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T h e  object ive o f  these s tud ies was to  develop new methods f o r  t h e  analysis o f  

t h e  types a n d  quant i t ies  o f  a r y l  g roups  and  a l ky l  g roups  p resen t  in t h e  a lky larenes 

and  hydroarenes which a r e  major const i tuents  o f  t h e  l iquefact ion p roduc ts  de r i ved  

f r o m  l ign i te  coals. A number  o f  ox idat ion reactions o f  light oi l  hyd roca rbon  m ix tu res  

a n d  model compounds were invest igated.  In o r d e r  t o  g e t  high y ie ld  ox idat ion 

reactions, phase t r a n s f e r  cata lysts  were u t i l i zed  in some o f  the reactions. Der i va t i -  

zat ion of t h e  reaction p r o d u c t s  to g i v e  h i g h l y  UV absorb ing compounds fac i l i ta ted t h e  

analys is  o f  t h e  p roduc ts  w i t h  HPLC. 

Tr i f luoroperacet ic  ac id  has been descr ibed as a usefu l  reagent  f o r  t h e  analysis 

o f  a l ky l  g roups  since it easi ly degrades t h e  aromatic r i n g s  present  in t h e  s t r u c t u r e  

a n d  g ives a l iphat ic  ca rboxy l i c  acids i nco rpo ra t i ng  t h e  a l ky l  groups(1) .  Un fo r tuna te l y ,  

m ix tu res  o f  p roduc ts  have  been obta ined f rom t h e  ox idat ion o f  s ing le compounds;( l  ,2) 

e .g. ,  indan gave 27% succ in ic  and 27% g lu ta r i c  acids(1). Su rp r i s ing l y ,  t e t ra l i n  was 

repo r ted  t o  vield cvc lohexene- I ,  2-d icarboxy l ic  anhydr ide  as the  o n l y  p r o d u c t  (1). 

Te t ra l i n  was ox id ized a t  60° u s i n g  Deno's procedure(1)  and t h e  resu l t i ng  ac id  

m i x t u r e  was conver ted to t h e  p-bromophenacyl esters  b y  r e f l u x i n g  w i t h  

60 



p-bromophenacyl bromide in 50% ethanol-water a t  pH.6.8. T h e  esters  were analyzed 

on  a 101.1 Spherisorb-ODS HPLC column u s i n g  a programmed g r a d i e n t  e lu t ion of 

methanol-water (F igu re  1C). The p rog ram was dev ised so t h a t  t h e  monoesters can 

be  e lu ted followed by t h e  d iesters  (see Table 1). T h e  major components of t h e  

p roduc t  m ix tu re  were succinic, g lu ta r i c  and adip ic  monoesters and  d ies te rs  (F igu re  

la) .  The  peaks corresponding t o  t h e  p-bromophenacyl monoester o f  cyc lohexene- I  ,2- 

d i ca rboxy l i c  acid and  t h e  e t h y l  p-bromophenacyl  mixed ester were v e r y  small. Since 

a un ique  p roduc t  was n o t  obtained f rom te t ra l i n  n o r  f rom most o t h e r  hydroaromat ics 

and alkylarenes, it i s  d i f f i c u l t  t o  see how any  quan t i t a t i ve  in format ion about  coal o r  

coal oi l  s t r u c t u r e  can be obtained w i t h  t h i s  method o f  ox idat ion.  

T A B L E  1 

Peak No. Retention Time, (min. )  Compound 

1 
2 
3 
4 
5 
6 
7 

9 
10 

11 

12 

a 

4.0 
5.5 
7.4 

15.9 
20.3 
21.5 
26.5 

30.1 
17.2 

29.8 

28.8 

34.5 

succinic mono ester  
g lu ta r i c  mono ester  
adipic mono ester 
p-bromophenacyl alcohol 
p-bromophenacyl t r i f l uo roace ta te  
p-bromophenacyl bromide 
succinic d ies te r  
g l u t a r i c  d ies te r  
ad ip ic  d iester  
mono p - bromop henacyl 
cyclohexene-1 ,2-d icarboxy late 
p-bromophenacyl e thy l  cyc lo-  
hexene- I  ,2-d icarboxy late 
d i  p-bromophenacyl cyc lo-  
hexene-1 ,2-d icarboxy late 

Oxidat ion o f  a light oi l  f r om t h e  l iquefact ion o f  Beulah, N .D .  l i gn i te  w i th  

synthes is  gas a t  460° a n d  27.5 MPa (3) was c a r r i e d  o u t  w i t h  CF3C03H-H2S04. 

HPLC analysis ( F i g u r e  2) o f  t h e  p-bromophenacyl esters o f  t h e  react ion p roduc ts  

exh ib i t ed  peaks corresponding t o  a range ca rboxy l i c  acids in t h e  range  of 4 t o  9 

carbon atoms. 

The ox idat ion o f  aromatic r i n g s  w i t h  R u 0 4  was invest igated as an a l te rna t i ve  t o  

t h e  t r i f luoroperacet ic  acid method. Since y ie lds repo r ted  in t h e  l i t e r a t u r e  (4)  v a r y  
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considerably  f o r  t h i s  reagent ,  t h e  use o f  a phase t r a n s f e r  cata lyst  to  b r i n g  t h e  

ox id i z ing  agent  fo r  R u 0 2  i n t o  t h e  o rgan ic  phase was s tud ied.  T h e  reaction o f  

t e t r a l i n  in CCI4 w i t h  NaOCl o r  Na104 in water  u s i n g  R u 0 2  and Adogen-464 

(tetraalkylammonium sal t )  gave  a- te t ra lone in low y ie ld ,  r a t h e r  t h a n  the  expected 

p roduc t ,  ad ip ic  acid. T h e  t w o  phase ox idat ion o f  I -methy lnaphthalene w i th  Na i04  in 

t h e  presence o f  R u 0 2  and Adogen-464 gave a good y ie ld  of ph tha l i c  ac id  and  

3-methy lphthal ic  ac id .  These were character ized b y  HPLC analysis o f  t h e  

p-bromophenacyl esters .  T h e  more easi ly ox id ized naphthalene r i n g s  show g rea te r  

promise in t h i s  t y p e  of analys is  than  t h e  benzene systems. 

A number  o f  o x i d i z i n g  agents a r e  avai lable f o r  ox idat ion o f  aromatic 

hyd roca rbons  to t h e  a r y l  ketones a n d  aldehydes. A high y ie ld  react ion was des i red 

f o r  use in t h e  quan t i t a t i ve  analys is  o f  l i gn i te -de r i ved  o i ls  which conta in  many methyl 

and o the r  a lky larenes as well as hydroaromat ics.  HPLC analyses o f  t h e  ox idat ion 

p roduc ts  and  t h e i r  2,4-dinitrophenyIhydrazones were c a r r i e d  ou t .  T h e  ox idat ion of 

t e t r a l i n  to a- te t ra lone u s i n g  cer ic  ammonium n i t r a t e  in n i t r i c  acid (5) could not  be 

repeated. i ns tead  t h e  n i t r a t e  ester  of te t ra lo l  was obta ined.  A similar p r o d u c t  was 

repo r ted  f o r  o -xy lene  ox ida t i on  (6) .  Us ing  acetic acid as t h e  so lvent  (7) produced 

t h e  acetate es te r  o f  a - te t ra lo l .  A mat r i x  o f  condi t ions was s tud ied u t i l i z i ng  a phase 

t r a n s f e r  ca ta l ys t  in t h e  t e t r a l i n  ox idat ion to  determine maximum y ie ld  condi t ions.  

Thus  a 74% y ie ld  o f  a- te t ra lone was obta ined u s i n g  a benzene-water system w i t h  

Adogen-464, w i t h  no  s ide  react ion p roduc ts .  

Cer ic  ammonium n i t r a t e  ox idat ion o f  naphthalenes in two  phase systems w i t h  

Adogen-464 gave naphthoquinones and m ix tu res  o f  p roduc ts ,  t h u s  t h i s  ox id i z ing  

system wil l  b e  of l imi ted usefulness i n  t h e  s t u d y  o f  naphthalen ic  and  la rge r  aromatic 

rina svstems. 

Adogen-464 was also v e r y  e f fec t i ve  in cata lyz ing t h e  ox idat ion o f  t e t ra l i n  in 

T h u s  t h e  "pu rp le  benzene" reagent  gave a benzene w i t h  KMn04 as the  o x i d a n t  (8). 

h i g h  y ie ld ,  90%, o f  a- te t ra lone.  
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O t h e r  ox id i z ing  reagents, such as n i t robenzene and  peroxydisu l fa te,  which 

sometimes g i ve  a ldehydes o r  ketones, were no t  successful in t h e  model compound o r  

light o i l  ox idat ion studies. 

Experimental Section 

T r i f l uo roperace t i c  acid ox idat ions were per formed as in Reference 1 and excess 

reagent  dest royed w i t h  Pt/asbestos. Most o f  t h e  t r i f l uo roace t i c  acid was evaporated 

a t  low ternp/pressure on  a r o t a r y  evaporator .  T h e  p H  was adjusted t o  6.8 and an 

equal volume o f  ethanol was added. The  solut ion was f i l t e red  and  re f l uxed  w i th  

p-bromophenacyl bromide f o r  15 minutes. T h e  es te rs  were ex t rac ted  w i t h  e thy l  

acetate and  analyzed w i t h  an Al tex Model 332* l i qu id  chromatograph w i t h  U.V. 

detect ion.  

Ruthenium te t raox ide  ox idat ions were pe r fo rmed  by d isso lv ing  0.3 g o f  organic  

subst rate in 25 ml CCI4 and add ing  t o  2.0 g Na104 in 25 ml water. Adogen-464 

(A ld r i ch )  (50 mg) and  20 m g  RuOZ were added and  s t i r r i n g  cont inued ove rn igh t .  A 

second 2.0 g of Na104 were added and s t i r r e d  o v e r n i g h t .  Acids were ext racted f rom 

t h e  ac id i f ied aqueous layer  and  analyzed b y  HPLC a f t e r  convers ion to  t h e  p-bromo- 

phenacyl esters. 

Cer ic  ammonium n i t r a t e  ox idat ions were pe r fo rmed  by add ing  10.5 g o f  t h e  

reagent  in 40 ml water  t o  0.3 g organic  subs t ra te  in 10 ml benzene o r  o the r  so lvent .  

Adogen-464 was added and t h e  m ix tu re  s t i r r e d  and heated a t  60-65O f o r  3 h r s .  A 

second 10.5 g of reagent  in 15 ml water  was added and  heat ing cont inued f o r  5 h r s .  

Ext ract ion o f  t h e  m i x t u r e  w i t h  pentane gave t h e  ca rbony l  p roduc ts .  Permanganate 

ox idat ion was c a r r i e d  o u t  s imi lar i ly .  

* Reference t o  speci f ic  b r a n d  names and models i s  done to  fac i l i ta te  understanding 

and  ne i the r  const i tu tes n o r  implies endorsement b y  t h e  Department o f  Energy.  
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TFPA OXIDATION OF 
TETRALIN, p- BrPHENACYL 

IOpm SPHERISORB ODS 
Iml/min 
4.6 x 250mm 

TFPA OXIDATION OF 
TETRALIN, p-BrPHENACYL 
ESTERS SPIKED W\TH MONO 
AND DI-p-BrPHENACYL 
CYCLOHEXENE -I, 2 -DI- 
CARBOXYLATE 

GRADIENT ELUTION PROGRAM 
% CH30H IN WATER 

5 IO 15 20 25 30 

TIME, minutes 

F igure 1. - Separations o f  p-bromophenacyl e s t e r s  o f  t e t r a l i n  
TFPA o x i d a t i o n  products. 
compounds i n  Table 1 .  

Peak numbers r e f e r  t o  
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