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O N  TI& OCCURREMCB Or 0-1  STRUCTURES IN LlcltlNS 

Knut Lundquist 

Tochnology and Unirorslty of Cotoborg. 
Dopartmont of Organic Choristry. Chalmors Univorsity of 

S - 4 1 1  S 8  Cotoborg. Swodon 

ABS7RACT 
'H &R spoctral ovidonco f o r  tho occurronc~ of 0-1 

rttuctaror In ligainr is prosontod. Tho ntmbor of 8-1 
rid. ebains ray bo 1-2% in rpraco lignin and porbapr as 
much as 3% in birch lignin. 

Dogradation products which could bo dorivod from 

llgnin rtructuror of t h o  0-1 typo ( ~ - 0 ~  compounds liko 

1 and 1 attachod t o  tho lignin macroroloculol a 1 0  

producod from Iignin and r o o d  upon rovoral typos o f  

troatmontr (SO.. u, R.fS.1-3). Although .xpOr~montS 

rtth lignin rod01 compounds suggost that in so10 casos 

(kraft cooklng'. hydrolysis at 180 Co ' I  rathor than 

tho80 prod\lcts ray originat. from 0 - 0 - 4  StruCtUlOr 

179 .. 
C o p y w t  0 1987 by Yucel Dollor, lac. 
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180 LUNDQUIST 

R 
f R = R = H  
2 R=CH.,, # = H  
3 RxPhCH,, R=H 
1 R=H, R=OCH, 

5 

mnco of 

OH 
6 

~r typo of 

rtructuror i n  Iigninr i s  roiy rtiongly rupportod by 
degradation rtudior. 13C MMR spoctroscopy ha. providod 

indicationr f o r  tho proronco of 0-1  rtructuror :n 
1 igninr'. but cloarcut spoctroseopie ovidonco for this 

has not beon prorented ar y e t .  O n  tho b8sir of 
oxaminations Of non-dorivatirod I igninr in 
dioxano--wator rolut ionr. I t  could bo coneludod from 'H 

NMR rtudior that the numbor of 0-1  rtructuror rurt bo 

rrall in I ~ g n i n r . ~  Undor thoro conditions tho sign81 

from HO in 0 - 1  rtructurrr ir loeatod in a rogion o f  tho 

rpectrur whoro vory for othor lignin rignalr aro found. 
Horeoor. Iorgo rolvent rignalr appoar fairly cloro t o  

7 the position of the signal from HO in 0-1 rtructuror. 

On. can oliminato thir drawback by the use 0 1  

WSO-~,--doutorioacotie a c i d  ( 9 : l )  ar rolvent, and this 

rolvont ryrtem har boon ared in tho preront 'H NHR 

rpoctral rtudy o f  tho occurronco of 0-1  rtructuror Ln 
1 igninr ~ 
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THE OCCURRENCE OF 8-1 STRUCTURES I N  L I C N I N S  181 

‘H NMR rpoctral d a t a  for lignin rod01 conpoundr of 
the 0 - 1  typo 8U-arlSed in T a b  0 1 (Tablo 1 

include8 data for 6 - 1  compoundr C1-L) aa well aa rod01 

Compounds Cs-&) for structures which oxh bit rignals in 
tho neighbourhood of the signal for H o  in 0 - 1  

rtructuror). 

I t  is cloar from Tablo 1 that signals from H o  in 

0 - 1  rtructuror can bo oxpoctod t o  be found in the range 

62-76-2.B3. Tho apoctrur o f  rproco Iignin (Figuro 1 )  

oxhibitr only l o w  intonrity rignalr in thir rogion ( a  

m o a t  signal at 62.76 i s  discorniblo1 and suggertr t h a t  

at mo8t 1-2% 0-1 rid. chainr aro prosont in tho Iignin. 

Birch Iignin shows a signal a t  62.77 which can bo 

a t t r i b u t e d  t o  0 -1  aid0 chains CFiguro 21 .  Thoro may be 

TABLE 1 
R Data for Sid a C h 4 1 n  Protons i n  L i a  nin Mode I 1 

SoEboundr. Solvent. DYSO-d;--CQ,CiX)D t 9 : l ) .  

l1 4.82tS.31 2.76C-l 3.48(7.0,10.3) 3.7Cm) 

4.68C8.0) 2 . 8 5 C - 1  3.72C6.7.10.6) 3.86C6.0.10.6) 

4.89C5.31 2 . 8 2 C m )  3.6 

2 4.75C7.B) 2.93tn) 3.76C6-8.10-6) 3.87(5.7,10.5) 

4-8lCS.5) 2.76Cr) 3.4SC6.7.10.51 3.7Cnl 

3 
1’ 

f1 
3 -r 2.5 1.84 Cml 3.40 (4.41 

A 4-62C4.0) 3.04C-I 3.7SCm) 4.13C6.7.8.7) 

3 

XrvthrQ form. ‘Jhroo form. 3Z H. 1 
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1 I I s 3.00 2.76 2.50 

3.7s 

n 
'IY 4.77 

I 1 1 I 1 I 1 I I 1 

b 8 8 7 6 6 4 3 2 t 0 
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184 LUNDQUIST 

a s  m u c h  as 5% 0 -1  rid. chains in birch lignin. 

(Assignments of rignalr in Figurer 1 and 2 could be 

made o n  tho barir of the d a t a  in T a b l e  1 and Ref.7; the 

poak at 6 2 . 0 0  in tho birch lignin spoctrum is duo to 

acetato in xylan.) 

T h e  position of the signal from no in 0 - 1  

structures v a r i e s  with rteroochomistry (Tablo 1 1 .  Thir 

corplicatos any attempt t o  quantitatively ovaluate the 

lignin spectra with rerpect t o  the occurrence of such 

sttucturos. T h o  dirtribution of orvthro and tbr.o 
forms of 0-1 structuror in lignins i s  not known. 

Lignin degradations soem t o  provide the j r v t h r ~  forms 

of 0-1 compounds . but tho prosenco of tho g i r t h r e  as 

roll as the 3hr.Q form of compound 1 i n  wood 

oxtractives has boon reported. 

T h e  failure to detect the signal from HO in 0 - 1  

structures i n  earlier 'H NMR studies of lignins i n  

dioxane--rater solut ion' may have boon due to ovorlap 

with largo solvent poaks. Anothor obvious reason would 

bo the absence of significant amounts of 0 - 1  structuror 

in the lignin ramplor. I f  this i s  the case one m u s t  

provide an explanation for tho presonce of signals 

which could be attributed to 0 - 1  structures in the 

present 'H NUR studios of lignrns in DYSO--acetic acid 

solut ion. Such an expl ana t i o n  might be the 

acid-catalysed forration of 6 - !  structures in the 

NMR-solvent from nprecurrorsn of dienone type. Such 

mprecursorsn can be expected give rise t o  lignin 

degradation products attributed to 8 - 1  structurea. 
2.3 This n a y  oxplain why lignin degradation studios 

indicate larger amounts of 0-1 structures i n  lignins 

than NMR-studios do. 

8 

s, 10 

7.6 
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THE OCCURRENCE O F B - 1  STRUCTURES IN LIGNINS 185 

' H  N M R  rpoctra were rocorded on a 2 7 0  Y H x  

inrtrument working in the pulre rourior mode (Bruker 
U H 2 7 0 ) .  WSO-~,--deuterioacetic acid ( 9 : l )  w a s  ured as  

solvent Cintornal reference. T U S ) .  The numbor of 0 - 1  

ride chains in tho lignin rampler u8r ortimated by 
CODpAring the peak 6 a 2 . 8  (HD) with that duo to 

t h e  aromatic protonr (+S=71 (Figuros 1 and 2 ) .  
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