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Chromophores which contr ibute to the color of kraf t  lignins 
and the generation of dihydroxyst iIbene structures as chromo- 
phore precursors are discussed briefly. The various o,p'- and 
p,p ' -dihydroxyst i lbenes  and 4,4 '-dihydroxy-3,3 '-dimethoxy-5- 
(4-hydroxy-3-methoxystyryl)st i lbene,  obtained via Wittig syn- 
theses, are colorless substances which become more or less red 
colored when exposed to air. By reduetive aeetylat ion (z inc--  
acetic anhydride) stilbenoquinones, o- and p-quinonoid, di- 
phenoquinoie, quinone methide, and stable oxygen radical  
structures are converted to colorless compounds, stabilized by  
simultaneous blocking of the formed phenolic hydroxyl  groups. 
Application of tha t  reaction to technical kraf t  lignin fractions 
let assume tha t  a low number of ehromophore structures 
(max. 5%) are responsible for the intensive color of the material .  

I n t r o d u c t i o n  

F o r  m a n y  years  the  p rob lem of color origin of k ra f t  l ignins seems 
to be a quest ion of special  in te res t  to  l ignin chemists .  The chemical  
na tu re  of chromophores  in k ra f t  l ignin is s t i l l  unknown,  bu t  there  exis t  
va luab le  concepts  for color fo rma t ion  1-a. St i lbenes  are discussed as 
chromophore  precursors  among  var ious  o ther  leueoehromophor ic  and  
ehromophor ic  groups.  

p ,p ' -  and  o ,p ' -D ihydroxys t i l benes  are fo rmed  unde r  technica l  put-  
p ing  condi t ions  and  are t hough t  to  be easi ly  conver ted  to  chromo- 
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phores initiating thus color formation of lignin containing waste liquors 
and of residual lignin in pulps. 

o,p'-Dihydroxystilbenes are generated from "phenyleoumaran" type 
units during kraft cooking as was shown by investigations of appropriate 
model compounds g, 4-6. In accordance with these findings Gierer et el. v 
isolated compounds with o,p'-dihydroxystilbene structure from kraft 
liquors. Aeidolysis of "phenyleoumaran" structures may lead to the for- 
mation of this type of stilhenes as well, but only to a minor extent, the 
main route yields "phenyleoumarones" s. 

Lztndquist et al. 9, i0 iso]ated after acidolytie treatment of spruce milled 
wood lignin among various other products 2,4'-dihydroxy-3,3'-dimethoxy-5- 
(3-hydroxy-2-propanone)- and 4,4'-dihydroxy-3,3'-dimethoxy-stilbene. The 
latter compound originates from 1,2-diaryl-propane-l,3-diol structures, 
which are converted to p,p'-dihydroxystilbenes in alkaline I, 11 as wel] as 
in acidic medium as was shown by use of model experiments. This reaction 
occurred during the aeidolysis of spruce lignin according to Adler et M. s. 
4,4'-Dihydroxy-3,3'-dimethoxystilbene was isolated from sulfite liquor 12, 
also on separation from various other reaction products formed during 
aeidolysis of Bj6rkman lignin 9. I t  was obtained by alkaline treatment of 
various species of wood 13, 14 and its presence in kraft liquor 15 and in kraft 
lignin 3 was proved. 

The configuration of the stilbenes formed during kraft cook of phenyl- 
eoumaran units or 1,2-diaryl-propane-l,3-diols was determined by means 
of spectroscopic methods 1, a, 6. I t  was shown that the stilbenes possess 
trans configuration. 

Worthy of note are the reaction possibilities of stilbenes, o,p'-Di- 
hydroxystilbenes are partially oxidized to phenylcoumarones by oxygen 
in alkaline medium 16 and are doubtlessly not strong potential chromo- 
phoric systems 17, whereas oxidation of p,p'-dihydroxystilbenes results 
in the formation of the intensively colored p,p'-stilbenoquinones. With 
one electron transfer oxidants this reaction seems to proceed stepwise 
via the resonance stabilized semiquinonoid radical 2 which obviously 
represents an intensive color causing chromophore. 

These colored oxidation products can be converted by a suitable 
reduction procedure to the corresponding colorless ]eueo compounds. 
Included in this paper is the conversion of o- and p-quinone, stilbeno- 
quinone, quinone methide, and stable free radicals to uncolored pro- 
ducts by means of a reductive acetylation method. 

l~esu l t s  a n d  D i s c u s s i o n s  

Syntheses o/o,p'- and p,p'-dihydroxystilbenes 

In  general, stilbene syntheses are known from numerous publica- 
tionslS, 19. Syntheses yielding unsymmetrical stilbene products car- 
rying free phenolic hydroxyls in o,p'- and p,p'-positions are unknown, 
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however, with the exception of reports given by Nelson and Wallis 17 
and Gierer et al. ~s at the Tappi Chromophore Symposium, held in 
Raleigh, N. C., 1972. 

The synthetic method applied in this work, which was reported by 
us at the above mentioned meeting in 1972, has also been used by 

Genera.1 reaction scheme of stilbene syntheses 

CH30 Pyridine CH30 OH3CN CH30 

I 

SOC[2 AcO~CH2CI qb3P [ ~ @ 1 o > AcO~jCH2PCb 3 el; 
Benzene CH30 Benzene [CH30 J 

11 III 

Bose [ o | 1 R ~ C I 4 0  
) AcOOCH-P@3 - - - >  

DMF or DMSO I CH30 - J 

R '@CH= CH~)OAc 
QCH 3 

| 

KOB / Et OH 

R 2 R 1 OCH 3 

IV- VI I I  

cis-tmns 
mixture 

IV: RI=R2=R4=H~ R#OH. 
V:  RI=H ; R2=R4=OCH3; 

trens - 
Sti[ bene R3=OH" 

VI: RI=R2=H; R~OH 
R4=OCH 3 . 

VII: RI=OH; R2=OCH3; R3=R4=H. 
VIII: R]=H; R2=4-hydro• 

styryi; R3=OHj R4=OCH 3. 

Reimann 2~ who prepared natural occurring metasubstituted stilbcnes, 
e.g. oxyresveratrol, piceatannol and rhapontigenin. Reima~n used 
phosphonium salts with unprotected free hydroxyl groups which 
yielded the corresponding ylids by the action of strong bases. 

In the ease of ortho- and para-situated hydroxyl groups it was 
essential to protect the phenolic hydroxyls. Otherwise the formation 
of the phenolate anion would have prevented dchydrohalogenation and 
thus the formation of the ylid. Therefore, the ptlenotic aldehydes were 
aeetylated by the acetic anhydridc--pyridine method and consequently 
reduced to the aeetoxybcnzyl alcohol I with sodium borohydride in 
aectonitril. These compounds were converted to the aee~oxybenzyl 
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halides II when treated with thionyl chloride in benzene solution. By 
a treatment with triphenylphosphine the corresponding aeetoxybenzyl 
triphenylphosphonium salts I I I  were obtained. The ylid formation was 
achieved by the action of a proton withdrawing base in DMF or DMSO 
as solvent. Finally, the aeetylated aromatic aldehydes were added to 
perform the Wittig reaction yielding the acetylated stilbenes which were 
saponified afterwards (IV--VIII) .  (Miller and Schuerch 21 tried an 
analogous synthesis, but not with promising results.) 

The single conversions are summarized in the general reaction 
scheme. The experimental details are reported in the experimental 
section. 

Studies on Oxidation o] Stilbenes and the Decoloration 
o/Oxidized Products by Means o] Reductive Acetylation 

The p,p'- and o,p'-dihydroxystilbenes IV- -VII  synthesized by 
Wittig reaction are colorless substances. The same is true for the tri- 
hydroxy-styryl-stilbene VIII  which does not have any para-eonjuga- 
tion. 

Yet these colorless compounds become more or less red colored 
when exposed to air, even in solid state. The stilbenes are converted 
to stilbenoquinones and similar compounds 22. The degree of oxidation 
depends on the nature of the substituents and on the surface area of 
the crystals. Investigations by means of TLC showed, that  even inten- 
sively colored products have been oxidized only to a minor extent. 

l%eductive acetylations of oxidation products of stilbenes and other 
phenolic compounds were undertaken in order to study the problem of 
"color removal" from lignins. Independently from our  work Hayashi2~ 
et al. investigated the effect of reductive acetylation on oxydipheno- 
quinones and soda lignin. The reductive aeetylation with zinc in acetic 
anhydride allows the conversion of o- and p-quinones, diphenoquinones, 
quinone methides and stable oxygen radical structures to colorless 
compounds. The stilbene quinone chromophores are reduced to stil- 
benes by simultaneous stabilization of these structures against reoxida- 
tion by blocking the phenolic hydroxyl groups. 

A comparison of the nmr-spectra and CH analytical data of acety- 
lated (by sodium acetate--acetic anhydride) and reductively aeetylated 
kraft  lignin fractions shows the identical chemical composition of these 
lignin samples within the margin of error of the applied analytical 
methods, though the visible spectra differ remarkably. Thus, it can be 
estimated that  at the utmost 5~o of all the structural units are contri- 
buting to the intensive color of kt-aft lignins. ([msgard, Fatkehag, and 
Kringstad 2a determined the extent  of o-quinonoid structures of spruce 
milled wood lignin to approximately 0.7~o.) 
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Experimental 

Melting points are uncorrected 

Thin-layer Chromatography 

The  react ion products  were inves t iga ted  by  TLC using silicagel HF254+366 
(E. Merck A.G., Darms tad t ) .  As solvent  sys tems benzene- -g lac ia l  acetic 
a c i d - - w a t e r  ( 4 : 2  : 1; organic layer),  b e n z e n e - - e t h y l  ace ta te  (4: 1) or 
CHCls were used. 

Preparative Thin-layer Chromatography 

Prepa ra t ive  TLC was per formed  using silicagel PF~_54+360 (E. ?r A.G., 
Darms tad t ) .  As solvent  sys tem benzene- -g lac ia l  acetic a c i d - - w a t e r  (4 : 2 : 1 ; 
organic layer) was used. The  st i lbenes were ex t rac ted  by  CH~CI~ f rom the  
silicagel under  purif ied N.~. 

Column Chromatography 

Column ch roma tog raphy  was per formed  on silicagel 0.05-0.2 m m  
(E. Merck). CI-IC13 was used as solvent.  The  migra t ion  of st i tbene products  
was followed by  means  of UV- i r rad ia t ion  (366 nm).  E x t e n d e d  exposure 
towards  UV- l igh t  has to be avoided  on account  of convers ion of the stil- 
benes in to  red  undef ined products .  

N M R  Spectrometry 

The nmr  spectra  were recorded on a Var ian  60 Mc spect rometer  using 
T M S  ~s internal  s tandard .  The  n m r - d a t a  are l is ted in Table  2. 

Mass Spectrometry 

The mass spectra  were run  on a Var ian  5~[AT-CI{-7 spec t rometer  a t  
70 and 20 eV. The probe hea te r  was kep t  a t  80 and 100 ~ The spectral  
da t a  are g iven on p. 693. The  exper imenta l  CH-values  of the  synthesized 
st i lbenes and thei r  aceta tes  were in full ag reement  wi th  the calcula ted 
values.  

Syntheses of Starting Materials 

4~-Acetoxy-3-methoxy-benzyl alcohol (I), a h igh viscous colorless oil, 
was prepared  s imilar ly to a m e t h o d  g iven  in the  l i te ra ture  ~1 b y  N a B H 4  
reduct ion of vani l l in  acetate .  D r y  aeetoni t r i l  was used as solvent.  Yield 
92O//o (Mikawa~5: 79%). 

4 -Aee toxy-3-methoxy-benzy l  chloride (II). The  conversion of the  sub- 
s t i tu ted  benzyl  alcohol to I I  was per formed using an equimolar  a m o u n t  of 
SOCI~ ins tead  of excess as repor ted  in l i te ra ture  21. Yield 94~o, m . p .  
44-45 ~ (Mikawa: m. p. 46 47 ~ in con t ra ry  1to the  observa t ion  of ]Vliller 
and Schuereh ~z who did no t  succeed in cryst.allising the  product .  

4 -Aee toxy-3 -me thoxy-benzy l t r ipheny lphosphon ium chloride (III) .  Com- 
pound  I I I  was ob ta ined  f rom react ion of equimolar  amount s  of the  benzyl  
chloride I I  and t r iphenylphosphine  as a whi te  crystal l ine p roduc t  (pre- 
pa ra t ion  similar to Miller and Schuerch:l). Yield  85~o, m . p .  235-237 ~ 
(decomp.) (Miller and Sehuerch repor ted  225 ~ 
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Picrate of I I I :  Preparation according to a method given by Wittig etal.  26, 
m. p. (ethanol--water) : 157-160 ~ 

Cs4I-I2sN3010P. Calc. C 60.99, t t  4.22, N 6.28, P 4.63. 
Found C 61.09, H 4.18, N 6.33, P 4.67. 

A vetytation o] Phenolic Aldehydes 

was carried out by applying conventional methods (pyridine, acetic an- 
hydride). 

Table 3. Reductive Acetylation o/Quinonoid Model Compounds 

Starting material Isolated product 

p -quinone 
quinhydrone 
4,6-di-tert. butyl-3-hydroxy- 

o-benzoquinone 
coerulignone 

o t  ' 3, o -dlmethoxy-p-stHbenoquinone 

2,3",5',6-tetra-tort. butyl- 
4(4'-hydroxybenzylidene)-2,5- 
cyclohexadien-l-one 

1,4-diacotoxy-benzene (m. p. 122 ~ 
1,4-diaeetoxy-benzene (m. p. 122 ~ 
colorless tryst.  (m. p. 156-157 ~ 

4,4'- diaeetoxy - 3,3 ', 5, 5' - tetramethoxy - 
1,1'-biphenyl (m. p. 231-232 ~ 

4,4'-diacetoxy- 3, 3~-dimethoxystilbene 
(m. p. 228-229 ~ 

colorless crystals (m. p. 154-156 ~ 

Syringaldehyde. The preparation was performed following the synthesis 
of 5-formylvanillin according to Pro]It and Krause 27. Thus, 60 g (0.39 mole) 
2,6-dimethoxyphenol, 100 g (0.72 mole) hexamethylene tetramine, 170 ml 
glacial acetic acid, and 170 ml of water were refluxed for 2.5 hrs. 150 ml 
cone. tIC1 were added and boiling was continued for 10 mins. Then the 
mixture was poured onto crushed ice and allowed to stand over night. 
Fil trat ion yielded 39.0g (55%} raw syringaldehyde. The filtrate was 
extracted with NattSOa-solution, the extract washed with CHCla, filtered 
and acidified with 44 ml 50% H2SO4. The mixture was heated on a water 
bath and the formed SO~ was expelled by bubbling air through the solution. 
5.61 g product precipitated on cooling (i. e. 7.90/o). The overall yield of 
purified aldehyde was more than 60% of the theoretical amount,  m . p .  
111-112 ~ (from methano l -  water 10 : 1). 

Stilbene Syntheses 
General Methods 

Method A. A two-necked 250 ml round-bottomed flask is fitted with 
two pressure equalizing dropping funnels and gas inlet and outlet tube, 
thus allowing the protecting gas (Ne) to enter the apparatus via one drop- 
ping funnel and to leave it via the second. 

10 mmoles (4.77 g) phosphonium salt I I I  are placed in the flask and 
dissolved in 120 ml dry D M F  under stirring. The apparatus is flushed for 
0.5 hrs. with oxygen-free N2, then as uspension of 11 mmoles (1.23 g) K tert. 
butylate in 60 ml dry D M F  is added dropwise to the phosphonium salt. 
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The solut ion is s t i r red under  1~2 for 6 hrs., then  the  solution of the  a ldehyde 
componen t  (10 mmoles  in 4 0 m l  dry  D M F )  is added  all a t  once. This 
mix tu re  is s t i rred under  N2 for addi t ional  12 hrs. Then  the  solvent  is 
r emoved  under  v a c u u m  at  a ba th  t empera tu re  of 40 ~ To the  oily residue 
a small a m o u n t  of NaHSO~ is added  in order  to p reven t  f rom oxida t ion  by  
air. The react ion flask is then  f i t ted  wi th  ref lux condenser  and dropping 
funnel.  The la t te r  contains  a solut ion of 2.5 g K O t t  in 40 ml  ethanol .  The  
appara tus  is f lushed wi th  N2 for 0.5 hrs., then  the  ethanolic  K O H  is added 
dropwise to the  oil. Saponif icat ion of the  acetates  is pe r fo rmed  by  ref luxing 
the  mix tu r e  for 15 rains. Af te r  cooling down to room temp.  the  solvent  is 
r emoved  under  vacuum.  The oily residue is dissolved under  gentle warming  
in 300 ml  of wa te r  and ex t rac ted  wi th  3 • 70 ml  benzene*.  The phenolic 
products  (stilbenes) are prec ip i ta ted  by  passing COs into the  red aqueous  
alkaline solution. Af te r  reaching a p i t  = 7 the  raw sti lbene is isolated by  
f i l t ra t ion and dried over  P2Os in vacuum.  The f i l t ra te  is ex t rac ted  wi th  
3 •  50 ml e ther  in order  to separa te  f rom some by-products .  Then  the  
solut ion is acidified to pI-I = 2 wi th  1N-ttC1. I n  mos t  eases some sti lbene 
precipi ta tes  on s tanding.  

Method  B. The appara tus  used is the  same as described for Method  A.  
One dropping funnel  contains  160 ml  d ry  D M F  (or 110 ml  d ry  DMSO), 
the  o ther  is filled wi th  the  suspension of 11 mmoles  (1.23 g) K tert. bu ty la t e  
in the  same solvent .  I0 mmoles  (4.77 g) phosphon ium salt  I I I  and 10 mmoles  
of the  a ldehyde componen t  are in t roduced  in solid s ta te  into the  react ion 
flask and dissolved in D M F  (or DMSO) under  stirring, while n i t rogen is 
passing th rough  the  appara tus .  The  solut ion of K tert. bu ty la t e  is added 
dropwise over  a period of 1.5 hrs. St i r r ing of the  mix tu re  under  N~ is con- 
t inued  over  night.  W o r k  up as g iven under  Method  A. 

Method  C. The  above  described appara tus  is also used for the  fol lowing 
procedure.  One dropping funnel contains  the  solution of 11 mmoles  (1.36 g) 
1,5-diaza-bicyelo[4.3.0]non-5-ene in 20 ml  d ry  D M F ,  the  o ther  is filled wi th  
the  solut ion of 10 mmoles  of the  a ldehyde  componen t  in 4 0 m l  D M F .  
10 mmoles  (4.77 g) phosphon ium salt  I I I  are dissolved in 120 ml  D M F  
under  s t i r r ing and flushing wi th  N2. Af ter  0.5 hrs. the  a ldehyde  is added  
all at  once. Then  the  mix tu re  is hea ted  to 60-70 ~ for 4 hrs. Af te r  cooling 
to room temp.  the  mix tu re  is s t i r red over  night .  Work  up as g iven in 
Method  A. 

Mass Spectra o[ Stilbene~" (or Their Acetates) 

The da ta  l is ted here represent  only a pa r t  of the  respect ive mass spectra.  
Only f ragments  wi th  a re la t ive  in tens i ty  >/ 3 are considered here. 

4 ,4 ' -Dihydroxy-3-methoxys t i lbene  IV. role (Ire1): 243 (26); 242 (M+, 
100); 227(4) ;  211 (3); 210(4) ;  209 (5); 199 (7); 198(3);  181 (30); 17i (4); 
170 (4); 169 (7); 165 (5); 157 (4); 153 (11); 152 (11); 151 (4); 128 (6); 127 (5); 
121 (M++/2; 2, 5); 115 (11). 

4 ,4 ' -Diaee toxy-3 ,3 ' ,5 - t r imethoxys t i lbene  (diaeetate  of V):  387 (4); 386 
(M +, 16); 345 (8); 344 (30); 304 (5); 303 (20); 302 (100); 272 (5); 242 (3); 
241 (3); 227 (3); 226 (3); 198 (3); 181 (3); 155 (3); 127 (3); 115 (4); 43 (20); 
me tas tab le  ions: mfe 307 and 265. 

* The ex t rac t  contains  t r iphenytphosphine  oxide and small  amount s  of 
t r iphenylphosphin  e. 
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4,4'-Dihydroxy-3,3~-dimethoxystilbene VI. 274 (4); 273 (18); 272 (M +, 
100); 257(1); 239 (2); 211 (10); 207 (5); 197 (6); 196(4); 181 (4); 169 (6); 
168 (5); 141 (3); 139 (3); 137 (19); 136 (M++/2, 2, 4); 128 (3); 115 (4); 106 (4); 
105 (3); 91 (6); 77 (5). 

2,4 ' -Dihydroxy-3,3 '-dimethoxysti lbene VII .  274 (3); 273 (19); 272 (M+, 
100); 271 (4); 257 (2); 243 (4); 239 (5); 229 (8); 225(6); 213 (3); 211 (7); 
207 (4); 197 (15); 196 (4); 181 (4); 169 (15); 168 (9); 149 (3); 141 (9); 139 (8); 
131 (6); 129 (3); 128 (7); 127 (3); 115 (8); 77 (8). 

2-Aeetoxy- 1,5-bis (4 ' -acetoxy-3 '-methoxystyryl)-  3-methoxybenzene (tri- 
acetate of VIII ) .  548 (3); 547 (9); 546 (M +, 25); 506 (3); 505 (14); 504 (42); 
464 (3); 463 (17); 462 (57); 461 (8); 422 (6); 421 (27); 420(100); 419 (8); 
418 (3); 267 (5); 210 (10); 151 (11); 137 (8); 43 (86); metastable  ions: m/e 
465, 424, and 382. 

General Procedure ]or Reduet ive  Acety lat ion 

0.2 g of the sample are mixed with 3 ml A c 2 0 .  To this solution (or 
suspension) a few crystals of sodium acetate are added and the whole mix- 
ture is refluxed for 2-3 rains. To the hot  mixture an excessive amount  of 
zinc dust  is added, and heating is continued until  the color has completely 
disappeared. After  cooling to room temp.,  the excess of zinc dust  is filtered 
and washed with acetic acid. The combined filtrates are poured onto 
crushed ice. Crystals are separating after the hydrolysis  of the Ac20 ,  iso- 
la ted by  fi l trat ion and dried. The remaining solution is carefu]ly extracted 
with ether, the ether layer is washed with sa tura ted  :NaHCO3-solution and 
finally with water.  After  drying over Na2SO4 the solvent is removed and 
the residue purified by  disti l lation under vacuum. 

Par t ia l ly  presented at  the Chromophore Seminar of the Technical 
Association of the 1)ulp and Paper  Indus t ry ,  held in l%aleigh, N.C., April  
17-19, 1972. 

The authors sincerely thank Westvaco (U.S.A.) for the financial support  
of this work and Dir. Dr. K .  Ei ter  (Farbenfabriken Bayer  AG, GFR) for 
the gift of 1,5-diaza-bieyelo[4.3.0]non-5-ene. 
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