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ORGANIC PREPARATIONS AND PROCEDURES INT. 3(5 ) ,  239-242 (1971) 

AN IMPROVED SULFONIC ACID-RESIN CATALYZED CYCLIDEHYDRATION OF 

2-METHYL-4-PHENYL-2-BUTANOL TO 1,l-DIMETHYLINDAN 
Ib W. M. Harmsla and E. J. Eisenbraun 

Department of Chemistry, Oklahoma State University 
Stillwater, Oklahoma 74074 

1,1-Dimethylindan (111) is of interest as an intermediate in the 

preparation of substituted indans and indanones. It may be considered to 

be the initial stable product of the sulfuric acid-catalyzed cyclialkyla- 

tion reaction of isoprene and benzene. 2a-c9g 

reaction is impractical for the preparation of 111, we undertook a study 

of the cyclidehydration2d-f of 2-methyl-4-phenyl-2-butanol (I) 

shown below. 

Since the cyclialkylation 

to 111 as 

This study included the use of Bradsher’s reagent3‘ (48% 

I IIa 

HBr and acetic acid), sulfuric acid, 

fonic acid resin Amberlyst-15 (A-15). 

formic acid,3b and the sul- 
3c 

Of the reagents studied, A-15 gave the best overall results and it 

was the most convenient to use.3d 

studies show that initially, the A-15 catalyst functions as a dehydrating 

agent since all of I rapidly disappears from the reaction mixture with 

concomitant formation of IIa and IIb. These olefins are then cyclized at 

Our gas-liquid chromatography (glc) 
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W .  M .  HARMS AND E .  J .  E I S E N B R A U N  

the reflux temperature of benzene to I11 in 61-80% yield in 1-5 hr. The 

rates of disappearance of I, IIa, and IIb and the yield of I11 appear to 

be concentration-dependent (Table I). 

TABLE I 

A-15 CATALYZED CYCLIDEHYDRATION OF I IN REFLUXING BENZENE 

% Yield Distillation 
I I11 Residue (g)c 

a b Moles Time 

0.1 1.0 80 3 . 3  

0.2 1 . 3  75 5.6 

0 . 3  2.0 67 10.6 

0.5 2.8 65 15.4 

1.0 5.0 61 41.7 

a )  In 1500 ml benzene containing 25 g A-15 resin. b )  JIr 
required for all of I and olefins IIa and IIb to disappear 
as reactants as shown by glc of samples at 200" on a 12-ft 
x 0.25-in. column of Chromosorb G treated with DMCS and 
coated with 5% UC W-98 silicone rubber. c) This residue 
contains a mixture of five dimers as shown by glc at 260" 
and the mass spectrum of  the mixture (70 eV), m / e  292.3e 

Solvent-temperature effects on cyclidehydration were investigated. 

The yield increased in the order toluene (67%), cyclohexane (70%), ben- 

zene (75%), and p-xylene (80%), each at the reflux temperature. 

of separation of I11 from solvent led us to select benzene for its prep- 

aration. The optimum conditions with this solvent were determined 

The ease 

through the concentration studies shown in Table I. 

with solvent shows an increase in yield of I11 and a lessening of conden- 

sation products. 

As expected, dilution 

In comparison to the results obtained with A-15, Bradsher's reagent 3a 

required 92 hr of reflux time and while the yield of crude product was 
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AN IMPROVED SULFONIC ACID-RESIN CATALYZED CYCLIDEHYDRATION 

higher (80-85%), t he  presence of un ident i f ied  impurit ies4 a showed the  

lat ter reagent t o  be less s u i t a b l e ;  s u l f u r i c  ac id  is a l s o  l e s s  s u i t a b l e  

than A-15. A s  expected,* a-c su l fona t ion ,  condensation t o  higher-weight 

hydrocarbons and tar formation cause a lowering i n  

60%. 

of unreacted I ,  ester,ltb o l e f i n s  IIa,  I I b ,  and 111, and consequently, t he  

of I11 t o  

Formic acid-catalyzed cyclidehydration led t o  a va r i ab le  mixture 

use of t h i s  reagent w a s  no t  inves t iga ted  fu r the r .  

EXPERIMENTAL 

Dehydration of I t o  2-Methyl-4-phenyl-1-butene (114 and 3-Methyl-l- 

phenyl-1-butene ( I I b ) .  To a 100-ml, two-neck f l a s k  equipped wi th  hea t ing  

mantle, Teflon-coated magnetic s t i r r i n g  bar ,  condenser, and thermometer 

were added 2 g of dried5 A-15 c a t a l y s t ,  5 g of I and 50 m l  cyclohexane. 

The temperature w a s  r a i sed  t o  65" and held f o r  80 min. The c a t a l y s t  was 

removed by f i l t r a t i o n  and t h e  mixture w a s  d i s t i l l e d .  A f r a c t i o n  weighing 

4.15 g (93%), bp 50-53" (0.4 m), containing 1Ia : I Ib  (1:4) was co l l ec t ed .  

Prepara t ive  g l c  (UC W-98) provided pure samples of IIa and I I b .  Com- 

parison of the  i r ,  nmr, and g l c  da ta  of IIa and I I b  wi th  au then t i c  mater- 

i a l s  e s t ab l i shed  t h e i r  s t r u c t u r e s .  

Cyclidehydration of I t o  1,l-Dimethylindan (111). To a 3-l., three- 

neck, round-bottom f l a s k  equipped with mechanical stirrer, Dean-Stark 

t rap6  and an addi t ion  funnel were added 1.5 1. of d i s t i l l e d  benzene and 

25 g of d r i ed  A-15 ca ta lys t .3c .5  The mixture w a s  s t i r r e d  and heated t o  

the  r e f l u x  temperature. A 32.8 g (0.2 mole) sample of I was added over 

3 min and the  mixture w a s  heated under r e f l u x  f o r  2 h r ,  cooled and f i l -  

t e red .  

t he  temperature rose  above 80'. D i s t i l l a t i o n  a t  37-40' (0.7 mm) gave 22 

g (75%) of 111: 

The f i l t r a t e  w a s  d i s t i l l e d  through a 6-in. Vigreux column u n t i l  

bp 190-191' [lit.2e 189-191'1. 
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