structure resulted in the rigidity of lignin fragments, which prevented subsequent reactions such as the
phenolation at g-or y-position of side chain to be followed by the exchange of the phenyl nucleus of lignin
for phenol.

2.4 Degradation of industrial lignins

The phenyl nuclei of KP and SP lignins were liberated as monomer in about 10 % yields, for which the
reaction temperature in the range of 130 to 150 C was needed.

Non-lignin substances contained in industrial lignins slightly slowed down the demethylation rate of
methoxyl group, but had little effect on the liberation of phenyl nuclei.

The utilization of residual lignins was divided roughly into two fields : The derivative formed below
100 °C, which is much phenolic, is better used as an additive to plastics such as phenol resin, on the other hand,
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one above 100 C, which contains a number of quinones, as an oxidizing agent or redox resin.






