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Molten SbC13 h a s  been shown t o  be  an  e f f e c t i v e  c a t a l y s t  f o r  t h e  hydrocracking 
of coa l  with a h igh  s e l e c t i v i t y  f o r  t h e  production of d i s t i l l a t e  hydrocarbons (1).  
analogous t o  the  more ex tens ive ly  s tud ied  molten salt  hydrocracking c a t a l y s t s  based 
on ZnC12 (2 ,3 ) .  Our r e sea rch  is  aimed a t  a b a s i c  study of molten s a l t  c a t a l y s i s  
w i th  r ecen t  s t u d i e s  examining t h e  chemical behavior of PAH's (model compounds f o r  
some of the  s t r u c t u r a l  u n i t s  of coa l )  i n  molten s a l t s  i n  which SbC13 is the primary 
cons t i t uen t  (4-7). We have observed r e a c t i o n s  f o r  PAH's i n  SbC13 based melts in  
which the  anhydrous SbC13 so lven t  is involved c a t a l y t i c a l l y  (4) and stoichiomet- 
r i c a l l y  (5,6).  
r e a c t i o n s  i n  the  m e l t  i n  which Sb3+ is a n  oxidant .  

Both types  of chemistry have been explained by redox dr iven  

T e t r a l i n  is o f t e n  used a s  a hydrogen donor so lvent  f o r  thermally generated 
n e u t r a l  r a d i c a l s  i n  c o a l  l i q u e f a c t i o n  and model compound s tud ie s .  In the  p re sen t  
work, we  i n v e s t i g a t e  t h e  p o s s i b i l i t y  t h a t  t e t r a l i n  may a c t  as a hydrogen donor t o  
some PAH's under extremely mild (8OoC, no H2) molten sal t  c a t a l y t i c  cond i t ions  i n  
which PAH r a d i c a l  c a t i o n s  are be l ieved  t o  be p re sen t  as r eac t ive  in te rmedia tes .  

We have s tud ied  the  r e a c t i o n  behavior of phenanthrene, pyrene, an thracene ,  
and naphthacene(tetracene)with t e t r a l i n  a t  8 0 ° C  i n  nea t  a p r o t i c  SbC13 by in  s i t u  
1 H  NMR, and by determining the  r e a c t i o n  s to ich iometry  v i a  product a n a l y s i s  follow- 
i n g  quench and sepa ra t ion  procedures.  A l l  r eagents  w e r e  ca re fu l ly  p u r i f i e d  (4,5), 
and ma te r i a l  t r a n s f e r s  were c a r r i e d  out  i n  a con t ro l l ed  argon atmosphere dry  box. 
1 H  NMR experiments (at 200 MH,) were performed under argon i n  sea led  5m OD tubes  
whi le  l a rge r  s c a l e  r e a c t i o n s  were performed under argon i n  Schlenk glassware. 
Following a 30 min r e a c t i o n  per iod ,  the  r e a c t i o n  mixture was hydrolyzed with 
6 M H C l  and the  o rgan ic  products  were ex t r ac t ed  i n t o  CH2C12. 
i n  these  r e a c t i o n s ,  and no antimony meta l  was eve r  observed. 
from the r e a c t i o n  of an thracene  wi th  t e t r a l i n  i n  SbC13 were analyzed by GC-MS 
us ing  a 30 m x 0.25 mm I D  g l a s s  c a p i l l a r y  column wi th  an  OV-101 l iqu id  phase. 
Quan t i t a t ive  r e s u l t s  were obta ined  by GC using a 10' x 1/8" column packed wi th  3% 
Dexs i l  300 and flame i o n i z a t i o n  de tec t ion .  Hexamethylbenzene w a s  used a s  an 
i n t e r n a l  s t anda rd ,  and t h e  r e s u l t s  were co r rec t ed  f o r  d i f f e rences  i n  de t ec to r  
response.  

SbC13 is  a c a t a l y s t  
The organic  products  

Solu t ions  of pyrene and phenanthrene with t e t r a l i n  do not r e a c t  i n  neat 
SbC13 a t  80°C. 
even a t  temperatures up t o  130'C. However, anthracene and naphthacene r e a c t  
r ap id ly  with t e t r a l i n  a t  80°C, and a r e  s e l e c t i v e l y  hydrogenated t o  
9,lO-dihydroanthracene (DHA) and 5,12-dihydronaphthacene (DHN) r e spec t ive ly .  DHA 
and DHN were i d e n t i f i e d  from a comparison of t h e i r  l H  NMR spec t r a  wi th  those of  
a u t h e n t i c  samples (4 ) .  

Only the  NMR s p e c t r a  of t he  pa ren t  PAH and t e t r a l i n  a r e  observed 
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The r e a c t i o n  of anthracene with t e t r a l i n  i n  SbCl i s  c u r r e n t l y  the  most 
ex tens ive ly  s tud ied .  T e t r a l i n  i t s e l f  is unreac t ive  i n  SbC13 (8O-13O0C), and 
anthracene a l s o  does not show any r eac t ion  i n  SbC13 a t  80°C f o r  t h e  30 min reac- 
t i o n  per iod .  A t  longer r eac t ion  per iods ,  anthracene slowly undergoes Schol l  
condensation r eac t ions  t h a t  w e  have previous ly  repor ted  ( 4 ) .  This Schol l  r e a c t i o n  
. is  be l ieved  t o  proceed through the  anthracene r a d i c a l  ca t ion .  In the  presence of 
t e t r a l i n ,  however, anthracene does not undergo Schol l  condensation but  i n s t ead  is  
rap id ly  hydrogenated by t e t r a l i n .  'H NMR experiments us ing  f u l l y  deutera ted  
anthracene demonstrate t h a t  t h e  hydrogens added a t  the  9 and 10 pos i t i ons  of 
anthracene (63.99) a r e  from the  t e t r a l i n .  This observa t ion  is  supported by t h e  
q u a n t i t a t i v e  a n a l y s i s  of t e t r a l i n ,  anthracene, and DHA in  the  organic  products 
from l a r g e r  s c a l e  reac t ions .  

3 

The product d i s t r i b u t i o n  and r eac t ion  stoichiometry are found t o  depend on 
the  amount of t e t r a l i n  i n i t i a l l y  present .  
with increas ing  amounts of t e t r a l i n  and reaches a maximum of 39% a t  a 2 : l  t e t r a l i n :  
anthracene mole r a t i o  (Table 1). Furthermore, we f i nd  from GC-MS t h a t  t h e  
dehydrogenated t e t r a l i n  does no t  produce naphthalene.  Ins tead  i t  forms p r i n c i p a l l y  
two condensed products  1 (MW = 262) and $ (MW = 308) whose r e l a t i v e  amounts a l s o  
depend on the  i n i t i a l  amount of t e t r a l i n  present  a s  shown i n  Table 1. The o v e r a l l  
r eac t ion  s to ich iometry  can be described a s  the  sum of two l i m i t i n g  equations wi th  
Equation 1 predominating a t  high t e t r a l in / an th racene  mole r a t i o s  and Equation 2 
predominating a t  low t e t r a l in / an th racene  mole r a t i o s .  

We f ind  t h a t  t h e  y i e l d  of DHA i nc reases  

1 
5 



We a r e  i n  t h e  process of determining the s t r u c t u r e s  of & and 2, and these  r e s u l t s  
should provide  use fu l  c l u e s  towards understanding the  r eac t ion  mechanism. 

Although anthracene and naphthacene a r e  hydrogenated by t e t r a l i n  i n  SbClj,  
phenanthrene and pyrene a r e  unreac t ive .  
phenanthrene and pyrene a r e  not  ox id ized  by SbC13 t o  r a d i c a l  ca t ions ,  whereas t h e  
more e a s i l y  oxidized PAH's, anthracene  and naphthacene, do form r a d i c a l  ca t ions  i n  
SbC13. These r e s u l t s ,  along wi th  our  previous observa t ions  of redox dr iven  
r e a c t i o n s  i n  SbC13 i n  which Sb3+ a c t s  a s  an oxidant (4-6), suggest t h a t  t he  unusual 
low temperature hydrogenation r e a c t i o n s  repor ted  here proceed v i a  r e a c t i o n  of t h e  
PAH r a d i c a l  c a t i o n  wi th  t e t r a l i n .  Research i n  t h i s  area is continuing i n  an 
e f f o r t  t o  f u r t h e r  e l u c i d a t e  the  r e a c t i o n  mechanism. 

From a previous  ESR study (7) w e  know t h a t  
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Table 1. Inf luence  of T e t r a l i n  Concentration on the  
Ant hracene-Te t r a l i n -  SbCl React ion0 

3 .  

~~ ~ ~~~~ ~~ 

k12 mole r a t i o '  b 
T e t r a l i n  ( m o l )  Anthracene (mmol) DHA y i e l d  (%) 

0 

0.70 

1.40 

2.80 

5.60 

1.40 

1.40 

1.40 

1.40 

1.40 

0 

20 

30 

39 

38 

- 

. I5 

-50 

1.5 

3.5 

'Reactions were run i n  34.2 mmol SbCl 

bBased on o r i g i n a l  an thracene  (?2%). 

a t  80°C f o r  30 min. 3 

'Based only on gc a r e a  r a t i o s .  
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