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CHROMIC A C I D  O X I D A T I O N  OF INDANS AND HYDRINDACENES. 
SYNTHESIS OF 1 , l - D I M E T H Y L I N D E N E  

l b  
W .  M.  H a r m s l a  and E .  J .  Eisenbraun  

Departmen't o f  Chemistry,  Oklahoma S ta t e  U n i v e r s i t y  
S t i l l w a t e r ,  Oklahoma 74074 

The o x i d a t i o n  of i ndans  and hydr indacenes  i s  an a t t r a c t i v e  s y n t h e s i s  

s t e p  s i n c e  t h e  r e s u l t i n g  ke tones  a r e  u s e f u l  i n t e r m e d i a t e s  f o r  p r e p a r i n g  

indenes  and t h e i r  homologs by r e d u c t i o n 2  and dehydra t ion .  The conve r s ion  

t o  ke tones  a l s o  may be used f o r  p u r i f i c a t i o n  of i ndans  and hydr indacenes  

s i n c e  they  and t h e i r  d e r i v a t i v e s  a r e  r e a d i l y  r econve r t ed  t o  hydrocarbons 

by hydrogeno lys i s .  4 

5a-d Acid-ca ta lyzed  c y c l i a l k y l a t i o n  of a r e n e s  h a s  made a broad v a r i e t y  

of i ndans  and hydr indacenes  a v a i l a b l e  f o r  s t u d y .  We have used  chromic 

anhydr ide -ace t i c  a c i d  o x i d a t i o n  t o  o b t a i n  3,3-dimethyl-l-indanone (11) 

and t h e  o t h e r  ke tones  l i s t e d  i n  Table  I. I n  a d d i t i o n ,  w e  have reduced 

and dehydra t ed  I1 t o  1 , l -d ime thy l indene  (IV) i n  67% o v e r a l l  y i e l d  as shown. 

aCr03, CH3C02H. b(C4H9)2AlH. c Amberlyst 15  i n  cyc lohexane ,  A .  

The most e f f e c t i v e  method f o r  c a r r y i n g  ou t  t h e  o x i d a t i o n  s t e p  of t h e  

sequence i n v o l v e s  t h e  use  of an  e x c e s s  of  a s t i r r e d  d i l u t e  s o l u t i o n  of CrOg 

i n  a c e t i c  a c i d  a t  room t empera tu re .  Th i s  s imple  p rocedure  a f f o r d s  t h e  

. 

y i e l d s  of  ke tones  shown i n  Tab le  I. Our ear l ier  e f f o r t s  t o  per form t h i s  

o x i d a t i o n  i n  more c o n c e n t r a t e d  s o l u t i o n 6 a  o r  i n  acetic anhydr ide6b gave 

low y i e l d s  owing t o  incomple te  o r  e x c e s s i v e  o x i d a t i o n .  The u s e  of s i l v e r  
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W .  M .  HARMS AND E .  J .  E I S E N B R A U N  

Ketone 

I1 

V 

V I  

V I I  

V I I I  

IX 

0 

0 

TABLE L 
CHROMIC ANHYDRIDE OXIDATION PRODUCTS 

d 0 

% % Calcd (Found) 
m.p., 'C Yield C H 

bp 70" 
(0.2 mmIU 88 

92 b 49-51 

c 
50-51 87 

81-82 87 84.16 (84.30) 8.83 (8.76) 

98-99 g o  84.16 (84.28) 8.83 (8.67) 

186-188 88 84.32 (84.30) 9.44 (9.44) 

a 5d 7 c 8  
L i t .  b.p.  107" (4.7 mm).  b L i t .  b.p. 180-182" ( 1 4  mm). L i t .  
51-51.8" 

p e r s u l f a t e 6 c  gave m u l t i p l e  products  ( g l c  a n a l y s i s ) ,  and ox ida t ion  wi th  

potassium permanganate us ing  a phase- t ransfer  technique6d was i n e f f e c t i v e .  

9a,b EXPERIMENTAL 

General Conditions of  t h e  Reaction. A sample of t h e  hydrocarbon ( 1  t o  

15 9.)  is  d i s so lved  i n  1 1. of a c e t i c  acid." A 10% s o l u t i o n  of C r O j  

(prepared by d i s s o l v i n g  2 1  g. of Cr03 i n  190 m l .  of  a c e t i c  a c i d  and 10 m l .  

of water)  i s  introduced t o  t h e  magnet ical ly  s t i r r e d  s o l u t i o n  through an 

a d d i t i o n  funnel  a t  a ra te  such t h a t  t h e  r e a c t i o n  temperature remains below 

30". 

of 413 moles of C r O  

Best r e s u l t s  were obtained by using t w i c e  t h e  s t o i c i o m e t r i c  amount 

pe r  methylene group. 3 
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CHROMIC ACID OXIDATION OF INDANS AND HYDRINDACENES 

The reaction mixture is stirred overnight and then diluted with six 

volumes of water. The mixture is extracted with ether or filtered, 

depending upon the physical properties of the product monoketone. The 

following procedures are illustrative. 

Oxidation of 1,l-Dimethylindan (I) to 3,3-Dimethyl-l-indanone (11). 

To a stirred mixture of 5.85 g. (0.04 mole) of I dissolved in 1 1. of 

acetic acid was added 107 ml. of 10% Cr03 in acetic acid (see above) over 

a 30-min. period. The reaction temperature remained below 30". The solu- 

tion was stirred overnight, diluted with 5 1. of water, and extracted with 

two 1-1. portions of ether. 

10% NaOH, dried (MgS04), and concentrated by distillation. 

gave 6.0 g. of orange-colored oil. Distillation gsve 5.6 g. (88%) of 

colorless 11: 

ArH), 2.44 (s, 2, ArCOCH2), and 1.40 (s, 6 ,  gern-CH3); glc 

The combined ether extract was washed with 

This procedure 

ir (film) 1709 (C=O) cm-'; nmr (CC14) 6 7.59-7.05 (m, 4, 

9a,b single peak. 

3,3-Dimethyl-l-indanol (111). To a 3-necked, 2-1. flask equipped 

with Teflon-coated magnetic stirring bar, nitrogen flush, and a thermom- 

eter was added 400 ml. of dry benzene and 29 g. (0.2 mole) of diisobutyl- 

aluminum hydride.' 

of 24 g. (0.15 mole) of crude 3,3-dimethyl-l-indanone in 400 ml. of 

The flask was immersed in cold water and a solution 

benzene was added over 20 min. Stirring was continued for an additional 

20 min. and then the reaction mixture was poured onto ice. The pH of 

the mixture was adjusted to ca .  4 with 15% HC1. The mixture was extracted 

with three 600-1111. portions of ether, and the combined ether extract was 

washed with 10% NaOH and dried (MgS04). 

yellow oil. Distillation gave 22.5 g. (94%) of 111: bp. 71' (0.2 mm) 

[lit.5d 107" (4.2 mm)]; ir (film) 3360 (OH) cm 

with lit.5d values; glcSaSb single peak. 

Evaporation left 24 g. of 

-1 ; the nmr spectrum agreed 

1,l-Dimethylindene (IV). To a 1-l., 2-necked flask equipped with 

stirring bar, addition funnel, and Dean-Stark trap were added 10 g. of 
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W. M. HARMS AND E.J. EISENBRAUN 

dried Amberlyst-1513 and 300 ml. of dry cyclohexane. 

was brought to reflux. A 24-g. (0.15 mole) sample of 3,3-dimethyl-1- 

The stirred mixture 

indanol was added over a 20-min. period, Reflux was continued for 30 

min., the mixture was filtered, and cyclohexane was distilled from the 

filtrate to give 21 g .  of oil. Distillation gave 17.3 g. (81%) of IV: 

bp. 33" (0.2 mm) (lit.5d 57" (4.8 mm)]; the nmr spectrum agreed with the 

published spectrum;5d glc9a'b single peak. 

An oxidation and isolation procedure identical to that described for 

the conversion of I to I1 gave: 

5-tert-Butyl-3,3-dimethyl-l-indanone (V) : ir (film) 1712 (C=O) cm-l; 

nmr (CC14) 6 7.38, 7.31 (s, 2, ArH), 2.42 ( s ,  2, ArCOCH2), 1.40 (s, 6, 

gem-CH3), and 1.35 (s, 9, C(CH3)3); glc 
9a,b single peak. 

6-tert-Butyl-3,3-dimethyl-l-indanone (VI) : ir (film) 1720 (C=O) cm-'; 

nmr (CC14) 6 7.48 (m, 2, ArH), 7.30 (s, 1, ArH), 2.43 (s, 2, ArCOCH2), 

1.39 ( s ,  6 ,  gern-CH3), and 1.33 ( s ,  9, C(CH3l3); glc single peak. 

3,3,7,7-Tetramethyl-s-hydrindacen-l-one (VII). A mixture of 4 g. 

(0.18 mole) of 1,1,5,5-tetramethyl-~-hydrindacene,~~ 1 1. of acetic acid 10 

and 50 ml. of 10% CrO in acetic acid (see above) was prepared and stirred 

for 24 hr. Water (6  1.) was added and the pink slurry was filtered. 

3 

The filtrate was extracted with three 1-1. portions of ether; the 

ether solution, after drying (MgSO ) and evaporation, gxve 1.17 g. of 4 
orange solid. This was combined with the solid isolated by filtration 

and the mixed crystals were recrystallized from petroleum ether (bp. 68") 

and sublimed at 75* (0.1 mm) to give 3.7 g. (87%) of colorless VII: ir 

( K B r )  1715 (C=O) cm-l; nmr (CC14) 6 7.28, 7.13 (s, 2, ArH), 2.92 (t, 2, 

ArCH2), 2.43 ( s ,  2, ArCOCH2), 1.95 (t, 2, ArCH CH ) and 1.38, 1.28 (9 ,  12 

9a,b gern-CH3) ; glc single peak. 

2 -2 
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A procedure similar to that used for preparation of VII was used to 

prepare VIII and IX. 

3,3,5,5-Tetramethyl-s-hydrindacen-l-one (VIII): ir (KBr) 1705 (C=O) 

cm-l; nmr (CC14) 

ArCOCH2), 1.97 (t, 2, ArCH CH 

single peak. 

7.39, 7.09 (s, 2, ArH), 2.93 (t, 2, ArCH2), 2.47 (s, 2, 

9a,b and 1.42, 1.30 (s, 12, gem-CH3); glc 2 -2 

3,3,4,5,5,8-Hexamethyl-s-hydrindacen-l-one (IX): ir (KBr) 1710 

(C=O) cm-I; nmr 6 2.73 (t, 2, ArCH2), 2.43 (overlapping s, 5, ArCH3 and 

ArCOCH2), 1.89 (t, 2, ArCH CH ) and 1.49, 1.36 (s, 12, gemCH3). 2 -2 

The ketone IX was prepared from previously undescribed 1,1,4,7,7,8- 

5a hexamethylhydrindacene: 

2.28, 2.03 (s, 6, ArCH3), 1.82 (t, 4, ArCH2CE2), 1.31 (s, 12, gem-CH3). 

Anal. Calcd. for Cl8HZ6: C, 89.19; H, 10.81. Found: C, 89.29; 

mp. 135-136'; nmr (CC14) 6 2.62 (t, 4 ,  ArCH2), 

H, 10.76. 
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