
 

 

PLEASE SCROLL DOWN FOR ARTICLE

This article was downloaded by:
On: 25 January 2011
Access details: Access Details: Free Access
Publisher Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered office: Mortimer House, 37-
41 Mortimer Street, London W1T 3JH, UK

Journal of Wood Chemistry and Technology
Publication details, including instructions for authors and subscription information:
http://www.informaworld.com/smpp/title~content=t713597282

The “Catalytic” Effect of Anthrone and Anthrahydroquinone in Cleaving
β-Aryl Ether Bonds in Lignin Model Compounds
Kristiina Poppiusa

a Department of Chemistry, University of Helsinki, Helsinki, Finland

To cite this Article Poppius, Kristiina(1985) 'The “Catalytic” Effect of Anthrone and Anthrahydroquinone in Cleaving β-
Aryl Ether Bonds in Lignin Model Compounds', Journal of Wood Chemistry and Technology, 5: 2, 261 — 275
To link to this Article: DOI: 10.1080/02773818508085192
URL: http://dx.doi.org/10.1080/02773818508085192

Full terms and conditions of use: http://www.informaworld.com/terms-and-conditions-of-access.pdf

This article may be used for research, teaching and private study purposes. Any substantial or
systematic reproduction, re-distribution, re-selling, loan or sub-licensing, systematic supply or
distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation that the contents
will be complete or accurate or up to date. The accuracy of any instructions, formulae and drug doses
should be independently verified with primary sources. The publisher shall not be liable for any loss,
actions, claims, proceedings, demand or costs or damages whatsoever or howsoever caused arising directly
or indirectly in connection with or arising out of the use of this material.

http://www.informaworld.com/smpp/title~content=t713597282
http://dx.doi.org/10.1080/02773818508085192
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOURNAL OF WOOD CHEMISTRY AND TECHNOLOGY, 5 (21, 261-27s (1985) 

THE "CATALYTIC" EFFECT OF ANTHRONE AND ANTHRAFIYDROQUINONE 
IN CLEAVING O-ARYL ETHER BONDS IN LIGNIN MODEL COMPOUNDS. 

Kristiina Poppius 

Department of Chemistry, University of Helsinki, 

Vuorikatu 20, SF-00100 Helsinki LO, Finland 

ABSTRACT 

To elucidate the mechanism of anthrone-promoted p -ether 
cleavage reactions, the phenolic lignin model compound 1, 1-(4-hy- 
droxy-3-methoxyphenyl)-2-(2lnethoxyphenoxy)-l-propanol, was heated 
with 0.1 mole of anthrone ( A N )  or anthrahydroquinone (AKQ) at 
140 OC for 112, I ,  2, 3 and 5 hours in 1 1.1 sodium hydroxide 
solution. The cleavage products [2-methoxyphenol and (2-meth- 
oxy-4-propeny1)phenolJ were the same as in experiments with 
equimolar amounts or excess of AN and the yields increased as a 
function of reaction time to a maximum corresponding to the 
cleavage of four to five moles of & per one mole of AN. AHQ was 
found to react in a similar manner. This "catalytic" effect is 
tentatively attributed to sequential transformations of AN and AHQ 
to products capable of causing further reductive cleavages. GC-1% 
analysis of the reaction mixture shoved the presence of by-products 
which indicate that some catalyst regeneration through oxidation of 
- 1 or its hydrolysis products may have occured. 1-Hydroxyanthrone 
had a similar "catalytic" effect in cleaving p-ether bonds, but 
glucose did not. 

INTRODUCTION 

The accelerating effect of anthraquinone (AQ) in alkaline 

delfgnification reactions has been attributed to its reduced 1-3 

26 1 
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262 POPPIUS 

form, mainly anthrahydroquinone (AHQ), which is able to f o m  

adducts with the reactive lignin quinone methides and cause the 

cleavage of p-ether bonds in lignin. 

In the course of a study on the disappearance of AQ in pulping 

conditions, we found that anthrone (AN), also formed from AQ in 

pulping  condition^,^'^ cleaves p-ether bonds in a reaction 

resembling that of AHQ. In a previous paper7 we compared the 

amounts of cleavage products obtained on heating an adduct"' of AN 

and the quinone methide from 1, 1-(4-hydroxy-3-methoxyphen- 

yl)-2-(2-methoxyphenoxy)-l-propanol, with those obtained on heating 

- 1 with AN under the same conditions. The results suggested that 

there may be a pathway for the /-ether cleavage reaction that does 

not involve the formation of an adduct. 

4 

The present work was undertaken to gain further insight i n t o  

the AN-acrelerated P-ether cleavage reaction and to elucidate the 

obscure stoichiometry. The reaction was studied using only 0.1 

mole of AN. In addition, the effects of AHQ, 1-hydroxyanthrone and 

glucose were studied. The main cleavage products were determined 

by CC. Most of the volatile by-products were identified by GC-MS. 

RESULTS 

" Ca t aly t i c ** E f f e c t of Ant hr one. 

Model compound 1 was heated at 140 OC with 0.1 mole of AN 2 in 
sodium hydroxide - dioxane solution for 1/2, 1, 2, 3 and 5 hours. 

It can be seen from Figure 1 that the liberated amounts of guaiacol 

(2-methoxyphenol) 2 and trans -isoeugenol [(2-methoxy-4-propenyl)- 

phenol] 4 At 
all times the formation of 2 was faster than the formation of 4. 

After 2 hours reaction time the formation of both products became 

slower, and after 5 hours 2 was obtained in 76 % yield and 4 in 

52 % yield. These yields are much higher than could be expected on 

the assumption that one mole of AN cleaves one mole of 1. 

(Scheme 1) increased as a function of reaction time. 

- 

- 
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EFFECT OF ANTHRONE 263 

0.1 2 mol 
140 5 'C h Q * d  HjCO I OCH3 
NaOH 

or OCHI 

HjCO 
OH OH on 

3 4 
1 0  1 mol & \ \  0.8 rnol 0.5 mol 

OH 
5 

0.1 mol 

H$" 

SCHEME 1 

An a d d i t i v e  l e v e l  of 0.1 mole could o n l y  g i v e  a 10 X maximum y i e l d  

i n c r e a s e  of degrada t ion  products  over  t h a t  of t h e  c o n t r o l  i f  t h e  

s to ich lometry  is 1:l. Comparison with t h e  amounts of 2 and 4 
obta ined  I n  c o n t r o l  experiments  without  any a d d i t i v e  (F igure  1, 

37 X and 2 Z, r e s p e c t i v e l y )  r e v e a l s  a d i f f e r e n c e  of  40 % 

(76 % - 37 X )  i n  t h e  y i e l d  of 3 and a d i f f e r e n c e  of 50 4 

(52 % - 2 X ) i n  t h e  y i e l d  of 5, i n d i c a t i n g  t h a t  one mole of AN 

c l e a v e s  4-5 moles of 1. 

" C a t a l y t i c "  E f f e c t  of Anthrahydroquinone. 

Although t h e  mechanism of AHQ- a c c e l e r a t e d  P-ether  c leavage  

r e a c t i o n s  seems t o  be w e l l  u n d e r s t o ~ d , ~ # ~ , ~ ~  it w a s  of i n t e r e s t  t o  

determine i f  AHQ 5 has a simllar " c a t a l y t i c "  e f f e c t  t o  AN i n  

c l e a v i n g  P-e ther  bonds. Compound 1 w a s  heated wi th  0.1 mole of AHQ 

under t h e  same c o n d i t i o n s  a8 used f o r  t h e  r e a c t i o n  of L w i t h  AN. 

A t  t h e  beginning of t h e  r e a c t i o n  t h e  r e l e a s e d  amounts of 2 and 4 
were s l i g h t l y  lower than i n  t h e  AN r e a c t i o n ,  but  a f t e r  5 hours  

r e a c t i o n  time they  were t h e  same (Figure  1). S i m i l a r l y  as i n  t h e  

case of AN, one mole of AHQ cleaved 4-5 moles of 1. 
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80- 

POPPIUS 

o Guaiacol 

o trans- rsoeugenol 

FIGURE 1. Yields of guaiacol and trans-isoeugenol on treatment of 
1 in 1 M NaOH solution (10 % dioxane) with 0.1 mole of anthrone 
(- ), anthrahydroquinone (----.+I and without any additive 
(-- - -1 at 140 OC . 
- 

"Catalytic" Effect of 1-Hydroxyanthrone. 

To test If hydroxylated anthrones could enhance p-ether 

cleavage reactions, 1 was heated vith 0.1 mole of 1-hydroxyanthrone 

6 at 140 OC under the chosen conditions. 6 was chosen because it 

was easily prepared Prom the commercial 1-hydroxyanthraquinone. 

From the yields of 2 and 4 (Figure 2) it can be seen that 5, too, 
accelerated the p-ether cleavage reaction, though less so than AN 
or AHQ. One mole of 1-hydroxyanthrone cleaved approximately 2.5 
moles of 1 (based on the yields of both 2 and k) more than was 
cleaved in the control. The results show that hydroxylated 

anthrones have a "catalytic" effect in the cleavage of p-ether 
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EFFECT OF ANTHRONE 265 

Yleld. % 

o Guolacol 
0 r r m s  -1soeugenol 

60 - 

LO - 

20 - 

1 2 3 c 5 
Reaction time. h 

FIGUXE 2 .  Yields of guaiacol  and trans-isoeugenol on treatment of 
- 1 i n  1 M NaOll s o l u t i o n  (10 X dioxane) with 0.1 mole of l-hydrox- 
yanthrone at  140 OC . 

bonds and nay play a r o l e  in AN- promoted /I-ether cleavage 

reactions.  

Effect  of Glucose. 

Recent s t u d i e s  have shoal  that certa in  organometallic 

complexes'' and reducing sugars, l2 s tructural ly  very d i f f e r e n t  from 

A Q ,  can serve as c a t a l y s t s  for  a lkal ine  d e l i g n i f i c a t i o n .  To 
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266 POPPIUS 

Yield, % 

0 Guaiacol 
a trans - Isoeugenol 

LO - 

20 - 

n U 

_ - _ _ _ _ _ _ _ _ - -  n - - - - - - - - -  -0- , I 1 1 -  

1 2 3 L 5 
Reactton time. h 

FIGURE 3. Yie lds  of gua iacol  and t rans- isoeugenol  on t reatment  of 
- 1 i n  1 i l  NaOH s o l u t i o n  (10 % dioxane)  with 1.15 rcole of g lucose  
(-) and wi thout  g lucose  (-- - -) a t  140 OC . 

c.ompare t h e  e f f e c t  of g lucose  w i t h  t h a t  of AN and AHQ, 1 was hea ted  

with 0.1 mle  of g lucose  a t  140 OC f o r  1 and 3 hours in sodium 

hydroxide - dioxane s o l u t i o n  under n i t r o g e n .  The obta ined  amounts 

of 2 and 4 were e q u a l  t o  t h o s e  i n  c o n t r o l  experiments .  When 1 w a s  

heated wi th  1.15 mole of &luc.ose a t  140 OC f o r  1, 3 and 5 hours  

under t h e  same c o n d i t i o n s ,  t h e  p - e t h e r  c leavage r e a c t i o n  w a s  

enhanced t o  some e x t e n t  r e l a t i v e  t o  t h e  c o n t r o l  (F igure  3) .  This  

is i n  agreement with Ful le r ton ' s  observat ion."  However, as s110m 

i n  Figure 3 ,  t h e  amounts of 2 and k l i b e r a t e d  were very much lower 

than t h e  amounts l i b e r a t e d  by AHQ or AN when these  were u s e d  i n  

amounts of on ly  0.1 mole (F igure  1 ) .  
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EFFECT OF ANTHRONE 267 

P roduc t  A n a l y s i s  

I n  an  e f f o r t  t o  f i n d  p r o d u c t s  d e r i v e d  from AN, L was h e a t e d  

w i t h  l a r g e r  amounts of AN (1.15 moles )  a t  140 OC in 1 M sodium 

hydroxide s o l u t i o n  f o r  1 hour .  It was obse rved  t h a t  chang ing  t h e  

AN level  from 0.1 t o  1.15 moles d i d  n o t  change t h e  p r o d u c t  

d i s t r i b u t i o n  s i g n i f i c a n t l y  ( G C ) .  Two g a s  chromatograms ( o b t a i n e d  

w i t h  two columns of d i f f e r e n t  p o l a r i t y )  of t h e  v o l a t i l e  components 

( a s  t h e i r  a c e t a t e s )  of t h e  r e a c t i o n  m i x t u r e  are p r e s e n t e d  in 

F i g u r e  4 .  Conpounds 2 (78  % ) ,  5 (57 %),  v a n i l l i n  (4-hydrox- 

y-3-methoxybenzaldehyde) 1. ( 3  X ) ,  AQ (4  X of t h e  or iginal  amount of 

AN) and AN (22 % l e f t  of t h e  o r i g i n a l  amount of AN)  were de te rmined  

as t h e i r  a c - e t a t e s .  Guaiacylac.etone [1-(4-hydroxy-3-rnethoxyphen- 

yl)-2-propanone]  8, l-(4-hydroxy-3-methoxyphenyl)-1-propanol 9 and 

l-(4-liydroxy-3-methoxyphenyl)-2-(2-methoxyphenoxy)-l-propanone lo 
were i d e n t i f i e d  i n  t h e  r e a c t i o n  m i x t u r e  ( a s  t h e i r  a c e t a t e s )  by 

i n j e c t i n g  the m i x t u r e  and a r e f e r e n c e  sample a t  t h e  same t i m e  and 

o b s e r v i n g  t h e  o v e r l a p p i n g  of t h e  peaks. 

7 8 9 10 

OCH, Ocn, 
OH 

11 12 

Mass s p e c t r a  w e r e  a l so  o b t a i n e d  o f  t h e  peaks  of t h e  components and 

compared wi th  s p e c t r a  r e c o r d e d  f o r  t h e  r e f e r e n c e  compounds o r  w i th  

s p e c t r a  r e p o r t e d  in t h e  l i t e r a t u r e .  Compound 8 has  been found also 
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268 POPPIUS 

i n  soda cook ing  c o n d i t i o i i s . 1 3  Compound lo i s  an o x i d a t i o n  p r o d u c t  

of t h e  s t a r t i n g  material 1. 
As c a n  be seen from t h e  chromatograms ( F i g u r e  4 )  t h e r e  are  

o n l y  minor u n i d e n t i f i e d  v o l a t i l e  components i n  t h e  m i x t u r e .  

T e n t a t i v e l y  peak 2 (M 208) couId  be h o n o v a n i l l i n  11 and peak k 

(M' 3 2 5 )  In soda  

cook ing  c o n d i t i o n s 1 3  t h e  amounts of e n o l  e t h e r  exceeds  t h e  / $ - e t h e r  

c l e a v a g e  p r o d u c t s .  Homovan i l l i n  and 2 were no t  a v a i l a b l e  as 

r e f e r e n c e  materials. B e s i d e s  AQ, t h e  o n l y  v o l a t i l e  o x i d a t i o n  

p roduc t  of  AN found w a s  a n t h r a h y d r o q u i n o n e .  T h i s  w a s  e l u t e d  from 

t h e  columns e i t h e r  w i t h  a c e t y l a t e d  1 (Chromatogram A)  o r  w i t h  

a c e t y l a t e d  lo (Chromatogram B ) .  The i d e n t i f i c a t i o n  of AHq i n  t h e  

r e a c t i o n  m i x t u r e  was based on t h e  m o l e c u l a r  i o n  0 1  2 9 4 )  of i t s  

a c e t a t e ,  found t o g e t h e r  w i t h  t h e  m o l e c u l a r  i o n  of t h e  a c e t a t e  of 

(bi 3 4 4 )  i n  t h e  mass spec t rum of  peak 1. However, t h e  amounts of  

AHQ are n e g l i g i b l e  as e s t i m a t e d  from peak 1. 

+ - 
c o u l d  be e n o l  e t h e r  12 ( b o t h  as t h e i r  a c e t a t e s ) .  

+ 

+ 

TLC r e v e a l e d  t h e r e  t o  be s e v e r a l  n o n v o l a t i l e  components i n  t h e  

r e a c t i o n  m i x t u r e .  The m i x t u r e  was chrornatographed s e v e r a l  times on 

s i l i c a  d r y  column and by t h i c k - l a y e r  ch road tography .  Apart  from 

1 0 , 1 0 ' - b i a n t h r o l ,  no f u r t h e r  AN-derived p r o d u c t s  were o b t a i n e d  in 

pure form and i n  such amounts t h a t  t hey  cou ld  b e  i d e n t i f i e d .  No 

p roduc t  t h a t  would e x p l a i n  t h e  " c a t a l y t i c "  e f f e c t  of AN w a s  found .  

DISCUSSION 

The ' s i m p l e  a d d u c t  mechanism proposed"' f o r  t h e  /3 - e t h e r  

c l e a v a g e  caused  by r educed  AQ s p e c i e s  such  as AHQ and AN does  n o t  

e x p l a i n  t h e  s t o i c h i o m e t r y  of  t h e  r e a c t i o n s  obse rved  i n  t h e s e  

e x p e r i m e n t s .  In t h e  c a s e  of  MlQ t h i s  mechanisn assumes a comple t e  

o x i d a t i o n  o f  AHQ t o  AQ. This  AQ, by o x i d i z i n g  b e n z y l i c  a l c o h o l  

g roups  t o  t h e  c o r r e s p o n d i n g  k e t o n e s ,  is known t o  accelerate t h e  

c l e a v a g e  of P - e t h e r  bonds.  l 4 ' l 5  T h i s  type  of r e a c t i o n  does  not  

e x p l a i n  t h e  f o r m a t i o n  of which is t h e  product  of a r e d u c t i v e  
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EFFECT OF ANTHRONE 269 

I r 1 

0 10 20 mln 

F I G U E  4 .  G a s  chromatograms (A:  column O V - 1 7 0 1 ,  B:  column SE-54) 
of t h e  a c e t y l a t e d  products  ob ta ined  on h e a t i n g  1 i n  1 M NaOH 
s o l u t i o n  w i t h  1.15 mole of an throne  a t  140' C f o r  1 h under 
n i t r o g e n .  Peak  assignments:  a (2) ; b ( i n t e r n a l  s t a n d a r d ,  
methyl a n i s a t e ) ;  c (I); d ( c i s - 4 ) ;  e ( t r a n s - 4 ) ;  f (8); g (11); 
h (9) ;  i ( A Q ) ;  j ( A N ) ;  k (12); 1 (AHQ + lo); m,n ( e r y t h r o - l  + 
t h r e o - l ) ;  o (10); p,q ( e r y t h r o - l +  threo-1 + AHQ).  

s p l i t t i n g .  The o r i g i n  of the  e l e c t r o n s  needed f o r  the  reduct ive  

s p l i t t i n g  is not  known a t  p r e s e n t .  The " c a t a l y t i c "  e f f e c t  observed 

points t o  a combination of mechanisms. It could be a t t r i b u t e d  t o  

s u c c e s s i v e  c leavage  r e a c t i o n s  caused by o x i d a t i o n  or o t h e r  r e a c t i o n  

products  of AN and AHQ to products  capable  of c l e a v i n g  f u r t h e r  

P-ether  bonds. The r e s u l t s  show t h a t  hydroxylated anthrones a l s o  

have " c a t a l y t i c "  e f f e c t  i n  t h e  cleavage of p-e ther  bonds and may 

p l a y  a r o l e  i n  AN-promoted p-ether  c leavage  r e a c t i o n s .  However, 

t h e  l e v e l s  of o x i d a t i o n  products  of hi were found t o  be low or 

nonexis tan t  i n  t h e  product mixture .  Another explana t ion  i s  t h a t  

AN- and AN. 16*17  forms (anion and r a d i c a l  forms of A N )  a r e  

i n t e r c o n v e r t i n g  through r e a c t i o n s  wi th  dioxane used as s o l v e n t .  
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270 P O P P I U S  

This possibility is exc.luded, because the yields of 2 and k were 

the saue in experiments with dioxane and without dioxane 

(Experimental). Oxidation level of the by-products ( I ,  2, lo and 

- 11) indicate that some catalyst regeneration through oxidation of 1 
o r  its hydrolysis products may have occured, although the amounts 

are insufficient to account for the observed "catalysis". 

EXPEKIMENTAL 

'H NMR spectra were recorded on a Jeol JNM-PNX 60 spectrometer. 

INass spectra were obtained with a Jeol JMS-OlSG-2 instrument. The 

samples were introduced by direct inlet probe or through a gas 

chromatograph. All acetylations were perforned with a mixture of 

dry acetic anhydride and pyridine (1:l). 

Gas Chromatography (GC). The gas chroinatographic studies were 

carried out on a ilicromat HRGC 412 instrument equipped with two 

flai,ie ionization detectors. The fused s i l i c a  columns (Orion 

Analytica) were coated with liquid phases SL-54 ( 1 5  1.1, film 

thickness 0.15 pm or 25 m, film thickness 0.25 p m )  and OV-1701 
(23 m or 25 m, film thickness 0.15 ,urn and 0.25 put. respectively). 

Diameter of all columns was 0.32fO.44 m. Columns were connected 

in pairs to the same injector and to separate detectors. Carrier 

gas: nitrogen, splitless time 30 s .  Injector 270 OC; detector 

280 OC; temperature program 50-270 OC or 100-270 OC, 15 'Cfmin and 

7 min at 270 OC. The instrument uas micxocomputer-controlled with 

two-channel integration and printing software. 

Starting materials and reference compounds. For preparation and 

spectral data of 1-(4-hydroxy-3-methoxypheny1)-2-(2-methoxyphenox- 

y)-1-propanol 1, its diacetate and anthrol acetate see ref. 7 and 

references therein. 

1-Hydroxyanthrone 

refluxing 1-hydroxyanthraquinone (Aldrich Chemical Co.) with SnCl 

[l-Hydroxy-9(10H)anthracenone] 5 was obtained by 
2 
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EFFECT OF ANTHRONE 271 

in conc. HC1. ‘H NMK ( C D C 1 3 ) :  6 4.26 ( 2  H, s, CH2), 6.77-7.00 

( 2  H, m, ArH), 7.31-7.80 (4 H, m, ArH), 8.20-8.46 (1 H, m, ArH), 

13.00 (1 H, bs, OH, hydrogen bonding). MS [75 eV; m/e ( %  rel. 

int.)]: 210 (M , 88.5),  182 (17.5). 181 (39.1), 153 (17.5). 152 

(44.5), 105 ( 2 0 . 2 ) ,  92 (21.6), 77 (23.6), 76 (100.0). 

+ 

1-(4-Hydroxy-3-methoxypheny1)-2-propanone g- l9 The mass spectrum 

was in accordance with literature values.20 ‘H NMR of the acetate 

of 8 (CDC13): 6 2.14 (3 €1, s, CH3), 2.30 (3 H, s, COCH3), 3.64 

(2 H, s, CH2), 3.80 (3 H, s, 9CH3), 6.70-7.13 (3 H, ru, Art[). 

1-( 4-Hydroxy-3-methoxyphenyl)-l-propanol 9. 21 MS [ 75 eV ( X  rel. 

int.)]: 182 (N+, 22.3), 164 (43.5), 153 (100.0), 149 (20.1), 125 

(24.5), 93 (58.6). 77 (12.4), 65 (21.4). 

l-(4-Hydroxy-3-methoxyphenyl)-2-(2-methoxyphenoxy)-l-pro~anone - 10 
was obtained by debenzy1ating2’ l-(4-benzyloxy-3-methoxyphenyl)-2- 

(2-methoxyphenoxy)-1-propanone obtained by an earlier described 

method. 23 The ‘H NMR and i s  spectra were in acxordance with the 

literature values. 24 

Cooking of 1 with 0.1 moles of anthrone, anthrahydroquinone or 1 - 
hydroxyanthrone. Anthrahydroquinone was generated from the stable 

diacetateZ5 in the reaction mixture. The cookings were run with 1 

(25.0 utg, 0.0822 mnol), anthrone (1.6 ny, 0.00824 nmol) or anthra- 

hydroquinone diacetate (2.4 mg, 0.00616 mol) or 1-hydroxyanthrone 

(1.7 mg, 0.00810 mol) dissolved in peroxide-free dioxane (1.0 ml), 

2 M sodium hydroxide (5.0 ml) and water (4.0 ml) i n  Pyrex glass 

ampoules. Only 10 9: of dioxane was used in order to prevent phase 
separations. 26s27 Before being sealed, the ampoules were evacuated 

and flushed with oxygen-free nitrogen three times. 

- 

The ampoules were heated in an oil bath at 140 OC for 112, 1, 

2, 3 and 5 h. A warm-up time of 2 min was not included in the tine 

at temperature. After cooling for 3 min at room temperature and 

then in cold water, the alkaline mixture was quickly neutralized 
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w i t h  d i l u t e  a c e t i c  a c i d  and e x t r a c t e d  w i t h  methylene c h l o r i d e  

(5  x 2 ml) a v o i d i n g  a l l  b u t  minimal  e x p o s u r e  t o  air. The combined 

methylene c h l o r i d e  l a y e r s  were immedia t e ly  t r a n s f e r r e d  t o  t h e  

a c e t y l a t i o n  m i x t u r e  ( a c e t i c  a n h y d r i d e  - p y r i d i n e ,  in e x c e s s ) .  The 

i n t e r n a l  s t a n d a r d ,  me thy l  a n i s a t e ,  was added and GC a n a l y s i s  was 

performed d i r e c t l y  from t h e  a c e t y l a t i o n  m i x t u r e .  

Cooking of  1 w i t h  0.1 mole of  a n t h r o n e  i n  1 M sodium hydrox ide  

s o l u t i o n  ( w i t h o u t  d i o x a n e )  was c a r r i e d  o u t  a t  140 OC for 3 h. 

Cookings o f  1 w i t h  g l u c o s e .  Compound L(25.0 m g ,  0.0822 mol) was 

h e a t e d  a t  140 OC wi th  g l u c o s e  (17.0 nu;, 0.0944 nnnol o r  1.5 mg, 

0.00833 mol) in perox ide - f r ee  d i o x a n e  (1.0 ml), 2 kl sodium hydrox- 

i d e  (5 .0  m l )  and water (4.0 wl) under  n i t r o g e n  a tmosphe re .  The 

r e a c t i o n  times were 1, 3 and 5 h w i t h  1.15 moles of glucose and 1 

and 3 h w i t h  0.1 mole of g l u c o s e .  

Cookings w i t h o u t  any a d d i t i v e s  ( c o n t r o l s )  were c a r r i e d  o u t  a t  

140 OC Eor 1, 3 and 5 h. 

Recovery tests were run' w i t h  1.15 u o l e s  of AN. The l o s s e s  of 

g u a i a c o l  ( 4 . 0  Z )  and t r a n s - i s o e u g e n o l  (6 .8  X )  i n  cooking anu 

a r e t y l a t i o n  p r o c e s s e s  were n o t  t a k e n  i n t o  a c c o u n t  when c a l c u l a t i n g  

t h e  r e s u l t s .  

P r o d u c t  a n a l y s i s .  Compound L ( l . 0  6 ,  3 .289  x 10 -3 m o l )  was h e a t e d  

a t  m o l )  i n  1 M 

sodium h y d r o x i d e  (70 ml) under  n i t r o g e n  a tmosphe re .  E e f o r e  i t  was 

c l o s e d  , t h e  s t a i n l e s s  s teel  a u t o c l a v e  had been a l t e r n a t i v e l y  

e v a c u a t e d  and f l u s h e d  w i t h  oxygen-free n i t r o g e n  t h r e e  times. A f t e r  

c o o l i n g  i n  c o l d  water, t h e  a l k a l i n e  m i x t u r e  w a s  q u i c k l y  n e u t r a l i z e d  

w i t h  d i l u t e  a c e t i c  a c i d  and e x t r a c t e d  w i t h  roethylene c h l o r i d e  

( 6  x 25 ml) under  n i t r o g e n  a tmosphe re .  A c e t y l a t i o n  of t h e  p r o d u c t s  

was c a r r i e d  o u t  immedia t e ly ,  i n  t h e  methylene c h l o r i d e  s o l u t i o n ,  

unde r  n i t r o g e n .  A f t e r  t h e  u s u a l  work-up, t h e  methylene c h l o r i d e  

140 O C  for 1 h wi th  a n t h r o n e  (0 .734  8 ,  3 . 7 8 3  x 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
3
3
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



EFFECT OF ANTHRONE 273 

s o l u t i o n  of t h e  p r o d u c t s  was made up t o  100 m l ,  an a p p r o p r i a t e  

a l i q u o t  was withdrawn,  t h e  i n t e r n a l  s t a n d a r d  w a s  added and t h e  

p r o d u c t s  forming v o l a t i l e  acetates were a n a l y z e d  by GC and CC+iS. 

From t h e  rest of t h e  methylene c h l o r i d e  s o l u t i o n  of  t h e  

p r o d u c t s ,  t h e  s o l v e n t s  were removed in vacuo. The o i l y ,  r e d d i s h  

brown r e s i d u a l  (2.205 g) was chromatographed on a s i l i c a  d r y  column 

(Woelm Pharma GmbH & Co; hexane-chloroform,  1 : 3 ) .  I n  a l l  44 

f r a c t i o n s  were c o l l e c t e d .  According t o  TLC and GC, f r a c t i o n s  1-19 

(A, 1.452 g) c o n s i s t e d  of AQ and t h e  acetates of AN, 2, 4 and 

1 0 , 1 0 ’ - b i a n t h r o l  ( i d e n t i f i e d  by TLC and ‘H N K R ) .  According t o  GC, 

fractioris 20-44 ( B ,  0.549 g )  c o n s i s t e d  o f  t h e  acetates o f  L, 1, 8, 
- 9 ,  lo and p o s s i b l y  of AKQ. In a d d i t i o n ,  TLC r e v e a l e d  s e v e r a l  

u n i d e n t i f i e d  components.  F r a c t i o n  C (0.181 g), o b v i o u s l y  

p o l y u e r i c ,  was o b t a i n e d  w i t h  methanol .  When f r a c t i o n  B (U.409 g )  

was rechromatographed on a s i l i c a  d r y  column (cyc lohexane  - e t h y l  

acetate  - c h l o r o f o r m ,  4 : 1 : 2 ) ,  32 f r a c t i o n s  were c o l l e c t e d ,  each  of 

them c o n s i s t i n g  of  s e v e r a l  components,  unknown components as w e l l  

as t h e  i d e n t i f i e d  ones .  Each of t h e  f r a c t i o n s  was f u r t h e r  

chromatographed by t h i c k - l a y e r  chromatography,  b u t  none of  t h e  

u n i d e n t i f i e d  components c o u l d  be o b t a i n e d  i n  pu re  form and i n  an 

aiaount s u f f i c i e n t  t o  be i d e n t i € i e d .  
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