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Rearrangement of Alkyl Phenyl Ethers to Alkylphenols in the Presence of 
Cation-exchanged Montmorillonite (M"'-Mont) 

Jun-ichi Tateiwa, Takahiro Nishimura, Hiroki Horiuchi and Sakae Uemura" 
Division of Energy and Hydrocarbon Chemistry, Graduate School of Engineering, Kyoto University, 
Sakyo-ku, Kyoto 606-07, Japan 

The rearrangement of alkyl phenyl ethers such as 4-phenoxybutan-2-one 1, 1 -phenoxybutane 2a, 
2-phenoxybutane 2b, 2-methyl-2-phenoxypropane 2c and phenoxycyclohexane 2d have been 
investigated in the presence of cation-exchanged montmorillonite ( Mn+-mont; Mn+ = Zr4+, A13+, Fe3+ 
and Zn2+). The ether I rearranged t o  4- (4- hydroxyphenyl) butan-2-one 3 (raspberry ketone), the odour 
source of  raspberry, in 16-34% GLC yield, where Zn2+-mont was the most effective catalyst. Similarly, 
other ethers 2a-d rearranged to the corresponding alkylphenols in up to 75% isolated yield with good 
product selectivity, AI3+-mont being the catalyst of  choice. AI3+-Mont  was regenerated and reused in 
the rearrangement of 2b, 2c and 2d. 

We are currently interested in the catalytic use of cation- 
exchanged montmorillonite (M" +-mont), a kind of modified 
natural clay, in organic synthesis under mild conditions. M"+- 
Mont has advantages such as ease of handling, noncorrosive- 
ness, low cost, elimination of metal wastes such as aluminium 
(environmentally friendly catalyst 2), regeneration and ready 
modification of acidity by cation exchange in the interlayer 
s p a ~ e . ~ . ~  Although phenol-producing rearrangements such as 
the Fries rearrangement' and the rearrangement of ally1 phenyl 
ethers have been studied in the presence of clay catalysts, the 
rearrangement of alkyl phenyl ethers to produce alkylphenols 
has not. However, the A1X3-catalysed rearrangement of alkyl 
phenyl ethers to give alkylphenols is known, although since the 
latter were obtained only in low yields together with by- 
products,' this reaction is of little use in synthesis.* 

During our studies on the preparation of 4-(4-hydroxy- 
phenyl)butan-2-one 3 by M" +-mont-catalysed Friedel-Crafts 
alkylation of phenol with 4-hydroxybutan-2-one (y-KB) or but- 
3-en-2-one (MVK)," we found that a facile rearrangement of4- 
phenoxybutan-2-one 1 to the alkylphenol 3 occurs in the 
presence of M"+-mont (M"' = Zr4+, A13+, Fe3+ and Zn2+) 
under a variety of conditions. We also attempted to apply this 
rearrangement to non-functionalised-alkyl phenyl ethers such 
as 1 -phenoxybutane 2a, 2-phenoxybutane 2b, 2-methyl-2- 
phenoxypropane 2c and phenoxycyclohexane 2d to obtain 
the corresponding alkylphenols. Some alkylphenols are useful 
for industrial and agricultural chemicals, that is, o-sec-butyl- 
phenol 5b as a precursor of insecticides, acaricides and 
herbicides, p-tert-butylphenol6c as an antioxidant, the mono- 
mer of resins, the intermediate of emulsifiers and perfume and 
o-cyclohexylphenol 5d as a precursor of pharmaceuticals and 
agrochemi~als.~ The results are described in this report. 

Results and Discussion 
Rearrungement of 4-Phenoxybutan-2-one 1 to 4-(4-Hydroxy- 

phenyl)butan-2-one 3.-During our studies on the Friedel- 
Crafts C-alkylation of phenol with 4-hydroxybutan-2-one (y- 
KB) in the presence of M"+-mont to produce compound 3,'" we 
found a convenient procedure for preparing compound 1. 
Namely, when a small amount of pyridine was added to this 
alkylation system using Zr4+-mont, phenol was 0-alkylated 
selectively to give 1 in 43% isolated yield (49% GLC yield) via a 
Michael-type reaction. The reaction did not proceed in the 
absence of Zr4+-mont. With A13+-mont in place of Zr4+-mont, 
the reaction gave 1 in 26% GLC yield. On the other hand, but-3- 
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Fig. 1 Time course of Michael type reaction of phenol (2.67 g, 28.4 
mmol) with 4-hydroxybutan-2-one (y-KB, 500 mg, 5.67 mmol) to 
produce 3 in the presence of both Zr4+-mont (500 mg, 0.367 mmol as 
acid sites) and pyridine (49 mg, 0.62 mmol) at 100 "C (a) and in the 
absence of Zr4+-mont (0). Time course of the reaction of phenol (2.67 
g, 28.4 mmol) with but-3-en-2-one (MVK, 397 mg, 5.67 mmol) in the 
presence of both Zr4+-mont (500 mg, 0.367 mmol as acid sites) and 
pyridine (49 mg, 0.62 mmol) at 100 "C (e); almost the same curve was 
observed even in the absence of Zr4+ -mont. 

en-2-one (MVK) showed reactivity similar to y-KB to produce 
1 even in the absence of Zr4+- or A13+-mont (Fig. 1). Since the 
addition of phenol to MVK in the presence of pyridine is 
known," these results suggest that y-KB was dehydrated first 
to MVK by M"+-mont under the conditions employed and the 
resulting MVK reacted with phenol to produce 1. 

Compound 1 when heated with phenol in the presence of 
Zn2+-mont at 100 "C for 48 h gave the alkylphenol 3 in 34% 
GLC yield with a complete consumption of 1 (Scheme 1; 
Table 1, run 4). A small amount of 4-methyl-3,4-dihydro-2H- 
1 -benzopyran (4-methylchroman) 4 was obtained at the same 
time. The turnover number was estimated to be 5 based on the 
number of acid sites on Zn2+-mont. Zn2+-Mont was the most 
effective catalyst of the M"+-monts examined, but it did not 
work well either below or above 100°C (Table 1, runs 1-9). 
When either chlorobenzene or toluene was used as the solvent 
instead of phenol, only the decomposition of 1 to phenol 
occurred (Table 1, runs 11 and 12). Although the number of 
acid sites in the M"+-mont determined by the temperature- 
programmed desorption of ammonia gas (NH,-TPD)'" may 
not accurately represent the active acid sites (Lewis and 
Bronsted acid sites) available to this rearrangement, it provides 
a reference for M"+-mont acidity. 

In order to determine the thermodynamic stability of the 
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Table 1 Rearrangement of 4-phenoxybutan-2-one 1 in the presence of M"+-mont" 

Run M"+-Mont (mmol) Solvent 
Reaction temp. 
(" C) 

GLC yield (%)' 

3 4 
Turnover 
number 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 

Zr4 +-man t (0.367) 
A13+-mont (0.266) 
Fe3 +-mont (0.175) 
Zn2+-mont (0.186) 
H+-mont 
Na+-mont ( 0 ) g  
Zn2 + -mont 
Zn'+-mont 
Zn' + -mont 
Zn2 +-mont (0.019)' 
Zn'+-mont (0.186) 
Zn2 +-mont (0.186) 

PhOH 
PhOH 
PhOH 
PhOH 
PhOH 
PhOH 
PhOH 
PhOH 
PhOH 
PhOH 
PhCl 
PhMe 

100 
100 
100 
100 
100 
100 
25 
50 

150 
100 
100 
100 

~~ ~ ~~ 

24 3 
16 9 (8)= 
22 3 
34 3 
Trace 0 
Trace 0 
Trace 0 
Trace 0 
14 2 

Trace 0 
Trace 0 

5 Trace 

2 
2 
3 
5 
- 
- 

0 
0 
2 
6 
0 
0 

~ ~~~ 

" 1 (400 mg, 2.44 mmol), M"+-mont (500 mg), solvent (26.6 mmol) for 48 h. The amount of acid sites. Based on 1. Determined by the amount 
of acid sites on M"+-mont. Isolated yield. K10, Aldrich Chemical Co., Inc. Kunipia G, Kunimine Industries Co., Ltd. Zn2+-mont, 50 mg. 
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Scheme 1 

isomers 1 and 3, the heat of formation of each compound was 
calculated by the AM1 method." Since the calculated heat of 
formation of 1 was 13.50 kcal mol-' higher than that of 3, the 
rearrangement of 1 to 3 is predicted to be thermodynamically 
favourable. 

Rearrangement of Alkyl Phenyl Ethers 2 to Alkylphenols 5 
and6.-Rearrangement of the butyl phenyl ethers 2a, 2b and 2c, 
in place of 1, was attempted in phenol as solvent (Scheme 2, 

OH OH 6 2Zt> & + 0 
R 

2 

a R = B u  

b R = B d  

5 6 

c R=BU' 

d R=cyclohexyl 

Scheme 2 

Table 2). Unlike 1,2a failed to rearrange with Zn2+-mont as a 
catalyst, although it did so effectively over 48 h in the presence 
of A13+-mont at 100 "C to produce compound 5b and p-sec- 
butylphenol 6b, both in 36% isolated yield (ortho-:para- = 
50:50) (Table 2, run 2); no butylphenols 5a and 6a were 
produced and the reaction was incomplete after 24 h. Com- 
pound 2b was more reactive than 2a and rearranged within 1 h 
to 5b and 6b in 49 and 16% isolated yield (ortho-:para- = 
75 : 25), respectively (Table 2, run 8). A facile rearrangement of 

2c also occurred in the presence of A13+-mont to produce 
compound 6c selectively in 71% yield (Table 2, run 14). When 
the rearrangement of 2a and 2b was carried out in chloro- 
benzene as the solvent in place of phenol, the selectivity of the 
products improved (Table 2, runs 5 and 9) such that the product 
distribution of ortho-/para- changed from 50 : 50 to 66 : 34 and 
from 75:25 to 93:7 with 2a and 2b, respectively. Such a 
rearrangement also proceeded smoothly with 2c and 2d to give 
only a para-isomer 6c and an ortho-rich mixture of 5d and 6d 
(5d > a), respectively (Table 2, runs 15 and 20). In the 
rearrangement of 2d (1 h, 100 "C, PhC1) there was no evidence of 
(1 -methylcyclopentyl)phenol formation although for the rear- 
rangement of 2b (48 h, PhCl) a little 6c was formed besides the 
major products 5b and 6b. Even in the presence of a decreased 
amount (l/lOth) of A13+-mont, the rearrangement of 2b and 2c 
went to completion with only a slight decrease in product 
selectivity, but with an improvement in the turnover number 
(from 3-4 to 31-34; Table 2, runs 12 and 18). These reactions 
failed in the absence of M"+-mont. A13+-Mont was regenerated 
and reused for the rearrangement of 2b, 2c and 2d in 
chlorobenzene as shown in runs 10, 11, 16, 17, 21 and 22 of 
Table 2. In the case of 2a, however, the recovered A13+-mont 
could not be reused, probably because of the deposition of 
some polymeric and tarry compounds on acid sites of the 
A13+-mont during the longer reaction time (Table 2, run 6). 

Rearrangement of 2b, 2c and 2d in toluene as solvent 
with AI3+-mont as a catalyst at 100°C for 1 h gave the 
corresponding alkyltoluenes as the major products in good 
yields (Table 2, runs 13, 19 and 23). From sec-alkyl phenyl 
ethers 2b and 2d, the corresponding alkylphenols were also 
obtained, although in lower yields, but with almost the same 
ortho-/para- ratio as that found with chlorobenzene as solvent. 
From tert-butyl phenyl ether 2c much phenol was formed but 
no tert-butylphenols. Rearrangement of butyl phenyl ether 2a 
in toluene for 48 h gave many by-products (e.g. alkyltoluenes 
and polymeric compounds) but only a small amount of the 
sec-butylphenols 5b and 6b. 

AlCl, and AlBr, are known catalysts for the rearrangement 
of 2a and 2b to 5 and 6 (ca. 1-26% yield) at 0-5 "C either neat or 
in a ~olvent . '~ .~  Attempted rearrangement of 2a, 2b and 2c in the 
presence of varying quantities of anhydrous AlCl, (0.27-1.33 
mmol) in place of A13+-mont under our conditions (lOO"C, 
1-48 h) resulted in slow reactions and little of the expected 
butylphenols. 

The heats of formation of 2a, 2b, 2c, 5b, Sc, 6c and m-tert- 
butylphenolare 10.47,14.12,19.68,1.1 l77.2O,4.95and4.94kcal 
mol-' , respectively, compared to the heat of formation of 6b as a 
standard (0.00 kcal mol-'), all were calculated by AM1 
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Table 2 Rearrangement of alkyl phenyl ethers 2 in the presence of M"+-mont" 

Product and 
isolated yield rk)' 

Turnover 
Run Reactant M"+-Mont (mmol)b Solvent Time(h) Sb 6b 5/6 ratio number 

1 
2 
3 
4 
5 
6 
7 

8 
9 

10 
11  
12 
13 

2a 
2a 
2a 
2a 
2a 
2a 
2a 

2b 
2b 
2b 
2b 
2b 
2b 

Zr4+-mont (0.367) 
A13+-mont (0.266) 
Fe3+-mont (0.175) 
Zn2+-mont (0.186) 
A13+-mont (0.266) 1st 
AI3+-mont (0.266) 2nd 
AI3+-mont (0.027)e 

AI3 +-mont (0.266) 
A13+-mont (0.266) 1st 
AI3+-mont (0.266) 2nd 
AI3+-mont (0.266) 3rd 
A13+-mont (0.027) 
A1 + -mon t (0.266) 

PhOH 
PhOH 
PhOH 
PhOH 
PhCl 
PhCl 
PhCl 

PhOH 
PhCl 
PhCl 
PhCl 
PhCl 
PhMe 

48 
48 
48 
48 
48 
48 
48 

1 
1 
1 
1 
1 
1 

24 
36 
0 
0 

29 
2 

Trace 

49 
53 
60 
63 
61 
23 

5c 

24 
36 
0 
0 

15 
17 
Trace 

16 
4 
5 
6 
9 
4 1  

6c 

50/50 
50150 
- 
- 

66/34 
11/89 
- 

75/25 
9317 
9317 
9119 
881 12 
85/15 

2 
4 
0 
0 
3 
1 
0 

3 
3 
3 
3 

34 
1 

14 2c A13+-mont (0.266) PhOH 1 0 71 0/100 4 
15 2c AI3+-mont (0.266) 1st PhCl 1 0 75 0/100 4 
16 2c A13+-mont (0.266) 2nd PhCl 1 0 70 0/100 4 
17 2c A13+-mont (0.266) 3rd PhCl 1 0 65 0/100 4 

19 2c AI3+-mont (0.266) PhMe 1 0 Oh 
18 2c A13+-mont (0.027) PhCl 1 4 55 7/93g 31 

0 - 

20 26 A13+-mont (0.266) 1st PhCl 1 55 15 79/21 4 
21 26 A13+-mont (0.266) 2nd PhCl 1 53 9 85/15 3 
22 2d A13+-mont (0.266) 3rd PhCl 1 52 9 85/15 3 
23 2d A13 +-mont (0.266) PhMe 1 25 5' 83/17 2 

2 (1.33 mmol), M"+-mont (500 mg), solvent (26.6 mmol) at 100 "C. The amount of acid sites. ' Based on 2. Determined by the amount of acid sites 
on M"+-mont. AI3+-mont, 50 mg. sec-Butyltoluenes, 52% yield. g Determined by 'H NMR. rn-tert-Butylphenol, 4% yield. tert-Butyltoluenes, 
54% yield. Cyclohexyltoluenes, 56% yield 

method. l 1  This result supports the rearrangement of butyl 
phenyl ethers 2a-c to the thermodynamically more stable 
butylphenols 5b, 9, 6b, 6c and rn-tert-butylphenol. Similarly, 
the calculated heat of formation of 2d was 15.4 and 14.3 kcal 
mol-' higher than that of 6d and 5d, respectively, such that a 
rearrangement of 2d to 5d and 6d is predicted to be thermo- 
dynamically favourable. 

Although the details of the reaction pathway are uncertain, 
the following overall path seems likely, being consistent with the 
mechanism proposed for the AlX,-catalysed rearrangement. 7c-e 

Initially stable alkyl cations are formed by alkyl C-O bond 
fission as a result of interaction between oxygen and a Lewis 
acid site (aluminium); these may be stabilised by the negatively 
charged oxygens in the interlayer space of M"+-mont. The 
cations attack aromatic carbons of phenol electrophilically to 
produce the corresponding alkylphenols. The experimental 
results such as the selective formation of sec-butylphenols 5b 
and 6b from butyl phenyl ether 2a, the sole formation of p-tert- 
butylphenol 6c from tert-butyl phenyl ether 2c and the 
favourable formation of alkyltoluenes in toluene solvent show 
that the rearrangement mainly proceeds intermolecularly. In 
the sec-alkyl case, the path uia intramolecular migration of an 
alkyl cation in the interlayer space might also be operative 
considering that o-alkylphenols 5b and 5d are the major 
products. 

Conclusion. -The 3-oxobutyl phenyl ether 1 isomerised to 
the ketone 3 regioselectively in the presence of M"+-mont 
(M" = Zr4+, A],+, Fe3+ and Zn2+) in 1634% GLC yield. 
Similarly, non-functionalised alkyl phenyl ethers 2a-d re- 
arranged to the corresponding alkylphenols in the presence of 

AI3+-mont in up to 75% isolated yield. The main reaction path 
is thought to be alkyl C-0 bond fission to form a stable 
carbocation followed by its intermolecular attack on an 
aromatic carbon. In the case of sec-alkyl phenyl ethers, 
intramolecular migration of the cation might also be operative. 
The rearrangement of alkyl phenyl ethers in the presence of 
M"+-mont has potential as a way of preparing alkylphenols 
in moderate to good yields; in this respect it is superior to 
AIX,-catalysed rearrangement the yields for which are lower. 
A13+-Mont may be regenerated and reusable in some cases. 

Experimental 
'H NMR spectra were recorded on JEOL EX-400 (400 MHz) 
and JEOL GSX-270 (270 MHz) instruments for solutions in 
CDCl, with Me4Si as an internal standard. I3C NMR spectra 
were obtained with JEOL EX-400 (100 MHz), JEOL GSX-270 
(67.8 MHz) and JEOL FX-100 (25.0 MHz) instruments for 
solutions in CDCI, with Me,Si as an internal standard. 
Coupling constants J are given in Hz. Mass spectra were 
measured on a Shimadzu QP-2OOO mass spectrometer equipped 
with a Shimadzu GC-14A gas-liquid chromatography (25 
m x 0.20 mm, 2.5 pm film thickness, Shimadzu fused silica 
capillary column HiCap CBPl O-M25-025). The electron-im- 
pact method was used for ionisation and the ionising voltage 
was 70 eV for all compounds. GLC analyses were performed on 
a Hitachi 163 instrument (2 m x 3 mm stainless-steel column 
packed with 3% OV-17 on Chromosorb W and/or 25 m x 0.33 
mm, 5.0 pm film thickness, Shimadzu fused silica capillary 
column HiCap CBPl O-S25-050) with flame-ionisation detectors 
and N, carrier gas with dibutyl phthalate as an internal 
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standard. Column chromatography on Si02 was performed 
with Wakogel C-200 and C-300 using hexane and hexane-ethyl 
acetate as eluents. Elemental analyses were performed at the 
Microanalytical Center of Kyoto University. 

All commercially available organic and inorganic com- 
pounds were used without further purification except for the 
solvent, which was dried and distilled by the known method 
before use.12 Kunipia G, namely Na+-mont, was obtained from 
Kunimine Industries Co., Ltd. M"+-Mont (Mn+ = Zr4+, 
A13+, Fe3 + and Zn2 +) was prepared by treatment of Na+-mont 
with the corresponding metal oxychloride or nitrate in aqueous 
acetone as described elsewhere. la  Compound 2b was prepared 
by following a slight modification of the reported method," in 
which phenol was treated with 2-bromobutane in the presence 
of 50% aqueous NaOH at reflux temperature in one pot and 
identified by 'H NMR', and MS.', Compound 2c was 
prepared by the reported method and identified by H NMR 
and MS. l 4  Compound 2d was synthesised by following a slight 
modification of the reported method, l6  in which phenol was 
treated with bromocyclohexane in the presence of 50% aqueous 
NaOH and toluene at reflux temperature in one pot and 
identified by NMR l 7  and mass spectroscopy. l 4  Com- 
pound 4 is a known compound and identified by comparison 
of 'H NMR spectra.'* Compounds 2a, 3,5b, 6b, 5c, 6c, 5d, 6d 
and m-tert-butylphenol were commercially available. New 
spectral data of compounds 2 M  are shown below. 

4-Phenoxybutan-2-one 1 .-Phenol (2.67 g, 28.4 mmol), Zr4 + - 
mont (250 mg, 0.184 mmol as acid sites) and pyridine (49 mg, 
0.62 mmol) were mixed at ca. 40 "C with a magnetic stirring. 
The temperature of the mixture was raised to 100 "C during ca. 
30 rnin and the mixture was stirred for a further 15 min. 4- 
Hydroxybutan-2-one (y-KB; 500 mg, 5.67 mmol) was then 
added dropwise to the mixture in 5 min at 100°C and the 
mixture was stirred at that temperature for 12 h. After cooling, 
the catalyst was filtered off and washed with diethyl ether (20 
cm3). A combined mixture of the filtrate and ether washings 
was washed with 10% aqueous NaOH (3 x 20 cm3) in order to 
remove completely unchanged phenol. Evaporation of the 
solvent left a brown oil which was subjected to column 
chromatography [Wakogel C-200, eluent: hexane-ethyl acetate 
(95:5)]. Removal of the solvent by rotary evaporation left a 
colourless oil of 4-phenoxybutan-2-one 1 (399.1 mg, 2.43 mmol, 
43% yield, GLC yield 49%). The identification of 1 has been 
reported previously. la 

2-Phenoxybutane 2b. A colourless oil isolated by column 
chromatography; &(I00 MHz; CDCI,) 9.8 (q), 19.3 (q), 29.2 (t), 
74.9 (d), 115.9 (d), 120.4 (d), 129.5 (d) and 158.3 (s); m/z 150 
(M+,  5%) and 94 (100). 

2-Methyl-2-phenoxypropane 2c. A colourless oil isolated by 
column chromatography; 6,(100 MHz; CDCl,) 28.8 (q), 78.2 
(s), 123.2 (d), 124.2 (d), 128.8 (d) and 155.3 (s); m/z 150 (M', 
1%) and 94 (100). 

Phenoxycyclohexane 2d. A colourless oil isolated by distill- 
ation; b.p. 93.5/0.3 mmHg (1it.,l6 252-254 "C/744 mmHg; 1 
mmHg = 133.32 NmP2); 6,(400 MHz; CDCl,) 1.28-2.01 (10 H, 
m), 4.23 (1 H, tt, J8.8, 3.9), 6.88-6.93 (1 H, m), 6.90 (2 H, d, J 
8.3) and 7.25 (2 H, t, J 8.1); &(lo0 MHz; CDCI,) 23.8 (t), 25.6 
(t), 31.9 (t), 75.4 (d), 116.1 (d), 120.5 (d), 129.4 (d) and 157.8 (s); 
m/z 176 (M+,  4%) and 94 (100). 

Rearrangement of 4-Phenoxybutan-2-one 1 in Phenol in the 
Presence of A13+ -Mont to produce 4-(4-Hydroxyphenyl)butan- 
2-one 3 (Table 1,  run 2).-To phenol (2.50 g, 26.6 mmol) was 
added A13+-mont (500 mg, 0.266 mmol as acid sites) at ca. 40 "C 
with a magnetic stirring. The mixture was heated to 100°C 
during ca. 30 rnin and stirred for 15 min. To the mixture was 
added 4-phenoxybutan-2-one 1 (400 mg, 2.44 mmol) dropwise 

during 5 rnin at that temperature after which the mixture was 
stirred magnetically for 48 h. After cooling, the catalyst was 
filtered off and washed with diethyl ether (20 cm3). The 
combined filtrate and washings were treated with 10% aqueous 
NaOH (3 x 20 cm3). After acidification of the alkaline extract 
with 17% aqueous HCl (25 cm3), the resulting solution was 
extracted with diethyl ether (4 x 20 cm3). The ethereal extract 
was washed with brine, dried (MgS04), and subjected to rotary 
evaporation to leave a brown oil. This was subjected to column 
chromatography several times for purification [Wakogel C-200, 
eluents: hexane and then hexane-ethyl acetate (95 : 5 to 80 : 20)]. 
Evaporation of the chromatographic fractions left a pale yellow 
oil which was dissolved in diethyl ether-hexane (1 : 9) and the 
solution stored at room temperature to afford a colourless 
needle-like crystal of compound 3 (41.1 mg, 0.25 mmol, 10% 
yield, GLC yield 16%). 

The mixture of the filtrate and ether washings left after 
alkaline extraction was washed with water (20 cm3), dried 
(MgSO,) and evaporated to leave a brown oil which was 
subjected to flash column chromatography wakogel  C-300, 
eluent: hexane]. Removal of the solvent left a colourless oil of 
4-methylchroman 4 (30.0 mg, 0.20 mmol, 8% yield, GLC yield 
9%); dc(10O MHz; CDCl,) 22.2 (q), 28.5 (d), 30.3 (t), 63.9 (t), 
116.7 (d), 120.2 (d), 127.2 (d), 127.6 (s), 128.7 (d) and 154.3 (s); 
m/z 148 (M', 50%), 133 (loo), 105 (44), 91 (28), 77 (24), 51 (24) 
and 39 (26). In other cases, the products were quantified by 
GLC analyses with dibutyl phthalate as an internal standard. 

Rearrangement of Phenoxycyclohexane 2d in Toluene in the 
Presence of A13+-Mont to produce the Cyclohexylphenols 5d and 
6d and Cyclohexyltoluenes (Table 2, run 23).-To toluene (2.45 
g, 26.6 mmol) was added A13+-mont (500 mg, 0.266 mmol as 
acid sites) at room temperature with a magnetic stirring. Over 
ca. 30 min the stirred mixture was heated to 100°C at which 
temperature it was kept for a further 15 min. To the mixture at 
the same temperature was added dropwise the phenoxycyclo- 
hexane 2d (234 mg, 1.33 mmol) over 5 min; the mixture was 
then stirred magnetically for 1 h. After the mixture had cooled, 
the catalyst was filtered off and washed with diethyl ether (20 
an3). Evaporation of the filtrate and washings left a brown oil 
which was subjected to column chromatography [Wakogel 
C-300, eluent : hexane] to provide first cyclohexyltoluenes as 
a colourless oil (127.3 mg, 0.74 mmol, 56% yield). Successive 
column chromatography [eluent : hexane-ethyl acetate (98 : 2)] 
afforded compound 5d (57.5 mg, 0.33 mmol, 25% yield) and 6d 
(1 1.8 mg, 0. I3 mmol, 5% yield) as a colourless oil. Compounds 
5d and 6d were identified by comparison of their 'H NMR, 13C 
NMR and mass spectra with those of authentic commercial 
samples. 

Compounds 2 were similarly rearranged in phenol, chloro- 
benzene or toluene to give alkylphenols and alkyltoluenes on 
isolation by flash column chromatography [Wakogel C-300, 
eluents: hexane and hexane+thyl acetate (98 : 2)]. A13 +-Mont 
was regenerated by washing with acetone (10 cm3) at room 
temperature for 24 h with a magnetic stirring, followed by 
filtration and then by drying at 120 "C for 24 h. 

sec-Butyltoluenes. A colourless oil isolated by column chro- 
matography (hexane as eluent) and identified as a mixture of 
three isomers by GLC. Each of isomers showed a similar mass 
spectrum; m/z 148 (M', 6%), I19 (100) and 91 (21) for major 
isomer (Found: C, 89.3; H, 10.8. Calc. for CllHl,: C, 89.12; 
H, 10.88%). 

tert-Butyltoluenes. A colourless oil isolated by column 
chromatography (hexane as eluent) and identified as a mixture 
of two isomers by GLC. Each of isomers showed similar mass 
spectrum; m/z 148 ( M f ,  27%), 133 (loo), 105 (56), 93 (21) and 
41 (40) for major isomer (Found: C, 89.3; H, 10.9. Calc. for 
C11H16: C, 89.12; H, 10.88%). 
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Cyclohexyltoluenes. A colourless oil isolated by column 
chromatography (hexane as eluent) and identified as a mixture 
of two isomers by GLC. Each of isomers showed a similar mass 
spectrum; mjz 174 (M+,  5373, 131 (loo), 118 (60), 105 (57) and 
91 (44) for major isomer (Found: C, 89.4; H, 10.5. Calc. for 
CI3Hl8: C, 89.59; H, 10.41%). 
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