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Tabie 1. Analytical comparison of spruce-MWL and lignin structural models
Lignin and models Cy-Formula Methoxyl-free formula dD:}%}rfec}er(?-f 23(()1]:3 (}){20
genation
Coniferyl alcohol CoHgO(OMe) CgH;00,
MWL (Bjorkman 1957) CgHg g305 39(0Me)g g CoHg 50,(Hy0)g 37 095 0.37
MWL (Freudenberg 1968)  CgHy 950, 40(OMe)y gy CoHg 170,(H,0)g 40 1.93 0.40
Model A CoH7.930739(0Me)g g3 CoHg 0g05(H0)g 39 192 0.39
Model B (alternative) CoHy 9609 43(0Me)y g3 CgHg 130,(H50)g 43 197 0.43
Mean value of A and B C9H7.9502'41(0Me)0_93 C9H8.0602(H20)0. 41 1.94 041
Model A Cy59Hy990g7(OMe)5 ¢ MW. 5124
Model B C5oHp23068(OMe)ag  mw. 5141
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Table 2. Functional group and structural unit comparisons of
spruce-MWL and lignin models (per C¢C3)

Functional groups and structural units Angmg Iﬁ;ﬂsvalue Spruce-MWL References
Alcoholic OH 100 1.00 1.00 1.04 Lai, Sarkanen k971
0.85 Bjorkman, Person 195
Phenolic OH (free) 0.32 029 0.31 0.26 Adler et al. 1968
0.34 Freudenberg et al.
1964a
Total carbonyl 021 021 021 0.20 Adler, Marton 1959
a=CO 0.07 004 006 0.06-007 Adler, Marton 1959
Unconjugated carbony! 0.1t 0.1t 0.1l 0.10 Adler, Marton 1959
vy-Lactone 0 004 0.02 -
Ar-CH=CH-CHO 0.04 004 004 0.03-0.04 Adler, Marton 1959
H=CH-CH,CHO 004 004 0.04 0.03 Marton, Adler 1961
HOH-CHOH-CH,OH 0 0.04 0.02 .
(AYCH,—CH,-CH,OH 004 0.04 0.04 -

-C-CHy 0.04 004 004 0.04 Bjorkman, Person 195
Benzyl ether (open) and alcohol 046 046 046 043 Marton, Adler 1961
a-04 (open) 0.11 0.11 011 0.10-0.13 Freudenberg et al.

1964a
0.06-0.08 Erickson et al. 1973
p-Hydroxybenzyl aryl ether (open) 0.04 004 004 0.04 Adler et al. 1968
p-Alkoxy benzyl aryl ether (open) 0.07 007 007 005009 Freudenberg et al.
1964a
p-Hydroxy benzy! alcohol 0.07 007 007 0.05-0.06 Adler, Marton 1959
p-Alkoxy benzyl alcohol 0.18 0.18 0.18 0.15 Adler, Marton 1959
-0~y (open) 0.07 007 0.07 0.06 Glasser et al. 1976
04 0.8 046 045 0.49-0.51 Erickson et al. 1970
8(0.32) (0.36) (0.34) *(0.25-0.30) Adler 1961
04 004 O 0.02
B-5 0.14 0.14 0.14 0.14 Lai, Sarkanen 1971
0.09-0.12 Erickson et al. 1973
**(0.04) (0.04) (0.04) **(0.03) Adler 1961
g-6, (8-2) 004 0.04 004 0.025003 Erickson et al. 1973
014 014 014 0.13 Lai, Sarkanen 1971
B8 **%(0.07) (0.07) (0.07)*%**(0.05-1.0} Ogiyama, Kondo
1968
g-1 0.11 007 0.9 0.15 Lai, Sarkanen 1971
0.02 Erickson et al. 197
0.07 Adler 1977
5.5, 56 021 021 0.21 0.19-0.22 Erickson et al. 1971
405, 40-1 007 007 007 0.07-008 Erickson et al. 197
Condensed units 046 043 045 045050 Ludwig et al. 1974

* Except displaced side-chain units ** non<cyclic *** Pinoresinol units

Ar Aryl group

o) f{f9} acetylated spruce MWL of H3lo] olofxl o} &2 v Luduigs % 2 Lenz o (ksted olofxl
NMR spectra 2 £.59 & =2 &9 (LEojct, Heh o3 2 —Fsln gicek. 60 MHz 9 &
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Table 3. Protons per Cg structural unit in acetylated spruce MWLs and

Lignin models as determined by the integrations of NMR spectra

Range 5-Values (00" KO o 9 MwC P w4 IR e
(Ludwig et al. (Lenz
1964 ) 1968)
11.5-8.00 Carboxylic and aldehyde 0.14 0.14 0.14
2 8.00-6.28 Aromatic and a-vinyl, and
g-vinyl of cinnamic alde-
hyde side-chain 2.56 2.57 2,71 2.75 2.73
3 628574 Total Bvinyl and «a -
actoxylated benzylic 0.39 0.32 0.29 0.29 0.29
4 5745.18 a of phenylcomaran, a of
a-0-4 linkage, and § of
acetylated glycerol side
chain 0.28 0.34 0.25 0.25 0.25
5 5.18-2.50 Total protons 6.37 5.81 5.83 5.86 5.88
Methoxyl 2.82 2.55 2.79 2.79 2.79
All other «, §, and
v protons 3.55 3.26 304 3.07 305
6 2.502.19 Aromatic acetoxyl except
those of 5-5 linkage 0.83 0.83 0.86 0.75 0.81
7 2.19-1.58 Aliphatic acetoxyl and
aromatic acetoxyl of 5-5
linkage 3.34 2.78 *3.14 3.14 3.14
8 1.58-0.38 High shielded aliphatic 0.24 0.06 0.14 0.14 0.14
Total protons per Cg structural unit 14.01 12.71 13.36 13.32 13.34

* The signal of two S-protons of unit 26 may stretch over both range 7 and 8.

EEe] NMR & 4= carboxyl &} aldehyde
el =2 ko] peak Range 1o& Hathsl=
9. ey, Lundquist %ol (kg 270MHz o
AERKS $®&e kg Bl 4= coniferyl aldeh-
ydeo] §2 4%=% "rt. o] Mifiv acetylatedM
WL thol 4= Co 8% 0.14 2 siob. Range 2%
aromatic ¥ g —vinyl ¢] = 2 E 3 F3} cinnamyl-
aldehyde fiigie] g~ vinyl = 2 && F I3l Sl
o] MEBRAAE 2713 27522 3ty e K
F 2o wolztm 4zsch. Range 38 4 f-

%s}

vinyl 3} acetylated benzyl ¢} =2 8¢ ¥ gsixn
Ued BEMERAAE 0.29¢jz MWL oj4+ 039
2} 0322 sjejglcl. Range 49 =2 &L MW
L o] MigtiAn o} 2 o2 weh, 28, spro-
ce MWL o] gloi4 Range 29 zgEo] 3& 7
3 Range 59] filfiz 2 80) %o 3¢ MWL dhef
Lol RAKIEYol 4= v AT e}
Range 3.4 % 79 =2 &5 MWL H#ide B2
R Qe Bokitipel MY Aot BESE #EK
5 aliphatic 2] = 2 £¢ propyl 2] methyl 3} 3
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