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ABSTRACT 

The ' copper -quinoline decarboxylation method has produced appreciably 
d i f f e ren t  results than has the  thermal decomposition of copper salts of t he  
acids obtained by the  controlled oxidation of bituminous coal.  Therefore, a 
study w a s  made of these two decarboxylation nethods i n  order t o  determine t h e i r  
r e l i a b i l i t y .  
copper-quinoline method while the  other'method produced only p a r t i a l  decar- 
boxylation. 
naphthoic acid,  however, w a s  converted t o  methylnaphthalene during the course 
of the  copper-quinoline decarboxylation. The thermal decomposition, on the  
other hand, produced the  lactone of 2-hydroxy-2'-biphenylcarboxylic acid and 
probably other oxygenated nuclei .  These pecu l i a r i t i e s  of t he  methods must be 
taken i n t o  account i n  in te rpre t ing  the  r e s u l t s  of t h e  decarboxylations of the 
coal acids.  

Essent ia l ly  complete decarboxylation w a s  obtained with the 

A portion of the  naphthalene obtained by the decarboxylation of 

i 
d 
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The s t ruc tures  of the  acids obtained by  t he  controlled oxidatio? of 
bituminous coal have been investigated b y  deczboxylat ion followed by 
separation and ident i f ica t ion  f the nuclei .  The results of decmboxyiatiori 
by the copper-quinoline methodfJ2 and by thermal decomposition of the copper 
salts3t4 w e r e  appreciably d i f f e ren t  - 
and l e s s  complete decarboxylation of the acids resulted when the thermal 
decomposition of the  copper salts w a s  used. 
mixture that approximated the coal acids as closely as  possible V E S  iscar- 
boxylated by both of the  methods and the  products and t h e i r  am;~- . rs  -..rere 
compared. 

Much la rger  yields of oxygenate? nuclei 

In  the presenr s5driy a node1 

f EXPEIIIMEXTAL 
(, 

A mixture of aromatic acids w a s  m a d e  t h a t  woald resemble the rrixt-ze 

proportions of acids possessing the  benzene, naphthelene, zn6 biphecyl zuc le i  
were. the same although the func t iona l i t i es  of the naphtialene and bigtenyl 
carboxylic acids were lower than the aci-ls of t k  same nuclei i n  the  .zeal 

were included i n  the  m o d e l  mixtllre although there 1s 40 .-videme tha t  these 
nuclei  are ac tua l ly  present i n  the  coal ecid mixture. This vas done because 
it has been suggested t h a t  these types of n u s l s i  verc present but nos detected 
owing t o  the  experimental techniqu.es used. T?le : c ~ ~ j i t i o n  of t‘ne nodel 
mixture is given i n  Table 1. 

I obtained b y  t h e  controlled oxidation of bituminou coa l ,  .The apprsxiznte 

\ 

\ acid mixture. Furoic acid and an a l ipha t ic  acid Toctzining I pyrene cuclelis 

1 

? 

Nucleus ’ A2id Proportion, 5 
Benzene Benzoic acid 0.94 

o-toluic acid 0.54 
m-toluic acid 0 .47  
p-isopropyl3enzoic, acid 0.47 
o-phthalic acid 12  19 

(1) 
(2)  
(3) J. Entel ,  J. h e r .  Chem, SOC. 77, (1955) 611 , 

(4)  

R .  S.  Montgomery, E. D.  Holly, and R .  S .  Gohlke, FUEL, Lond, 3, (1956) 45 
R .  S. Montgomery and E .  D .  Holly, FUEL, Loxd. 36, (1957) 65 
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TABLE 1 (contld) 

, Nucleus Acid Proportion , $ ' -  

Naphthalene 

Biphenyl 

Furan 
. Propylpyrene 

m-phthalic acid 
p-phthalic acid 
t r i m e l l i t i c  acid 
tr imesic acid 
pyromelli t ic acid 
1-naphthoic acid 
2-naphthoic acid 
diphenic acid 
a-( 1-pyrene) Putyr ic  acid 
furoic  acid 

3.96 
2.89 

20.07' 
9.79 
8.87 
9.59 

18.85 
0.94 
0.9 

100.00 

9.48 

Decarboxylation using the Copper-Quinoline hkthod. - A 40.0 g. portion of the  
model mixture w a s  mixed with 12.0 g. of anhydrous copper su l fa te  and 120.0 g. 
of f reshly d i s t i l l e d  quinoline and allowed t o  stand overnight. The f lask  that 
contained the mixture was f i t t e d  with a re f lux  condenser and the condenser 
vented through a cold t rap .  
heated under slow ref lux f o r  nine days. The re f lux  temperature had gone down 
t o  205' a f t e r  three days but a f t e r  four days had r i s e n  again t o  218O where it 
remained f o r  the duration of the Oecarboxylation. This w a s  doubtless caused 
by the formation of benzene and other low-boiling nuclei  and the subsequent 
loss of some of these products. After the  react ion mixture had been cooled t o  
room temperature, carbon te t rachlor ide was added and the  resulting solut ion 
washed with 325 m l .  of 2 6  hydrochloric acid.  The insoluble tar was f i l t e r e d  
out of the mixture and the layers  separated. The aqueous layer  vas washed 
with carbon te t rachlor ide and discarded. A t o t a l  of about 575 m l .  of carbon 
te t rachlor ide was used. 

It WBS maintained at 160" overnight a d  then 

The carbon te t rachlor ide layer was  extracted with 100 ml. of 5$ spdium 

After the  e ther  had been allowed t o  evaporate 
hydroxide solut ion and the basic ex t rac t ,  i n  turn,  ac id i f ied  and extracted 
with about 100 ml. of ether .  
a t  room temperature, a residue of 0.03 g ,  of a viscous yellow o i l  was obtained. 
This o i l  w a s  examined by means of a 200° inlet mass spectrometer a d  the 
r e s u l t s  axe given i n  Table 2. 

TABLE 2 

Component Weight, g. 
Mass 170 (phenylphenol)* 0.002 
Mass 142 0.0006 
Mass 136 (C, phenol)** 0.0002 
Mass 122 (C, phenol) 0.002 
 ass ~ 0 8  (cresol)  0.001 

TXzr 
..) . * Tentative ident i f ica t ions  are given i n  parenthesis 

** This notation designates phenol subst i tuted with three 
saturated carbon atoms, i . e .  propylphenol, methylethyl- 
phenol, o r  tr imethyl phenol. 

-> 
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The mass spectrum a l s o  indicated that in  addi t ion t o  the components l i s t e d ,  
the o i l  contained a co$lex mixture of high molecular weight mater ia ls .  

by means-of a mass spectrometer. 
contained 0.09 g.  of furan, 0.9 g. of benzene, and 0.04 g. of toluene. 

The low-boiling material  obtained from the  cold t r a p  w a s  a l s o  analyzed . 
I n  addition t o  sulfur  dioxide and water, it 

Most of the solvent w a s  removed from the carbon te t rachlor ide  solut ion 
containing the neut ra l  components using a 12 inch Vigereux column. 
t o  the carbon te t rachlor ide,  the d i s t i l l a t e  contained 4.5 g. of benzene and 
0.w g. of toluene. The residue w a s  examined using a 200' i d e t  mass spectro- 
meter and the results are tabulated i n  Table 3. 

I n  addition 

3 

Component 

Biphenyl 
Methylnaphthalene 
Naphthalene 
Cq benzene 

~ 

Weight, g .  

4 -66 
0.37 
5.78 
0.16 

Toluene - 0.13 
> ll.l 
\,- 

Decarboxylation using Thermal Decomposition of the Copper S a l t s .  - A 40.0 g. 
portion of the model mixture was mixed with 16.0 g. of basic  copper carbonate 

, (CUCO~'CU(OH)~) i n  enough w a t e r  t o  produce a solut ion volume of about 160 ml. 
The mixture was heated for  2 hours on a steam bath and then charged t o  a 

2 hours and then maintained a t  250 - 260' f o r  26 hours. 
time, the pressure had reached 750 p s i .  The autoclave was careful ly  vented 
and the contents washed out with both water and carbon te t rachlor ide .  The 
mixture was made basic and the dark colored, insoluble residue f i l t e r e d  out 
and discarded. 

'.\ . 320 ml. s ta in less  s t e e l  autoclave. The autoclave w a s  heated at 1-50" f o r  about 
After t h i s  length of 

The aqueous, basic  ex t rac t  w a s  then acidif ied thereby prec ip i ta t ing  a 
tan-colored material .  The composition of this tan, insoluble mater ia l  was 
investigated using a 200' i n l e t  mass spectrometer. It contained 3.7 g.  of 
benzoic acid and 2.6 g. of naphthoic acid.  A s igni f icant  amount of a mass 
73 fragment (4H2-CH2-COOH) was a l so  found but no peak was detected a t  the 
molecular weight of t h i s  component. The mixture a l s o  contained small amounts 
of mass 198 (a-phenylbenzoic acid) ,  196, 170 (phenylphenol), 168, and 164 
(isopropylbenzoic acid) - 

Most of the solvent w a s  removed from the carbon te t rachlor ide  solut ion 
, of the neutral  components using a 12 inch Vigereux column. The d i s t i l l a t e  
"I contained 0.65 g. of benzene, 0.1 g. of toluene, 6.18 g. of naphthalene, and 

0.21 g. of biphenyl i n  addition t o  the carbon te t rachlor ide.  
of the residue as determined by i t s  mass spectrum is given i n  Table 4. 

The composition 

J 



-4- 

TABLE 4 

Component Weight, g. 

Biphenyl 3.5 
3'.2 Naphthalene ,. 

C 3  benzene c 0.05 
Toluene 

I n  addition t o  t h e  nuclei  l i s t e d ,  s m a l l  amounts of masses'202, 196, and 168 
were a l so  found. . .  

Since small amounts of unexpected nuclei  were found i n  the residue, it 
w a s  chromatographed so t h a t  they could be more pgsi t ively ident i f ied.  
portion w a s  chromatographed using a 1 x 14 inch column f i l l e d  with about 150 g. 
of alumina. The solvents used t o  e l u t e  the column are  tabulated i n  Table 5. 

TABLE 5 

A 9.60 g. 

\ 

Fraction Solvent Volume, m l .  

Carbon te t rachlor ide 225 
500 

Z Acetoni t r i le  225 
500 
100 5 

9% ethanol 250 
450 

6 
7 

0 ,  It  
1 

- <  2 

" G 

1, 

The f irst  par t  of the solvent was removed on a steam bath under reduced pressure 
and the remaining solvent removed by means of a, J e t  of air a t '  room temperature. 
Fractions 1 and 2 were not taken t o  dryness t o  avoid losing the more v o l a t i l e  
components. The f rac t ions  were examined by means of a 200' inlet mass spectro- 
meter. The f i r s t  t w o  f rac t ions  contained only biphenyl and naphthalene. FractYon 
3 contained a mixture of s m a l l  amounts of many components while the later 
fract ions contained almost exclusively mass 196. 
be the lactone of 2-hydroxy-2'-biphenyl carboxylic acid by i t s  infrared spectrum. 
The t o t a l  weights of the various components of these f rac t ions  based on the 
t o t a l  weight o f  the residue rather  than the 9.60 g.  actual ly  chromatographed 
are tabulated i n  Table 6. , 

This mass 196 w a s  shown t o  
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TABLE 6 

Component Weight, g.  

Mass 232 (phenylnaphthylketone) . 0.05 
Pyrene 0.W 
Lactone of 2-hydroxy-2 -biphenylca.rboxylic acid 
Biphenyl 3.0 
Maphthalene 3 -1 

0.4 

\ 0.08 
Mass 149 ( f r q g e n t )  -\ 

Very small amounts of the  following components were also found: Mass 220, 
mass 208, mass 182 (benzophenone), mass 180 (fluorenone), Mass 168 (biphenylene 
oxide), and possibly Mass 280. 
u l t r a v i o l e t  spectra.  

The pyrene w a s  ident i f ied  by, i ts  mass and 

RESULTS 

The amounts of the  various nuclei  found using each of these decarboxylation 
methods are tabulated and compared with calculated amounts i n  Table 7. The 
amounts found using the copper-quinoline method generally agreed-very w e l l  with 
the calculated amounts. This agreement would probably be even b e t t e r  i f  a 
larger  amout of the mixture had been decarboxylated. 
v o l a t i l e  components, benzene and furan, t h a t  were obtained ,were substantually 
below the calculated amounts. T h i s  w a s  doubtless due t o  the long react ion 
time t h a t  w a s  used. 
obtained by the controlled oxidation of bituminous coal were decarboxylated 

The amounts of the most 

Low yields  of benzene were a l so  obtained when the  acids 

* . using this-method and a long react ion t i m e . 2  
the  furan nucleus survived the decarboxylation. This indicates  t h a t  since 
no furan w a s  found i n  the  decarboxylation products of the coa l  acids,  the 
furan r ing  i s  probably not present i n  the eo& acids.  
derivative of pyrene w a s  found i n  the neut ra l  decarboxylation products indicat ing 
that a-(1-pyrene) butyr ic  acid w a s  not decarboxylated. 
since it i s  an a l ipha t ic  acid and not an aromatic acid as are  the others.  

It i s  in te res t ing  t o  note t h a t  
\ 

Neither pyrene nor any 

This i s  not unexpected 

-J 
An'unexpected product of the copper-quinoline decarboxylation of the  - 

model mixture w a s  nethylnaphthalene. Apparently about s i x  per cent of the 
naphthalene was converted t o  methylnaphthalene during the decarboxylation. 
This presence of methylnaphthalene where there  should be none cas t s  doubt on 
the large amounts of methylnaphthalene obtained from the coal acids and reported 
i n  our e a r l i e r  paper.2 
decarboxylation products of the coa l  acids have been much more variable than 
have the amounts of any other nucleus. 
naphthalene tha t  was  found i n  the decarboxylation products was  actual ly  present 
8s naphthalene i n  the or ig ina l  acid mixture. 

The amounts of methylnaphthalene found i n  the  

It is l i k e l y  t h a t  some of the  methyl- 

,- 
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Very s m a l l  amounts of phenols were a l so  found i n  the copper-quinoline 
decarboxylation products of the model mixture. 
doubtful if much can be concluded from the small amounts of phenols found i n  
decarboxylation products of the coal acids .  

The thermal decomposition of the copper salts of  the model mixture resul ted 

Because of t h i s ,  it is 

i n  a much l e s s  complete decarboxylation. No furan and no propylpyrene were 
found i n  the products although a small mouzzt of pyrene i t s e l f  w a s  detected. 
A signif icant  amount of the lactone of 2-hydroxy-2'-biphenylcarboxylic acid 
was found doubtless a r i s ing  fron the  l iphenic acid.  Smal l  amounts of mass 
232 probably phenylna_chtiylbtone, and other oxygenated produxs  were a l so  
obtaimd by using t h i s  decarboxylation nethcd. Therefore, the lactone of 
2-hydroxy-2~-biphenylcarboxylic acid and probably the 9-fluorenone and the 
biphenylene oxide reported by Entel3 and by us i n  a previous paper4 are 
a r t i f a c t s  of the decarboxylation method and not present as  such i n  the coal 
acids. These nuclei  were found by using the therza l  decarboxylation method 
but not by using the copper-quinoline method. Larger a o u n t s  of benzophenone 
were a l so  found by using the thermal decomposition of  the co2per salts an& so 
probably some of t h i s  oxygenated nucleus i s  a lso an a r t i f a c t  of the wthod.  
Small amounts of phenols are probably a l s o  present in  the decaxboxylatior 
products as they were when the copper-quinoline method was usec but :hey wme 
masked by the large amounts of undecarboxylated and p a r t i a l l y  decsrbcxylatec 
acids recovered. -.. 

CONCLUSION 

The copper-quinoline decarboxylation method seems t o  be qui te  re l iab le  
and t o  provide a good estimate of the amounts of the various nuclei  p ro  sent.  
Signif icant  amounts of methylnaphthalene, however, w e r e  fount vhere only 
naphthalene should have been found. Therefore, some o f  the methylnaphthalene 
and perhaps some of the other methyl subst i tuted aromatics reported i n  the 
previous papers1J2 as occuring i n  the acids obtained by the controlled 
oxidation of bituminous coal maytbe a r t i f a c t s  and not actual ly  present.  
thermal decomposition of the coppsr salts resul ted i n  a much l e s s  complete 
decarboxylation of the model mixture and, i n  addition, resul ted i n  the formulation 
of oxygenated nuclei .  The lactone of 2-hydroxy-2 ' -biphenylcarboxylic acid 
which i s  present i n  the thermal decarboxylation products of the coal acids3,4 
is probably obtained from a diphenic acid type precurser since it was also 
found i n  the decarboxylation products of the model mixture. It a l s o  seems 
l ike ly  t h a t  the 9-fluorenone and the biphenylene oxide and some of the 
benzophenone t h a t  w a s  found when t h i s  decarboxylation method was used are a l s o  
a r t i f a c t s  of the method. 

The 
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