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SYNTHESIS OF 2,3-DIHYDRO-3-METHYL-1-(2-NAPHTHYL)-lH-BENZ[e]INDENE 

AND 1,1,3-TRIMETHYL-3-PHENYLINDAN 

W. P. Duncan and E.  J. Eisenbraunx 

S t i l l w a t e r .  Oklahoma 74074 U.S.A. 
Department of Chemistry, Oklahoma S t a t e  Univers i ty  

and A. R. Taylor and G. W. Keen 

Ponca C i t y ,  Oklahoma 74601 U.S.A. 
Research and Development Department, Cont inenta l  Oil Company 

cis- and trans-2,3-Dihydro-3-methyl-l-(2-naphthyl)-lH-benz[e]indene 
1 

(IVa and IVb) have been prepared from I1 o r  111 as shown i n  Scheme I .  

Pure IVa w a s  ob ta ined  i n  34-40% o v e r a l l  y i e l d  by r e c r y s t a l l i z a t i o n .  

a n a l y s i s  i n d i c a t e s  t h a t  t h e  2-naphthyl and methyl groups of IVa are cis 

NMR 

t o  each o t h e r  as shown by t h e  downfield s h i f t  of t h e  methyl proton reso- 

nance t o  1.39 6.' O f  t h e  reagents  used, Amberlyst-15 (A-15) gave b e t t e r  

y i e l d s  of I V a  and IVb than  PPA and w a s  t h e  most convenient  t o  use. 

Once formed, IVa and IVb are s t a b l e  t o  t h e  r e a c t i o n  condi t ions  used i n  

t h e i r  p repara t ion .  
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SCHEME I 

I d 

IVa IVb 

(C4Hg)zAlH i n  benzene. bKHS04, A ,  minera l  oil. 'PPA, A .  a 

dA-15 i n  cyclohexane a t  r e f l u x .  
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DUNCAN, EISENBRALJN, TAYLOR AND a E N  

In contrast to I1 or 111, which react v ia  a secondary benzylic 

carbonium ion, a-methylstyrene (V) would be expected to dimerize and 

cyclize in good yield.6 

gave 1,l93-trimethyl-3-phenylindan (VI) in 80-84% yield. Larger-scale 

reactions are conveniently carried out using A-15 and conditions may be 

adjusted so that the dimerization is complete in 3 to 4 hr. The reaction 

is easily followed with gas chromatography using a UC W-98 column. We 

determined optimum reaction conditions for dimerization of one mole of 

Thus V, upon refluxing with A-15 in cyclohexane, 

a-methylstyrene by varying proportions of resin as reported in Table I. 

SCHEME I1 

A-15, A 

cy clohexane’ 

IX VII VIII 

Amberlyst-15 may be reused for the dimerization of V and its effi- 

ciency appears to improve with use. Continued magnetic stirring reduces 

the particle size of the catalyst and it is likely that this influences 

the catalyst activity by increasing diffusion at the surface. A decrease 

in reaction time did not change the yield (ca. 80%) when 1 mole of V, 

0.6 L of cyclohexane, and 92 g of A-15 were magnetically stirred at 

reflux for 7 hr and the A-15 then collected and reused in additional runs 

for 4, 2.5, 0.8, and 0.8 hr respectively, Changes in volume of solvent 

also showed no effect. 
I An attempt was made to isolate pure samples of the dimerized olefins 

VII, VIII, and IX which occur as intermediates to VI in the dimerization 

of V with A-15 as shown in Scheme 11. 
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TABLE I 

DIMERIZATION OF ONE MOLE OF a-METHYLSTYRENE (V) 

Cyclohexane A-15 T i m e  , Temp. , Yield  of 
Run used, II used,  g h r  O C  V I ,  % 

1 2.5 25 74 25 80 

2 1.0 50 11 80 81 

3 1.0 25 11 80 80 

4 0.5 25 11 80 81 

5 0.6 92 7 80 84 

6 2 .0  94 2.5 80 80 

EXPERIMENTAL 

cis- and trans-2,3-Dihydro-3-methyl-l-(2-naphthyl)-lH-benz[e]indene (IVa 

and IVb) and 1-(2-Naphthy1)-ethanol (11) , and 2-Vinylnaphthalene (111) .- 
I1 and 111 were prepared as o u t l i n e d  previous ly .  

Acid-Catalyzed Dimerizat ion of I1 t o  I V  wi th  PPA.- A mixture  of I1 

(65.0 g ,  0.38 mole) and PPA (650 g) w a s  allowed t o  s t a n d  a t  room tempera- 

t u r e  f o r  24 h r .  A deep purp le  c o l o r  developed immediately. The r e a c t i o n  

w a s  completed by h e a t i n g  on a steam b a t h  f o r  0.5 h r  w i t h  o c c a s i o n a l  s t ir-  

r i n g .  The r e s u l t i n g  r e a c t i o n  mixture  was poured i n t o  2 II of  cold water 

wi th  s t i r r i n g .  A f t e r  complete decomposition was e v i d e n t ,  t h e  aqueous 

mixture  was e x t r a c t e d  s e v e r a l  times w i t h  500-ml p o r t i o n s  of e t h e r ,  washed 

w i t h  d i s t i l l e d  water, d r i e d  (Na2S04) and concent ra ted  ( r o t a r y  evapora tor )  

t o  g ive  60.5 g of crude products .  G l c  a n a l y s i s  i n d i c a t e d  a mixture  of 

t h r e e  nonsteam-volat i le  products ,  of which t h e  major peak made up 80% of 

t h e  mixture.' The r e s u l t i n g  r e a c t i o n  mixture  w a s  d i s t i l l e d  under reduced 

p r e s s u r e  (bp 200-203"/0.1 mm), e l u t e d  through a b a s i c  alumina column wi th  

petroleum e t h e r  (bp 60-68"), and r e c r y s t a l l i z e d  from 2-propanol t o  g i v e  

pure  IVa, 17.5 g (30%): 

6.18, 6.58, 6.87, 7.25, 7.48, 9.07, 1 1 . 2 2 ,  and 11.64 p; pmr (CC14, TMS) 

6 6.83-6.90 (m, 13, ArE), 4.81 ( t ,  1, d i b e n z y l i c ) ,  3.54-3.20 (m, 1, 

8 

mp 124-126"; i r  (CC14) 3.27, 3.37 3.48, 6.05, 
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DUNCAN, EISENBRAUN, TAYLOR AND KEEN 

benzyl ic)  3.15-2.80 (my 1, one pro ton  of -C%), 1.94-1.59 (m, 1, one 

proton of C€12), 1.39 (d, 3, CH3). 

Anal. Calcd. f o r  C24H20: C,  93.46; H, 6.54. Found: C ,  93.00, 

H ,  6.55. 

D i m e r  IVb was n o t  i s o l a t e d .  Its presence  i n  t h e  mother l i q u o r  from 

IVa i s  supported by pmr absorp t ion :  6 4.88 ( t ,  d i b e n z y l i c ) ,  3.7-3.3 

(my benzyl ic )  , 2.5-2.2 (my -CH2-) , and 1.33 (d,  CH3). 

Acid-Catalyzed Dimerizat ion of 2-Vinylnaphthalene (111) w i t h  PPA.- A 

mixture  of 111 (4.62 g ,  0.03 mol) and PPA (25 g) was caused t o  react as 

descr ibed above. 

IVa, 1 .5  g (30%),  mp 124.5-126.5'. 

Acid-Catalyzed Dimerizat ion of I1 w i t h  Amberlyst-15.- To a 3-11 r e a c t i o n  

f l a s k  provided with a r e f l u x  condenser and magnetic s t irrer w a s  added I1 

(86 g, 0.50 mol), cyclohexane (2 a ) ,  and A-15 (94 9 ) .  A f t e r  be ing  hea ted  

a t  r e f l u x  f o r  5 h r ,  t h e  r e a c t i o n  mixture  w a s  cooled,  decanted,  and con- 

c e n t r a t e d  ( r o t a r y  evapora t ion) .  D i s t i l l a t i v e  and chromatographic work-up 

as b e f o r e  followed by r e c r y s t a l l i z a t i o n  from 2-propanol gave 31 g (40%) 

of IVa, mp 124-126'. 

1,1,3-Trimethyl-3-phenylinaan (TI).- I n  a procedure l i k e  t h a t  descr ibed  

f o r  t h e  p r e p a r a t i o n  of I V  wi th  A-15 (except  t h a t  t h e  product  w a s  n o t  

e l u t e d  through a column of a lumina) ,  a-methyls tyrene (118 g, 1 .0  mol) 

gave 99.5 g of V I ,  bp 115-118"/1.0 mm (lit. ' '  154-155'/8 mm). 

sample of t h e  c l e a r  v i scous  o i l  t r i t u r a t e d  w i t h  95% e t h a n o l  gave color-  

Using t h e  work-up procedure descr ibed  f o r  I1 gave pure 

A small 

.. 
11 less c r y s t a l s  of VI, mp 50-52' ( l i t .  51-52'), These c r y s t a l s  were then 

used t o  seed t h e  e n t i r e  r e a c t i o n  product  t o  g i v e  99 g of V I ,  mp 50-52'. 

R e c r y s t a l l i z a t i o n  from 95% e t h a n o l  gave 97 g (83%) of pure  V I ,  mp 51-52'. 

The pmr spectrum, o t h e r  s p e c t r a l  d a t a ,  and p h y s i c a l  p r o p e r t i e s  agreed 

wi th  repor ted  va lues .  lo'll 

and V are repor ted  above and i n  Table I. 

The r e s u l t s  of t h e s e  experiments us ing  A-15 
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