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We recently (2)  reported t h a t  under conditions of coal conversion ( t e t r a l i n ,  
400") several diarylalkanes undergo carbon-carbon cleavage, and tha t  the scission 
of carbon-carbon bonds must therefore be considered a s  a n  important process i n  
asphaltene formation. 
coa l )  was a "be t t e r  hydrogen t r ans fe r  agent" than t e t r a l i n  i t s e l f  f o r  the  hydro- 
genolysis of 1 ,1,2-triphenylethane t o  diphenylmethane and toluene. 
extended these s tud ies  t o  es tab l i sh  a )  t h a t  v i t r i n i t e  i s  indeed a be t t e r  hydrogen 
donor than t e t r a l i n  toward several organic s t ruc tures ;  b )  t h a t  t e t r a l i n ,  in addi- 
=to i t s  function a s  a hydrogen donor, can undergo cer ta in  other reactions with 
coal and w i t h  coa l - l ike  s t ruc tu res  which involve both carbon-carbon bond formation 
and bond cleavage. 

A Comparison of Tetralin and Vi t r in i t e  a s  H-Donors 

We also reported ( 2 )  t h a t  v i t r i n i t e  (from I l l i n o i s  No. 6 

ble have now 

When 1,Z-diphenyl-1-p-tolylethane i s  heated a t  400" ( e i the r  i n  g lass  capi l -  
l a r i e s  or i n  s t a in l e s s  s t ee l  tubes) with an excess of t e t r a l i n ,  the  major products 
a re  toluene and phenyl-p-tolylmethane. 
phenyl-1-ptolylethane i s  heated a t  400" i n  the  presence of an excess of v i t r i n i t e  
(handpicked from I l l i n o i s  No. 6 coa l ) .  

Table I 

A Comparison of Te t ra l in  and I l l i n o i s  

The same products a r e  obtained when 1,2-di- 

Given in Table I i s  a comparison of the 

No. 6 Vi t r in i t e  a s  Hydrogen Donors 

Percent 
Reactants Conditions Reaction 

1,2-Diphenyl-l-p 400", 5 mina 2% 
t o  1 yl  ethane t e t r a l i n  

94% 400", 33 min  
t e t r a l  in 

400°, 5 mina 50% 
b v i  t r i n i  te 

23% 
t e t r a l  in 

t e t r a l i n  & v i t r i n i t e  

v i t r i  ni te 

b 

b 1.3-diphenylpropane 400°, 30 m i n  

400", 30 minb 43% 

400°, 30 m i n b  6 5% 

a )  The oven was a t  400°, b u t  the warm-up time i s  15 minutes, thus the  

b )  30 min included warm-up time. 
actual temperature was considerably l e s s  t h a n  400". 
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e x t e n t  r e a c t i o n  - as determined by g.c. a n a l y s i s  o f  t h e  products  - a f t e r  va r ious  
con tac t  t imes w i t h  t e t r a l i n  o r  w i t h  v i t r i n i t e .  

Another d i a r y l a l k a n e  which i s  e a s i l y  decomposed i n  the  presence o f  excess 
t e t r a l i n  o r  excess v i t r i n i t e  i s  1,3-diphenylpropane. 
cases a r e  to luene and ethylbenzene, a l t hough  a m u l t i p l i c i t y  o f  minor products  a r e  
produced. 
1,3-diphenylpropane (400" f o r  30 minutes! a )  w i t h  excess t e t r a l i n ;  b) w i t h  excess 
t e t r a l i n  and v i t r i n i t e ;  and c )  w i t h  excess v i t r i n i t e .  
case was est imated f rom t h e  g.c. t race.  

t i l e  po lymer ic  m a t e r i a l ,  nor  h i g h  mo lecu la r  we igh t  products  o f  r e a c t i o n  w i t h  v i t r i -  
n i t e ,  i t  i s  p o s s i b l e  t h a t  t h e  v i t r i n i t e  is  a c t i n g  n o t  as a hydrogen donor, b u t  
merely as a c a t a l y s t ,  and t h a t  t h e  source o f  t h e  hydrogen f o r  t h e  hydrogenolyses 
comes f rom the  1,2-diphenyl-1-p-tolylethane o r  f rom t h e  1,3-diphenylpropane. To 
c i rcumvent  t h i s  problem, we heated benzophenone t o  400" f o r  one hour a )  i n  t h e  
presence o f  excess t e t r a l i n ,  and b )  i n  the  presence o f  excess v i t r i n i t e .  The ma jo r  
products  are diphenylmethane and water, w i t h  t races  o f  t o luene  and benzene. The 
r e a c t i o n  i n  t e t r a l i n  proceeded t o  the  e x t e n t  o f  o n l y  12%, whereas i n  t h e  presence o f  
v i t r i n i t e  35% r e a c t i o n  had occurred.  

Reactions o f  T e t r a l i n  o t h e r  than Hydrogen Donation 

The major  products  i n  bo th  

Also g iven i n  Table I a r e  com a r i sons  o f  t h e  e x t e n t  r e a c t i o n  o f  

The e x t e n t  r e a c t i o n  i n  each 

Since the  r e a c t i o n s  were moni tored by g.c., which would de tec t  n e i t h e r  nonvola- 

V. F. Raaen (3 )  showed r e c e n t l y  t h a t  t e t r a l i n - 1 - " C  r e a c t s  w i t h  Wyodak coal  a t  
400" (1  hour) t o  t h e  e x t e n t  t h a t  t h e  p y r i d i n e - i n s o l u b l e  res idue  con ta ins  chemica l l y  
bound carbon-14 equ iva len t  t o  5% t e t r a l i n  by weiqht. Fu r the r ,  when t h e  res idue  was 
reheated i n  normal t e t r a l i n  (400°, one hour)  t h e  r e i s o l a t e d  so l ven t  con ta ined  no 
measurable amount o f  e i t h e r  t e t r a l i n - I 4 C  o r  o f  naphthalene-"C. 
ever, t races o f  l abe led  a l k y l a t e d  naphthalenes, which were i d e n t i f i e d  by g.c. 
r e t e n t i o n  t imes as 1- and 2 - s u b s t i t u t e d  methy l -  and ethy lnaphthalenes.  These 
products  undoubtedly a r i s e  as a r e s u l t  o f  f r e e  r a d i c a l  i n te rmed ia tes .  Ne t h e r e f o r e  
i n v e s t i g a t e d  t h e  p o s s i b i l i t y  t h a t  methy l -  o r  e thy lnaphthalenes cou ld  be produced by 
the  r e a c t i o n  o f  t e t r a l i n  w i t h  s t r u c t u r e s  c o n t a i n i n g  aromat ic  mo ie t i es  separated by 
two o r  more methylene groups, o r  w i t h  a r y l  a l k y l  e the rs .  Both tyDes o f  s t r u c t u r e  
(4,5) a r e  known t o  be present  i n  d i f f e r e n t  k inds  and ranks o f  c o a l .  

t e t r a l i n  f o r  va ry ing  pe r iods  o f  t ime.  
q u a n t i t i e s  o f  methy l -  and ethy lnaphthalenes i n  a d d i t i o n  t o  o t h e r  products .  
a r e  t h e  reac t i ons  o f  1,3-diphenylpropane and o f  phenetole, both o f  which were 
i nves t i ga ted  w i t h  carbon-14-labeled species. The products  were analyzed a )  by 
gas chromatography combined w i t h  r a d i o a c t i v i t y  mon i to r i ng  o f  carbon-14-labeled 
products; b)  by gas chromatography equipped w i t h  mass spect rographic  analyzers (5); 
and c )  by i s o l a t i o n  o f  s p e c i f i c  products  us ing  p r e p a r a t i v e  g.c. (6)  f o l l o w e d  by nmr 
a n a l y s i s  (Var ian XL-100 Spectrometer). Given i n  Tables I1  and 111 a r e  t h e  major 
products  obta ined - toge the r  w i t h  app rop r ia te  y i e l d s  - from t h e  r e a c t i o n s  o f  
1,3-diphenylpropane and phenetole, r e s p e c t i v e l y ,  w i t h  t e t r a 1  i n .  

T h e i r  genesis from t h e  r e a c t i o n  o f  1,3-diphenylpropane-2-'"C ('"C=*) and t e t r a l i n  
was determined as f o l l o w s :  * 

There were, how- 

We heated severa l  d i a r y l a l  kanes and a r y l  a1 k y l  or a r a l k y l  e the rs  t o  400" i n  
Many o f  these r e a c t i o n s  y i e l d e d  measurable 

Typ ica l  

The 1- and 2-methylnaphthalenes were i s o l a t e d  and i d e n t i f i e d  by nrnr a n a l y s i s .  

The m ix tu re  o f  e thy lnaphthalenes was i d e n t i f i e d  by g.c. r e t e n t i o n  t imes and r a d i o -  
a c t i v i t y  assay by means of t h e  g.c. r a d i o a c t i v i t y  moni tor .  Traces o f  methy l indane 
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Table I1 
Major Products and Yields Obtaineda on Heating 1,3-Diphenyl- 

propane with Tetralin One Hour at 400" 

To1 uene 
Ethyl benzene 
1 -  and 2-(E-Phenylethyl) tetral ins 
1,4-Diphenylbutane 
1- and 2-Methylnaphthalenes 
Styrene 
1,3-Diphenyl propene 
Methyldihydronaphthalenes 

1,2-Diphenylethane 
1 -  and 2-(2-Phenylethyl) naphthalenes 
Other 

a8ased on 1,3-diphenyl propane consumed. 

28% 
19 
a 
5 
3 
1.5 
1.5 

34 

Table 111 
Major Products and Yields Obtained on Heating Phenetole 

with Tetralin Eighteen Hours at 400" 

Phenol 
Methylnaphthalenes 
To1 uene 
Ethyl benzene 
Ethyl naphtha1 enes 
Methyl tetral ins 
Ethyl phenol 
Ethyl tetral ins 
Ethyl methyl benzene 
Methylindane 
Butyl benzene 

37% 
13 
7 
7 
7 

4 
3 
3 

From Decomposition 
of Tetra1 in 

and of butylbenzene were always present after reactants were heated with tetral in. 
That these latter two products were derived from tetralin was demonstrated by the 
fact that they contained carbon-14 when tetralin-"C was used in the reaction. In 
like manner, labeled phenetole and tetralin were subjected to the conditions of 
reaction with the following results: 
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It i s  clear from the isotopic labeling experiments that tetralin has entered into 
the reaction both with 1,3-diphenylpropane and with phenetole. 
nicely accommodated by the postulation of radical intermediates. A possible 
mechanism for the reaction o f  1,3-diphenylpropane is indicated: 

The results are 

PhCHztHzCHzPh ---+ 

* 2PhCHzCHz. + 

PhCHZCHz. + 
+ 
CHzCHzPh 

---+ 

PhCH3 + a 
PhCHztH3 + a 

* *  
PhCHzCHzCH2CHzPh 

tH 3 
* +a* mCH3 

U B  U B  
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