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The alumina-catalyzed reaction of 5-indanol (1) w i t h  excess methanol was investigated as a function of  tem- 
perature (330-520") and catalyst acidity. 4,5,6,7-Tetramethylindan (3) ,  4,5,6,7-tetramethylindene (4),  and 
2,4,5,6,7-~entamethylindene (5) are the major  products formed a t  390-520" over a catalyst (B) containing sodi- 
um ion. Compound 4 is the m a i n  component (37-50 m o l  % yield, based on converted 1) a t  390-420", whereas 3 
is favored (44-54 m o l  %) a t  470-520". At 470', methanol serves as a hydrogen donor (for the forward reaction) in 
the quasi-equi l ibr ium system 4 + 2H c 3. With a sodium-free catalyst (A) ,  3 is the main  product from 1 a t  
390-420" (61 m o l  W), whereas 4 is a minor  component. With A, the yield of 5 decreases (from 27 to 13 mol 70) 
w i t h  increasing temperature in the range of  330-390". Compound 5 was also synthesized by  a noncatalyt ic 
method. 

It was shown p r e v i o u ~ l y ~ - ~  that  phenol and naphthols 
react with methanol at 400-550" in the presence of alumi- 
na catalysts to  form polymethylarenes. At milder temper- 
atures the formation of oxygen-containing intermediates, 

i. e . ,  methylated hydroxyarenes and hydroaromatic ke- 
tones, was observed. As an extension of these studies the 
alumina-catalyzed reaction of 5-indanol (1) with metha- 
nol, and its dependence on temperature (330-520') and 



Reaction of 5-Indanol with Methanol J. Org. Chem., Vol. 39, No. 5, 1974 699 

catalyst acidity, was investigated. Since 1 is a substituted 
phenol, facile methylation of the aromatic ring was antici- 
pated above 300". 

The experimental and analytical procedures were simi- 
lar to those employed p r e v i o u ~ l y . ~ - ~  Catalysts used were A 
(sodium free alumina, obtained by hydrolysis of alumi- 
num isopropoxide) and B (Harshaw alumina containing 
ca. 0.4% of sodium i0n).5 The molar ratio of methanol to 1 
was 20:l in all runs. Experimental data are summarized 
in Tables I and 11. 

As noted in Table I, there are three main products 
formed by reaction of 1 with methanol a t  390-520" in the 
presence of B, or a t  330-470" in the presence of A, uiz., 
4,5,6,7-tetramethylindan (3), 4,5,6,7-tetramethylindene 
(4), and 2,4,5,6,7-pentamethylindene (5). In addition, 5- 

CH3+ CH, C H 3 w  CHJ \ 

YO I 

1, Y=H CH i CHJ 
2, Y =CH, 3 4, Y = H  

5, Y =CH3 

methoxyindan (2) is produced with B below 400" and the 
yield of 2 increases as the temperature decreases toward 
355". The relative yields of 3 and 4 vary to a considerable 
extent with temperature and with catalyst acidity. With 
B, formation of 3 increases monotonously with increase of 
temperature from 355" (2 mol %) to 520" (54 mol %), 
whereas the yield of 4 reaches a maximum (ca. 50 mol YO) 
near 420". The yield of' 4 is higher than tha t  of 3 a t  355- 
420", while 3 is the major product a t  470-520". With A, on 
the other hand, 3 is the predominant component a t  all 
temperatures studied, while 4 is formed as a minor com- 
ponent only (expt 8-12). The maximum yield of 3 ob- 
tained with catalyst A is ca. 61 mol YO a t  420" (expt 11). 
Increase of temperature to 470" (expt 12) causes consider- 
able decrease in the yield of 3, as a result of fragmenta- 
tion reactions which lead to products of low molecular 
weight. With catalyst B the yield of pentamethylindene 5 
reaches a maximum a t  ca. 390" (21 mol %, based on con- 
verted 1) and then remains nearly constant (a t  9-13 mol 
%) in the range of 405-520". With A the formation of 5 de- 
creases with increasing temperature in the range of 330- 
420" (expt 8-11) and is 27 mol % (based on converted 1) a t  
330". Altogether, for B a t  temperatures above 390" and for 
A a t  temperatures above 330" the average number of 
methyl groups per indene or indan ring present in the 
total identified product is close to 4.2. 

Table I1 and Figure 1 show the results of a series of ex- 
periments in which a product mixture (from expt 13) was 
recycled five times (expt 14-18) through catalyst B a t  a 
constant temperature of 470". A fresh portion of methanol 
was added to the recycled material in each run. The data 
show that the concentration of 3 increases with increasing 
reaction time and ultimately reaches a constant value of 
ca. 69 mol YO, while the concentration of 4 consistently de- 
creases to ca. 9 mol % ( i .e . ,  the molar ratio of 3:4 of 7.7 is 
attained). Similarly, when one uses pure 3 as the starting 
material in recyclization experiments (expt 19-20) a molar 
ratio of 3:4 of 9.6 is attained. Extrapolation of these data 
(Figure 1, broken lines) to longer reaction times indicates 
tha t  a convergent molar ratio of ca. 9.0 would result, cor- 
responding to a pseudo-equilibrium relationship of 4 + 2H 
F;' 3, where the hydrogen is ultimately furnished by meth- 
anol. In contrast, the concentration of pentamethylindene 
5 does not seem to be significantly altered by change in 
reaction time. A single recycle of the product mixture 
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Table I1 
Alumina-Catalyzed Transformations in the Polymethylindan-Indene System with Methanola 

Experiment no. 13 * 14* 15b 16b 17b 18b 19c 20e 
Reaction time, hrd 0 2 4 6 8 10 6 12 
Product component, mol % 
4,5,6,7-Tetramethylindan (3) 31.3 40.3 55.3 63.4 67.6 69.2 84.5 70.0 
4,5,6,7-Tetramethylindene (4) 46.9 36.9 20.8 13.4 9.3 9.0 7.8 7.3 
2,4,5,6,7-Pentamethylindene (6) 9.7 10.4 11.4 10.4 9.6 7.5 3.4 
Unidentifiede 12.1 12.4 12.5 12.8 13.5 14.3 7.7 12.3 

a Reaction temperature, 470O; catalyst B. Experiments 13-18 were run consecutively by recycling 6 g of a mixture of 
initial composition indicated under expt 13 (zero reaction time) with a fresh portion of methanol (32 g) and benzene (10 ml) 
for each run. c Experiments 19 and 20 were run by recycling pure 3 (0.5 g) with fresh methanol (16 g) and benzene (4 ml). 

Cumulated reaction time. See footnoted, Table I. 

0 2 4 6 8 1 0 1 2 1 4  
TIME, HOURS 

Figure 1. Interconversion of 4,5,6,7-tetramethylindan (3) and 
4,5,6,7-tetramethylindene (4) at 470" in the presence of catalyst B 
and excess methanol, as a function of total reaction time. Start- 
ing materials: (a) a mixture (3:2, mol/mol) of 4 (open circles) and 
3 (solid circles); (b)  pure 3 (solid triangles), without 4 (open tri- 
angles). 

from expt 13 through B at 420" showed no appreciable in- 
terconversion of 3 and 4. 

In analogy to the reactions of phenol and  naphthol^^-^ 
with methanol in the presence of alumina, i t  is presumed 
tha t  production of hydrocarbons 3-5 is preceded by the 
formation of C-methylated oxygen-bearing precursors. No 
attempt was made to isolate these intermediates in the 
indanol system. However, it  seems likely that  direct C- 
methylation of the aromatic ring in 1 will occur by elec- 
trophilic attack at C-4 and C-6 only, while methylation a t  
C-5 and C-7 results from migration of ortho methyl sub- 
stituents in the manner proposed earlier. Thus, in the 
previously presented shorthand notation for possible se- 
quential pathways in the 1-naphthol series,& one can de- 
rive 3 from l by any of the following alternative routes 
(listed in order of increasing energy of an  intermediate): 
(6,4,6),rT6,Rr, (6,4,6),r,4,Rr, 6,6,r,4,4,Rr, 7a,rt(6,4,6),Rr, 
and 7a,r,(6,4,4),Hr, where the numbers refer to successive 
positions of ring methylation, parenthesized numbers rep- 
resent allowed permutations in the methylation sequence, 
r symbolizes the dienone-phenol rearrangement (as in the 
transformation 7 - 8), and Rr indicates the terminal re- 
duction-rearrangement process. Lf dimethylation occurred 
at C-4 more readily than at C-6 under the conditions 
used, one should have found appreciable amounts of 43- 
dimethylindan and 4,5,6-trimethylindan (formed via in- 
termediates 9 and 10, respectively) among the isolable 
products. The difference in facility toward dimethylation 
a t  these two positions may be ascribed to the fact that  
each of the molecules 9 and 10 contains a high-energy ec- 
lipsed (by the hydrogen atoms at C-3) geminal dimethyl 
group, while the isomeric compound 6 or 7, respectively, 
does not. 

6, Y-H 
7, Y -CH, 

8 10, Y = CH3 

Experiments 13-20 show that the rate of conversion of 3 
and 4 into pentamethylindene 5 is slow in comparison to 
the rate of conversion of 5-indanol (1) into 5 (expt 5). It is 
suggested that in the transformation 1 - 5 dehydrogena- 
tion to an indenol plus methylation at C-2 precede the 
process of deoxygenation and tha t  8 is a likely intermedi- 
ate along the reaction pathway. 

The  Structure of 5 was confirmed by an  independent 
synthesis starting with Friedel-Crafts alkylation of 
1,2,3,4-tetramethylbenzene by means of methyl 3-bromo- 
isobutyrate. Cyclization of the condensation product gave 
2,4,5,6,7-pentamethyl-l-indanone (1 I ) ,  which was reduced 
to the carbinol 12 and dehydrated to  5. 

F 3  0 

CH, 
12 

Experimental Section6 
Procedure. Experiments 13-20 (Table 11) were carried out in 

the apparatus described previously,& while expt 1-12 (Table I) 
were conducted in a 60 X 2.2 cm (i.d.) stainless steel tube (iso- 
thermal zone 25 cm in length). Catalysts A and B were the same 
as used before and were activated at 600°.5 In expt 1-12 the hot 
catalyst was washed with IO ml of MeOH and then 100 rnl of ben- 
zene after the reaction proper. Further processing was conducted 
as before, except that recovered acidic components were extracted 
into benzene and separations and identifications of reaction prod- 
ucts were accomplished by vpc by means of a stationary phase of 
10% Bentone 34 plus 5% DC-550 silicone fluid on 60-80 mesh 
Chromosorb W at 180". 

Isolation and Identification of Reaction Products. 5-Methox- 
yindan ( 2 )  [n% 1.5424; ir (CS2) 1250 (Ar-0 stretch) and 1070 
cm-I (CH3-0 stretch)'] was isolated from expt 2 and identified 
by ~ L I  and pmr.8 4,5,6,7-Tetramethylindan (3) [ir (Cs2) 2950 (s), 
1380 (m), 1316 cm-I (w); ir (CHC13) 1416 c m - l  (s)] and 4,5,6,7- 
tetramethylindene (4) [ir (CS2) 2940 (s), 697 cm-1 (m, cis 
CH=CH); ir (CHCla) 1615 cm-I (w, C==C stretch); uv max (95% 
EtOH) 218 nm ( 6  17,200), 223 (16,700)] were isolated ftom reac- 
tion mixtures and identified by elemental analyses, as well as by 
comparison of melting points and pmr spectra with literature 
data.s 
2,4,5,6,7-Pentamethylindene ( 5 )  was isolated from expt 3 and 

8 and recrystallized from MeOH: m p  127-128" (picrate, dark red 
needles from EtOH, mp 145-146" dec); pmr (Cc1.0 6 2.08, 2.14, 
and 2.22 (3 overlapping s, 15, 5 CH3), 3.05 (broadened s, 2, CHz 
at C-1), 6.52 (m, 1, H-3); pmr (CDC13) 6 2.13, 2.23, and 2.30 (3 s, 
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15), 3.19 (broadened s, 2), 6.60 (m, 1); ir (CS2) 1395 (m) ,  905 (m) ,  
828 cm-I  ( m ) ;  ir (CHC13) 2950 (s), 1620 (m, C==C stretching), 
1451 cm-1 (s); uv max (95% EtOH) 220 nm ( c  20,900), 225 
(21,700). 

Anal. Calcd for C14H18: C, 90.26; H, 9.74. Found: C, 90.15; H, 
9.82. 

Isolated and synthetic samples (uide infra) of 5 were identical. 
Syntheses of Reference Compounds. 2,4,5,6,7-Pentamethyl- 

1-indanone ( l l ) . lo  A mixture of 11.5 g (0.086 mol) of 1,2,3,4-te- 
tramethylbenzene, 15 g (0.083 mol) of methyl d-bromoisobutyr- 
ate," and 50 g of anhydrous AIC13 was maintained a t  135" until 
evolution of hydrogen halide gas ceased (2 hr). The reaction mix- 
ture was treated with ice-water and extracted with benzene. 
Evaporation of the extract left a solid which was recrystallized 
from MeOH and then stirred and heated (steam bath) with 125 
ml of concentrated HzS04 for 14 hr. The mixture was poured into 
ice-water and extracted with benzene. Evaporation gave a crude 
solid which was purified by repetitive evaporative distillation a t  
130" (0.5 m m )  to give 3.7 g (22%) of 11, mp 72-76", converted to 
needles (mp 85-86") on recrystallization from MeOH: pmr 
(CDC13) 6 1.31 (d, 3, J = 7.3 Hz, CH3 a t  C-2), 2.64 (s, 3, CH3 a t  
C-7) superimposed on 1.8-3.5 (m, 12, H-2, 2 H-3, 3 CH3);I2 ir 
(CS2) 2980, 2950, 1705 (C=O),13 1328, 1282, 1148 cm-I ;  ir 
(CHC13) 1587, 1462, 1385 cm- 

Anal. Calcd for C14H180: C, 83.12; H, 8.97. Found: C, 82.99; H, 
9.04. 
2,4,5,6,7-PentamethyI-I-indanol (12). To a stirred, cold (0") 

suspension of 0.5 g of LiAlHl in 90 ml of ether was added drop- 
wise a solution of 2 g of 11 in 10 ml of ether. After further stirring 
(2 hr), the cold mixture was treated with aqueous NHlCl and ex- 
tracted with ether. Evaporation of solvent and recrystallization of 
the residue from MeOH gave 0.7 g (35%) of 12 as white prisms: 
mp 130-131"; pmr (CCI4) 6 1.02 (d, 3, J = 7 Hz, CH3 a t  C-2). 1.5- 
3.4 (m, 16, H-I,  H-2, 2 H-3, 4 CH3),I4 4.6 (broad signal, 1, OH); ir 
(CSz) 2970, 2940 cm I;  ir (CHC13) 3625 (OH), 1464, 1387 cm- l. 

Anal. Calcd for C14HZ00: C, 82.30; H, 9.87. Found: C, 82.03; H, 
9.58. 
2,4,5,6,7-Pentamethylindene ( 5 ) .  An intimate mixture of 0.3 g 

of carbinol 12 and 3 g of alumina was heated a t  150" (1 atm) for 2 
hr and then evaporatively distilled (150", 0.6 mm) to give 0.14 g 
(51%) of crystalline 5. Recrystallization from MeOH gave a sam- 

ple which was identical with that isolated from catalytic reaction 
(uide supra). 
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Dialkyl oxalates can be prepared in good yields by oxidative carbonylation in the presence of alcohols and 
dehydrating agents using a palladium redox system and oxygen. The other product, water, is removed by the 
dehydrating agent. If the dehydrating agent is not effective, then large amounts of carbon dioxide are made and 
no oxalates are found. At low carbon monoxide pressure increased amounts of dialkyl carbonate are also found. 
Of the various cocatalysts tried, a cupric chloride-cuprous chloride system was found to be the most selective. 

Dialkyl oxalates can be prepared in good yields by oxi- 
dative carbonylationl in the presence of alcohol and dehy- 

to  eq 1 and 2. 

Results 
The major products of the reaction are oxalates and 

under some conditions significant amounts of carbon diox- 
drating agents using a palladium redox system according carbonates, but, in addition, there are also produced 

2CO + 2ROH + %O? - RO,CCO,R f H,O (1) 

H20 + (RO),CH - "OH + HCO!R (2 )  

The dehydrating agent is necessary; otherwise large 
amounts of carbon dioxide are produced and no oxalates 
are found. The palladium redox system is somewhat simi- 
lar to the one used in acetaldehyde synthesis,* but opti- 
mum results are achieved by restricting the amounts of 
chloride ion. In addition, carbonates are produced by 
much the same chemistry. 

ide and esters arising from solvent attack. Under acidic 
conditions some alkyl halides and ethers are also pro- 
duced. Table I shows some of the results concerning the 
synthesis of diethyl oxalate using two of the three useful 
cocatalysts, iron and copper halides. An example of the 
third cocatalyst type, the quinones, is shown in the Ex- 
perimental Section. 

A comparison of runs 1 and 3 shows that  although ferric 
chloride gives much the better ratio of oxalate to carbon- 
ate than does cupric chloride, ferric chloride causes the 


