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ORGANIC PREPARATIONS AND PROCEDURES INT. 10( 3 ) ,  123-131 (1978) 

SYNTHESIS OF 1,l -DIMETHYLINDANE DERIVATIVES HAVING 

SYNTHETICALLY USEFUL SUBSTITUENTS AT THE 5- AND 6-POSITIONS 

James G. Smith* and M. Patricia Massicotte 

Guelph-Waterloo Centre for Graduate Work in Chemistry 

Department o f  Chemistry, University of Waterloo, Waterloo, Ontario, Canada 

Surprisingly few 1,l-dimethylindanes substituted in the 5-position 

with a synthetically useful functional group (e.g. -Br, -NHz) are avail- 

able. This communication describes our  preparation of 5-amino-, 5-bromo- 

and 6-bromo-1,l-dimethylindane (VI, VIII and IX). The most useful 

compound reported was 5-nitro-1,l -dimethylindane prepared2 '3  as shown in 

Scheme 1. Hydrogenation of the final nitroindane to 5-amino-1,l-dimethyl- 
1 

indane has been described; functional group transformation via the 

diazonium salt is an obvious means of elaborating the 5-position. 

The most serious flaw of this synthesis is the Wolff-Kishner 

reduction o f  IV to V which utilized' the semicarbazone of IV and provided 

a low yield (-25%) o f  V. It was found that IV could be hydrogenated 

directly to VI under acidic conditions. Under neutral conditions only 

the nitro group was hydrogenated giving VII. 

were made in the synthetic sequence. 

reported2' 

problem. Purification of the crude acid was most conveniently effected 

by distillation of  the acid chloride ( 7 5 %  yield overall). 

of IIIa was accompanied by oxidation of IV t o  the nitro-a,cl-dimethyl- 

Two other improvements 

The hypochlorite oxidation was 

to be incomplete ; the use of hypobromite4 eliminated this 

The nitration 

homophthalic acid. This oxidat 

@ 1978 by Organic Preparations 

on presumably proceeded by initial 
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SMITH AND ElASSICOTTE 

n i t r o s a t i o n ’  of  IV caused by n i t r o u s  a c i d  i m p u r i t i e s  i n  t h e  n i t r i c  a c i d  

and was t h u s  a u t o c a t a l y t i c .  The procedure descr ibed  i n  t h e  experimental  

s e c t i o n  minimized t h i s  problem. 

’ P C O z H  

NaOC 1 

X 0 X X 

I a ,  b, c I I a , b , c  

0 
I 

90% HN03 1)  HzNNHCNH2 
2 )  KOH, 195’ Wgyj X 0 $qj 0 g lycol  02N 

- 
I I I a  ( X  = H) IV (from I I I a )  V 
I I I d  ( X  = 6-Br) 
I I I e  ( X  = 5-Br) 

H+ 
DEG KOH 1 HzNNHz Hz/Pd 

VI I a X = H  
b X = p-Br 
c X = m - B r  

VIII  (from I I I d )  IX (from I I I e )  V I  

Scheme 1 

In  a second approach t o  t h e  problem, t h i s  s y n t h e t i c  sequence 

commenced with bromobenzene i n  expec ta t ion  o f  o b t a i n i n g  t h e  s e r i e s  I b ,  

I I b  and I I I d .  Unfor tuna te ly ,  t h e  i n i t i a l l y  formed a l k y l a t i o n  product  

isomerizes  with ease t o  a 2 : l  meta:para mixture .  

temperature  and d u r a t i o n  o f  t h e  a l k y l a t i o n  r e a c t i o n  provided u s a b l e  

y i e l d s  o f  t h e  para-ke tone  I b  which was converted t o  6-bromo-3,3-dimethyl- 

Carefu l  c o n t r o l  of t h e  
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SYNTHESIS OF 1,l-DIMETHYLINDAIE DERIVATIVES 

1-indanone, I I I d .  

1 b : I c  e q u i l i b r i u m  mixture  by f r a c t i o n a l  d i s t i l l a t i o n  through a s p i n n i n g  

band column, i t  was more convenient  t o  o x i d i z e  t h e  ketone mixture  and 

s e p a r a t e  t h e  *-acid I I c  by c r y s t a l l i z a t i o n .  

chloi-ide gave a mixture  o f  5 -  and 7-bromo-3,3-dimethyl-l -indanone i n  which 

t h e  former ( I I I e )  predominated and was e a s i l y  s e p a r a t e d  by c r y s t a l l i z a -  

t i o n .  

While t h e  =-ketone I c  can be s e p a r a t e d  from t h e  

C y c l i z a t i o n  of t h e  a c i d  

Both I I I d  and I I I e  were reduced t o  t h e  corresponding indanes  by a 

Wolff-Kishner r e d u c t i o n .  

t r i e d  as well; t h e  former r e a c t i o n  f a i l e d  while  t h e  l a t t e r  produced 

c o n s i d e r a b l e  n o n - v o l a t i l e  by-products .  

Hydrogenation and Clemmensen r e d u c t i o n  were 

EXPERIMENTAL 

Melt ing p o i n t s  were measured i n  a Mel-temp appara tus  and a r e  uncor-  
r e c t e d .  I n f r a r e d  s p e c t r a  were recorded  on a Beckman IR-10 spec t rometer  
and nmr s p e c t r a  were recorded on a Perkin-Elmer R 1 2  spec t rometer  i n  
deuterochloroform ( u n l e s s  o t h e r w i s e  s p e c i f i e d )  with chemical s h i f t s  
r e p o r t e d  i n  6 u n i t s  downfield from i n t e r n a l  t e t r a m e t h y l s i l a n e .  
phase chromatography (vpc) was performed on a Varian 1520 ins t rument  with 
flame i o n i z a t i o n  d e t e c t o r s .  
was accomplished on 0 .05  - 0.20 nun s i l i c a  g e l  ( E .  Merck). A VG70-77 h i g h  
r e s o l u t i o n  mass spec t rometer  was used t o  o b t a i n  t h e  mass s p e c t r a l  d a t a .  

6-Nitro-3,3-dimethyl-l-indanone, ( IV).  Urea (0.2 g) was added t o  40 m l  

o f  90% n i t r i c  a c i d  and t h e  s o l u t i o n  a g i t a t e d  with an a i r  s t ream u n t i l  i t  

became c o l o r l e s s  (ca .  20 min) .  The a c i d  w a s  cooled t o  - 5" and 10 g 

(0.062 m) o f  3 ,3-dimethyl- l - indanone added dropwise with s t i r r i n g  a t  such 

a r a t e  t h a t  t h e  tempera ture  d id  n o t  exceed -10". 

a d d i t i o n ,  s t i r r i n g  was cont inued a t  -10 % 5" f o r  t h i r t y  min. and then t h e  

s o l u t i o n  was poured onto  i c e .  The s o l i d  (11.7 g) was f i l t e r e d  o f f ,  

washed with water, d r i e d  and r e c r y s t a l l i z e d  from methanol (100 ml) g i v i n g  

8 . 9  g (70%) o f  IV, mp 130-133". 

Vapor 

Column chromatography o f  t h e  crude products  

A f t e r  complet ing t h e  

I f  t h e  n i t r a t i o n  r e a c t i o n  mixture  was allowed t o  warm t o  + l o o  and 

t h e  r e a c t i o n  t ime extended an a d d i t i o n a l  60 min. ,  brown fumes o f  n i t r o g e n  
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SMITH AND MASSTCOTTE 

oxides were evolved and the yield of once recrystallized product fell to 

54%. The methanol filtrate was diluted with water, made basic with sodium 

carbonate and filtered. The filtrate was acidified, and the precipitate 

(an oily solid) boiled with 200 ml of water and the hot solution filtered 

through filter cell to remove some insoluble oil. 

5-ni t roa,cl-dimethylhomophthal ic  acid separated, mp 141-144'd, (and 

160-162' on remelting); IR (nujol) 3300 (broad, OH), 1740 and 1700 (C=O), 

1530 and 1350 (NOz), 1240, 1220, 1060 cm-'. Recrystallization from 

acetic acid containing a few drops of sulfuric acid converted the acid to 

its anhydride, mp 164-166', lit.2 mp 163-165'; IR (nujol) 1800 and 1760 

(anhydride), 1530 and 1360 (NOz), 1260, 1080, 1040, 690 cm-'; nmr 1.70 

(s, 6, C 3 ) ,  7.75 (d, 1, J = 8 Hz, H3), 8.68 (double d, J3,4 = 8 Hz, 

On cooling 2.4 g of 

J 4 , 6  = 2.5 Hz, 1, H4),9.08 (d, 1, J = 2.5 Hz, H6). 

6-Amino-3,3-dimethyl-l-indanone, (VII) . 6-Nitro-3,3-dimethyl-l-indanone 

(IV, 2.0 g) in 100 ml methanol was hydrogenated at 20' and 50 psi over 

100 mg of 5% Pd on charcoal for 8 hr. The mixture was filtered, the 

solvent evaporated whereupon the residue solidified, 1.5 g of VII (87%), 

11p 75-80'. 

small amount of isopropanol, adding 30-60' pet. ether and cooling to lo', 

mp 80-82'; IR (CC14) 3500 and 3400 (NHz), 2960, 1710 (C=O), 1630, 1500, 

1310 cm-'; nmr 1.38 (s, 6, CH3) ,  2.58 (s ,  2, C!z), 3.80 (broad s ,  2, NHz), 

6.8-7.4 (m, 3, aromatic H). 

5-Amino-1,l-dimethylindane, VI. 6-Nitro-3,3-dimethyl-l -indanone 

(IV, 2.0 g) was dissolved in 75 ml of glacial acetic acid containing 3 ml 

of 70% perchloric acid and the solution hydrogenated over 400 mg of 5% Pd 

on charcoal at 55 psi for 6 h r .  After filtering, the filtrate was 

diluted with 200 ml water containing 4 g of sodium hydroxide. 

solution was extracted three times with benzene, and the benzene extract 

An analytical sample was obtained by dissolving VII in a 

The aqueous 
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SYNTHESIS OF 1,l-DIMETHYLINDANE DERIVATIVES 

washed with water ,  d i l .  aqu. sodium carbonate  s o l u t i o n ,  d r i e d  and evapo- 

r a t e d  t o  g ive  1.32 g (87%) o f  VI as a brown o i l .  D i s t i l l a t i o n  gave 

1.15 g ,  bp 75-76' a t  0 . 2  mm o f  a p a l e  yel low o i l  whose s p e c t r a l  p r o p e r t i e s  

were i d e n t i c a l  t o  t h o s e  r e p o r t e d  , (benzamide mp 140-141.5'). 

4-(Bromophenyl) -4-methyl-2-pentanone 

(a)  p a r a  isomer,  ( I b ) .  A suspension o f  101 g (0.8 m) of  aluminum 

c h l o r i d e  i n  300 m l  o f  carbon d i s u l f i d e  and 84 m l  (0.96 m) o f  bromobenzene 

was cooled t o  10' i n  an i c e  bath and 69  m l  (0.64 m) o f  m e s i t y l  ox ide  

added over  a 45 min. p e r i o d  so t h a t  t h e  tempera ture  d i d  not  exceed 15'. 

A f t e r  an a d d i t i o n a l  20 min. s t i r r i n g ,  t h e  i c e  ba th  was removed and t h e  

r e a c t i o n  mixture  monitored by vpc u s i n g  a 6 f t  by 1/8 i n c h  column 

conta in ing  4% O V - 1 0 1  and 6% OV-210 on 80-100 mesh HP Chromosorb a t  130' 

( r e l a t i v e  r e t e n t i o n  time 1 c : I b  = 0 . 8 5 : l . O ) .  When t h e  c o n t e n t  o f  I c  

reached6 10% (2-3 h r )  o f  t h e  t o t a l  a l k y l a t i o n  product ,  t h e  r e a c t i o n  

mixture  was poured onto  i c e  and conc. HC1,  t h e  o r g a n i c  phase s e p a r a t e d ,  

washed with water and d i l .  aqu.  sodium b i c a r b o n a t e ,  d r i e d  and d i s t i l l e d  

g iv ing  54 .1  g (33%) of  I b ,  bp 102-120' a t  0 .2  mm, c o n t a i n i n g  5% o f  I c .  

R e d i s t i l l a t i o n  gave I b  , bp 100-104" a t  0 . 2  mm; IR ( n e a t )  2970, 1725 and 

1710 (C=O), 1500, 1360, 1005, 820 ( p a r a  s u b . )  cm-'; nmr (CClr) 1 . 3 8  ( s ,  6 ,  

C(CH,)2), 1 .80 ( s ,  3,  CH3C=O), 2.65 ( s ,  2 ,  CHzC=O), - 7.22 and 7.40 (ABq, 

J = 9 H z ,  4 ,  a romat ic  H ) .  

(b) meta isomer, ( I c ) .  The above r e a c t i o n  was r e p e a t e d  u s i n g  126 g 

(1.0 m) aluminum c h l o r i d e ,  158 g (1.2 m) bromobenzene i n  300 m l  o f  carbon 

d i s u l f i d e  and 73.6 g ( 0 . 8  m) o f  m e s i t y l  ox ide .  The r e a c t i n g  mixture  was 

allowed t o  r e f l u x  dur ing  t h e  a d d i t i o n  of  m e s i t y l  ox ide  and t h e  mixture  

was s t i r r e d  an a d d i t i o n a l  1 2  h r s .  

1 

The o r g a n i c  product ,  i s o l a t e d  as i n  ( a ) ,  was d i s t i l l e d  g i v i n g  

159 g (78%),  bp 100-110' a t  0 . 3  mm which, analyzed by vpc, was found t o  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
3
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



SMITH AND MASSICOTTE 

be 66% w- and 35%,para-bromoketone. 
careful vacuum fractionation through a spinning band column. 

tion gave Ic , bp 95-97' at 0.3 mm, 97% Ic by vpc; IR (neat) 2970, 1725 

and 1710 (C=O), 1600, 1570, 1480, 1360, 780 and 690 (meta sub.) cm-'; 

nmr (CCls) 1.38 (s, 6, C(C53)2), 1.81 (s, 3, C!3C=O), 2.64 ( s ,  2, CHzC=O), 

7.1-7.5 (m, 3, aromatic H). 

3-(Bromophenyl) -3-methylbutanoic acid 

(a) para, (IIb). The ketone Ib (54.1 g, 0.21 m) was oxidized with 

sodium hypobromite using the literature procedure4 to give 56.5 g IIb 

as a gummy solid. An analytical sample was obtained by repeated 

recrystallisations from 80-100' pet. ether, mp 67-69'; IR (nujol) 3000 

(broad, OH), 1700 (C=O), 1470, 1320, 1000, 820 (para sub.), 710 cm-'; 

nmr 1.45 (s, 6, C&), 1.62 (s, 2, CHz), 7.23 and 7.43 (ABq, J = 9 Hz, 4, 

aromatic H), 10.7 (s, 1, C02H). 

Separation can be effected by 

Redistilla- 

Generally, the crude acid was converted to its acid chloride with 

thionyl chloride and distilled, bp 103-110' @ 0.2 mm, 44.3 g (73%). 

(b) e, (IIc). The meta/para ketone mixture was oxidized by sodium 

hypobromite to give a brown gummy solid (125 g from 128 g of the ketone 

mixture), This solid was stirred with 250 ml of 30-60' pet. ether over- 

night, after breaking up the lumps manually. The insoluble material was 

filtered off (86.5 g, mp 74-90') and recrystallized twice from 200 ml of 

80-100' pet. ether to yield 41.2 g (32%) of IIc, mp 102-104', suffi- 

ciently pure for further use. An additional 10 g of less pure IIc can 

be obtained by concentrating the filtrates from the recrystallisations 

of  half volume. 

An analytical sample obtained by two additional recrystallisations 

from benzene had a mp 105-107'; IR (nujol) 3100 (broad, C02!), 1690(C=O) , 
1470, 1320, 1270, 980, 790 and 690 (meta sub.) em-'; nmr 1.40 (s, 6, 

12 8 
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SYNTHESIS OF 1,l-DIMETHYLINDANE DmIVATIVES 

C & ) ,  2.60 (s,  2 ,  C&),  7.1-7.5 (m, 4 ,  aromat ic  H ) .  

The a c i d  c h l o r i d e  was prepared  u s i n g  t h i o n y l  c h l o r i d e  and p u r i f i e d  

by d i s t i l l a t i o n ,  bp 101-110' a t  0.2 mm, 39.3 g (89%). 

Bromo-3,3-dimethyl-l-indanone 

(a)  6-bromo, ( I I I d ) .  The a c i d  c h l o r i d e  o f  I I b  (44.4 g ,  0.16 m) was 

added dropwise with s t i r r i n g  t o  a suspens ion  of 29.6 g (0.22 m) o f  

aluminum c h l o r i d e  i n  100 ml of  carbon d i s u l f i d e  a t  such a ra te  t h a t  t h e  

s o l v e n t  r e f l u x e d .  After a d d i t i o n  was complete ,  t h e  mixture  was r e f l u x e d  

f o r  one h r .  t h e n  s t i r r e d  a t  20' f o r  an a d d i t i o n a l  6 h r .  The r e a c t i o n  

mixture  was poured o n t o  ice  and conc. h y d r o c h l o r i c  a c i d  and t h e  hydro- 

lyzed  mixture  e x t r a c t e d  with e t h e r .  

water, d i l u t e  base,  d r i e d  (MgSOs) and evapora ted  g i v i n g  36.1 g o f  c rude  

product  mp 90-115". 

2 2 . 2  g (60%) mp 115-118' as a ye l low s o l i d .  

ob ta ined  by subl imat ion  a t  75' and 0 . 1  mm ( t o  remove t h e  p e r s i s t e n t  

c o l o r )  fol lowed by r e c r y s t a l l i s a t i o n  from e t h a n o l ,  mp 117-119'; IR 

( n u j o l )  1710 ( C = O ) ,  1470, 1240, 870, 830 cm-'; nmr 1.45 (s, 6 ,  C&), 

The e t h e r  l a y e r  was washed with 

Two r e c r y s t a l l i s a t i o n s  from e t h a n o l  gave I I I d ,  

An a n a l y t i c a l  sample was 

2.61 

(d o f  d ,  J 5 , 7  = 1 . 8  H z ,  1,  H s ) ,  7 .79  (d,  1, H7). 

( s ,  2 ,  CH2) ,  7.38 (d o f  d ,  J 4 , 5  = 9 H z ,  J4,7 = 1 H z ,  1, H4), 7 .70 

(b) 5-bromo, I I I e .  The same procedure u s i n g  19.2 g (0.07 m) 3-(m-bro- 

mophenyl)-3-methylbutanoyl c h l o r i d e  gave 16 .2  g of  c rude  product  

mp 93-113' which c o n s i s t e d  o f  87% I I I e  and 13% 7-bromo-3,3-dimethyl-l- 

indanone (analyzed on a 5 f t  by 1/8 inch  column c o n t a i n i n g  3% SE-52 on 

80/100 mesh Chromosorb W opera ted  at  115'; r e l a t i v e  r e t e n t i o n  times 

I I Ie : I I Id :7-brorno  = 1.0 :1 .07:1 .47) .  One r e c r y s t a l l i s a t i o n  from e t h a n o l  

gave 1 0 . 1  g (61%) o f  I I I e  mp 122-124'. Two a d d i t i o n a l  r e c r y s t a l l i s a t i o n s  

from e thanol  gave an a n a l y t i c a l  sample mp 123-125"; I R  ( n u j o l )  1710 

( C = O ) ,  1600, 1580, 1410, 1310, 1285, 1250, 800 cm-'; nmr 1.41 (s, 6 ,  

129 
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SMITH AND MASSICOTTE 

CH3), 2.58 (s, 2, CH1), 7.57 and 7.67 (broad s, 3, aromatic H). 

The filtrate from the recrystallisation of IIIe gave an additional 

1.0 g of IIIe, mp 118-122', on concentration to half volume. Complete 

evaporation of this filtrate gave 5.1 g of a mixture of IIIe (45%) and 

7-bromo-3,3-dimethyl-l-indanone (55%). These two isomers can be 

separated by chromatography on silica gel using benzene as eluant with 

the 7-bromo isomer eluting first. 

vacuum sublimation and recrystallisation from methanol, mp 108-109°; 

IR (nujol) 1710 (C=O), 1590, 1465, 1310, 1230, 1030, 785, 735 cm-'; nmr 

1.40 ( s ,  6, CH3), 2.62 (s,  2, C&), 7.45 (broad s, 3, aromatic H). 

Bromo-1,l-dimethylindane. The bromo-1,l-dimethylindanes were obtained 

by Wolff-Kishner reduction (Huang-Minlon procedure ) of the corresponding 

bromo-3,3-dimethyl-l-indanone; 5-bromo-1,l-dimethylindane , VIII, from 

IIId in 88% yield, bp 65-68' at 0.2 mm; IR (neat) 2950, 1470, 1080, 870, 

850, 810, 715 cm-'; nmr 1.22 (5 ,  6, CHs), 1.87 (t, J = 7 Hz, 2, CH2), 

2.86 (t, J = 7 Hz, 2, CHZ), 6.97 ( d ,  J = 10 Hz, 1, H 7 ) ,  7.1-7.4 (m, 2 ,  

HI, and Hs); 6-bromo-1,l-dimethylindane , IX, from IIIe in 76% yield, 

bp 62-68' at 0.2 mm; IR (neat) 2950, 1470, 1450, 1440, 1255, 1155, 870, 

840, 805 cm-'; nmr 1.26 ( s ,  6, CH,), 1.93 (t, J = 7 Hz, 2, C H z ) ,  2.86 

(t, J = 7 H z ,  2, CH2), 6.9-7.3 (m, 3, aromatic H). 

This minor product was purified by 

5 

Table 1. Analytical Data f o r  New Compounds 
Analyses Mass spectral data 

Compound Calc. % Found % Calc. Found 
C H Br C H Br 

Ib 56.48 5.94 31.32 56.55 5.90 31.08 
Ic 56.40 5.84 31.11 
IIb 51.37 5.11 31.08 51.47 5.02 31.00 
IIC 51.50 5.15 31.19 
IIId 55.24 4.65 33.42 55.42 4.70 33.29 
IIIe 55.30 4.50 33.33 * I f  II I 1  55.32 4.62 33.45 
VI I 75.38 7.49 7.99t 75.40 7.25 8.08t 
VIII 58.67 5.83 35.49 58.75 5.89 35.22 IX 1 1  II I 1  58.80 5.95 35.30 

I 1  1 1  I 1  

I 1  I 1  I t  

1 1  I1 1 1  

* 7-bromo-3,3-dimethyl-l-indanone t %N 

254.0306 

256.0098 

237.9993 

I t  

1 1  

I I  

I 1  

175.0997 
224.0200 

1 1  

254.0304 
254.0303 
256.0100 
256.0106 
237,9995 
237.9993 
237.9995 
175.1000 
224.0203 
224.0201 
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This reaction was variable and dependent on the quality of the 

aluminum chloride. Occasionally, mild exothermic reaction occurred 

when the temperature reached 20' and rapid isomerization was observed. 
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