
 

 

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

On the Palladium-On-Charcoal Disproportionate of Rosin
Zhan-Qian Songa; Eugene Zavarinb; Duane F. Zinkelc

a Research Institute of Chemical Processing and Utilization of Forest Products Chinese Academy of
Forestry Nanjing, The People's Republic of China b Forest Products Laboratory University of
California, Richmond, California c U.S.D.A. Forest Products Laboratory, Madison, Wisconsin

To cite this Article Song, Zhan-Qian , Zavarin, Eugene and Zinkel, Duane F.(1985) 'On the Palladium-On-Charcoal
Disproportionate of Rosin', Journal of Wood Chemistry and Technology, 5: 4, 535 — 542
To link to this Article: DOI: 10.1080/02773818508085210
URL: http://dx.doi.org/10.1080/02773818508085210

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/10.1080/02773818508085210
http://www.informaworld.com/terms-and-conditions-of-access.pdf


JOllRNAL OF WOOD CHEMISTRY AND 'TECHNOLOGY, 5(4), 535-542 (1985) 

ON THE PALLADIUM-ON-CHARCOAL DISPROPORTIONATION OF ROSIN 

Zhan-Qi an Song 
Research Ins t i tu te  of Chemical Processing 

and Util ization of Forest Products 
Chinese Academy of Forestry 

Nanjing, the People's Republic of China 

Eugene Zavarin* 
Forest Products Laboratory 
University of California 

Richmond, California 

Duane F. Zinkel 
U.S.D.A. Forest Products Laboratory 

Madison, Wisconsin 

ABSTRACT 

Changes in the composition of gum rosin during disproportionation 
i n  the presence o f  5% palladiumon-charcoal have been determined by 
gas chramatography. The principal reaction product was dehydro- 
ab ie t ic  acid. The exocyclic vinyl group of the pimaric/isopimaric- 
type resin acids was hydrogenated completely. Only a small amount 
o f  dihydroabietic acids was formed. Eight dihydro resin acids were 
identified.  No tetrahydro resin acids were observed. 

*To whom requests for  reprints should be addressed. 

535 

Copyright 0 1985 by Marcel Dekker, Inc. 0277-38 13/85/0504-0535$3.50/0 

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



536 

INTRODUCTION 
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Disproportionated ros ins  a r e  used i n d u s t r i a l l y  a s  emuls i f ie rs  
i n  the production of syn the t i c  rubber, a s  compounding ingredien ts  
f o r  rubber,  and a s  raw ma te r i a l s  for manufacture of syn the t i c  res- 
ins.  The advantage they o f f e r  i s  connected w i t h  increased resis- 
tance t o  autoxidation. Dehydroabietic a c i d ,  the main cons t i t uen t  
of the d ispropor t iona ted  ros in ,  i s  a l s o  of po ten t ia l  value i n  the 
pharmaceutical For example, a transformation of de- 
hydroab ie ton i t r i l e  i n t o  C-aryl-18-norsteroid i n  12% ove ra l l  y i e ld  
has r ecen t ly  been reported. 4 

Disproportionation of ros in  is  genera l ly  understood a s  an ex- 
change of hydrogen between molecules of r e s i n  ac ids ,  whereby some 
re s in  ac ids  a r e  dehydrogenated and the o the r s  hydrogenated. 
temperatures between 250” and 275°C the  r eac t ion  takes place slowly; 
addi t ion  of a ca t a lys t5  l ike s t rong  mineral ac ids ,  iodine,  s u l f u r ,  
s u l f u r  d ioxide ,  selenium, Raney nickel o r  noble metals on charcoal 
o r  even pure charcoal increases  the r eac t ion  r a t e .  

A t  

Several i nves t iga t ions  have been made of the transformations 
o f  individual component r e s in  ac ids  during ros in  disproportiona- 
t i  on. 6-11 Fleck and P a l k i r ~ ~ ’ ~  reported t h a t  d i spropor t iona t ion  of 
a b i e t i c  ac id  w i t h  Pd-C a t  225°C resulted i n  the formation of dehy- 
d r o a b i e t i c  and d ihydroabie t ic  ac ids  and small amounts of te t rahy-  
d roab ie t i c  ac id ;  a t  275°C the  pr inc ipa l  r eac t ion  product was dehy- 
d r o a b i e t i c  acid.  La ter ,  Loeblich and Lawrence reported” t h a t  Pd-C 
d ispropor t iona t ion  o f  gum ros in  a t  210°C gave 65% of dehydroabietic 
a c i d ,  20.4% o f  a mixture of dihydroresin ac ids ,  5.0% of tetrahydro- 
resin ac ids  and 7.6% o f  unident i f ied  ac ids .  
i n  the l i t e r a t u r e  on the  composition of the dihydro- and te t rahydro  
r e s i n  ac ids  of d i spropor t iona ted  ros in  was a s h o r t  statement (no 
experimental d e t a i l s  given) by Enos e t  a1.l‘ They s t a t e d  t h a t  d i s -  
p ropor t iona t ion  of ros in  a t  270°C r e s u l t s  i n  formation of dehydro- 

The only information 
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DISPROPORTIONATION OF ROSIN 537 

a b i e t i c  ac id  a s  the main product w i t h  the removed hydrogen pa r t ly  
used i n  hydrogenation of the exocyclic vinyl group of t h e  pimaricl 
isopimaric-type ac ids ;  dihydroabietic ac ids  amounted t o  only 2-3% 
and no t e t r ahydroab ie t i c  ac ids  were found. 

The purpose of our work was t o  obtain more de t a i l ed  informa- 
t i on  on the r a t e  of disproportionation of ros in  with Pd-C and the  
changes t h a t  occur in  resin ac id  composition. 

EXPERIMENTAL 
In a typ ica l  disproportionation experiment 50 g of gum rosin 

was heated under nitrogen ( e l ec t r i ca l  heating mantel) in a 100 ml 
th ree  neck round bottom f l a s k  equipped w i t h  mechanical s t irrer,  
thermometer, and automatic temperature con t ro l l e r .  The 5% Pd-C 
c a t a l y s t  was added when temperature reached 230°C ( a f t e r  about 5 
minutes). The  reac t ion  time was ca lcu la ted  from this point. After 
l e s s  than an addi t iona l  5 minutes, the temperature reached 270°C. 
The mixture was heated a t  t h a t  temperature f o r  a t o t a l  of 3 hours. 

The r e s i n  ac ids  were separated from neut ra l s  by the DEAE- 
sephadex method. I 3 ’ l 4  The acid f r ac t ion  was methylated w i t h  dia- 
zomethane and analyzed by g lass  capi l  iary gas chromatography using 

15 BDS and DB-1 (a bonded methyl s i l i c o n e )  l i q u i d  phases a t  190°C. 
The peaks were iden t i f i ed  by comparing r e l a t i v e  re ten t ion  times 
w i t h  those of au thent ic  mater ia l s .  

RESULTS A N D  DISCUSSION 
DEAE-Sephadex ana lys i s  showed t h a t  only 5% of the gum ros in  

was converted t o  neutral  mater ia l s  d u r i n g  t he  disproportionation 
with Pd-C ca t a lys t .  The change t h a t  occurred i n  the res in  ac id  
composition is summarized i n  Table 1. The s t a r t i n g  gum ros in  con- 
s i s t e d  of about 65% abie t ic - type  acids ( a b i e t i c ,  pa lus t r i c ,  and 
neoabie t ic  ac id )  and about 22% pimaric/isopimaric-type acids ( p i -  
maric, isopimaric,  and sandaracopimaric ac id ) .  On completion of 

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



TA
BL

E 
1.

 
C

om
po

si
tio

n 
o

f 
R

es
in

 A
ci

ds
 i

n
 G

un
 R

os
in

 a
nd

 t
he

 C
or

re
sp

on
di

ng
 

D
is

pr
op

or
ti

on
at

ed
 R

os
in

a 

D
i h

yd
ro

- 
(p

im
a

ri
d

 
P

i m
a r

 i
 c/

 
Ab

 i
 e

t i
c-

 ty
pe

 
i
 so

pa
m

ar
 ic

- 
D

eh
yd

ro
ab

ie
tic

 
D

ih
yd

ro
ab

ie
ti

c-
 

is
op

im
ar

ic
- 

ac
id

sb
 

ty
pe

 a
ci

ds
C

 
ac

id
s 

ty
pe

 a
ci

ds
 

ty
pe

) 
ac

id
s 

R
os

in
 

(%
I 

(%
) 

(%
I 

(%
I 

(%
I 

O
ri

g
in

a
l 

Gu
m 

R
os

in
d 

64
.4

 
21

.9
 

6.
3 

0 
0 

0 
0 

68
.0

 
2.
2 

20
.1
 

D
i s

pr
op

or
ti

on
at

ed
 

Gu
m 

R
os

in
 

aT
hr

ee
 h

ou
rs

 a
t 

27
Oo

C,
 

0.
1%

 o
f 

5%
 P

d-
C

, 
N2
 a

tm
os

ph
er

e.
 

bA
bi

et
ic

, 
p

a
lu

st
ri

c,
 

an
d 

ne
oa

bi
et

ic
 a

ci
ds

. 

Th
e 

o
ri

g
in

a
l 

gu
m

 r
o

si
n

 c
on

ta
in

ed
 8

.8
%

 
n

e
u

tr
a

ls
 w

hi
ch

 i
nc

re
as

ed
 t

o
 1

3.
9%

 u
po

n 
d

is
p

ro
p

o
rt

io
n

a
ti

o
n

. 

‘P
im

ar
ic

, 

dC
on

 ta
 i n

ed
 so

pi
m

ar
ic

, 
an

d 
sa

nd
ar

ac
op

im
ar

ic
 

ac
id

s.
 

al
so

 2
.7

%
 c

om
nu

ni
c 

ac
id

. 

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



DISPROPORTIONATION OF ROSIN 539 

the  react ion,  most o f  the  ab ie t i c - t ype  acids were dehydrogenated 

t o  dehydroabiet ic acid. A l l  p imaric/ isopimaric- type r e s i n  acids 
were completely hydrogenated t o  dihydro- (p imar ic / i sop imar ic )  

acids. 

The d ihydroab ie t i c  acids i n  disproport ionated gum r o s i n  consisted 

o f  138-abiet-8-enoic acid,  13~-ab ie t -8 (  14)-enoic ac id  and 8- 
a b i  eteno i c a c i  d ; the  d i  hydro- ( p imari  c /  i sopimari c ) ac i ds were com- 
posed o f  8-isopimarenoic acid,  8-pimarenoic acid,  8(14)-pimarenoic 

acid,  8(14)-isopimarenoic a c i d  and 7-isopimarenoic acid.  

Only a small  amount o f  d ihydroab ie t i c  acids was formed. 

14 

‘COOH 

ABlETlC -TYPE PIMARIC ACID IS 0 PI M ARK -TYPE 
RESIN ACIDS RESIN ACIDS 

Abietic acid [7,13 d i e n d  
Palustric acid [8,I3 d i e n d  
Neoabietic acid [8( 14),13(15) diene] 
Dehydroabietic ac id  [8,li,l3 t r iend  

lsopimaric acid [7,,15 diene] 
Sandaracopimaric ac id  - 

[8( 141, I5 diene] 

Argentat ion r e s i n  chromatography16 of rnethylated d i  spropor- 
t iona ted  gum r o s i n  was used t o  separate methyl esters o f  te t rahydro  
res in ,  i f  present, from methyl es te rs  o f  d ihydro r e s i n  acids and 
dehydroabiet ic acid. No te t rahydro  r e s i n  methyl esters could be 
i d e n t i f i e d ,  however. 

Figure 1 s u m a r i r e s  the  changes i n  r e s i n  ac id  composit ion o f  
gum r o s i n  t h a t  occurred dur ing  the  course o f  the  d ispropor t ionat ion .  

Most o f  t he  dehydroabiet ic ac id  formed w i t h i n  20 minutes ( reac t ion  
h a l f  t i m e  o f  about 5 minutes) wi th  a corresponding decrease i n  the 

amount o f  a b i e t i c  acids. 
( h a l f  t ime ca. 3 5  minutes) was appreciably slower, however. 

The increase in dihydro r e s i n  acids 
8e- 
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80 

Dehyd r o o  bi etic Acid I 

" : - - - : -  - ...- r Dihydropimaric - type Acids 

20 

F x .  "a Dihydraabietic- t y p e  Acids 

I .o 2 .o 3.0 

REACTION TIME ( h r s )  

Figure 1. Change i n  resin acid composition during Pd-C dispropor- 
tionation of gum rosin. 
type acids are plotted together as pimaric-type acids. 

Pimaric acid and isopimaric- 

cause the rate of dehydrogenation of the abietic-type acids was so 
rapid in comparison to hydrogenation, only relatively small amounts 
of dihydroabietic acids were formed. However, the nonconjugated, 
less sterical ly-hindered exocyclic vinyl groups of the pirnaric/ 
i sopimaric-type resin acids were readily hydrogenated. The prefer- 
ential hydrogenation of the exocycl ic double bonds in terpenoids is 
well known and i s  both kinetically and thermodynamically favored. 17 20 

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



DISPROPORTIONATION OF ROSIN 541 

GLC data showed t h a t  t he  7 and 8(14) double bonds of both dihydro- 

a b i e t i c  and dihydro-(pimaric/isopimaric) acids were isomerized t o  

the  8(9) p o s i t i o n  by e i t h e r  the  c a t a l y s t  and/or the a c i d i t y  o f  the 

system a t  t he  h igh  temperature. 
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