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Ether Cleavage: Catalysis by Quaternary Ammonium
Todides

Sven ANDERSSON

Organic Chemistry 2, Chemical Center, University of Lund, P.O.B.
124, 22100 Lund, Sweden

Many methods for the dealkylation of aryl alkyl ethers have
appeared in the literature, and have been collected in a re-
view'. This review mentions the rarely studied but effective
aluminium iodide as a reagent for the cleavage of aryl alkyl
ethers.

We have found that the efficiency of this reagent can be im-
proved if a catalytic amount of a quaternary ammonium
iodide (such as tetra-n-butylammonium iodide) is added to
the reaction mixture. The iodide ions will then act as more
powerful nucleophiles.

1 Aldy/ (n-C He) NBJO (catalyst) /
solvent , retlux

Ar—0-R 2220 > Ar—OH + R—J

1 2 3

Reaction times were found to be remarkably shortened and
yields were improved. The example of anisole (1; R = CH,;,
Ar = C¢H,) is illustrative (Table 1).

Table 1. Cleavage® of Anisole (1, R = CH,, Ar = C,H;) with Alu-
minium lodide

Solvent Molar Ratio 1/ Reaction Yield [%]
(n-C4Hy),N®J®  Time of Phenol 2
benzene 360 03h ~ 100
cyclohexane 360 03h ~100
cyclohexane t.5h 85
carbon disulphide 360 03h 91
carbon disulphide - 1.5h 81!
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Table 2. Cleavage of Ethers 1a-~] by Aluminium Triicdide in the Presence of Catalytic Amounts of Tetra-n-butylammonium lodide

Ether Produc:*® Solvent Molar Ratios of Reaction Yield
AU 1(-CH)N®T®  Time®  [%]°
0CH, LOH
a benzene 1 360 0.3h 94
HaC HaC,
b CZ'OC"’ OH cvclohexane 2 100 0.7h 98
H o
c O—oczu; @-m- cyclohexane 1 360 1.0h 90
d @-o-@ -or benzene 1 360 10h  trace
OCH3 H
e Q:;cn, C§or benzene 3 180 0.5h 95
3 OH
# o=cH—{ DocH, o=cn—{’:\>—on benzene 1 360 0.5h 78
= cvclohexane 1 360 0.5h 80
0=CH 0=CH
o @—ocn, I ™y-om benzenc 1 360 05h 84
=CH =CH
h Q—ocua 2/:\ o benzene 48 360 15h s8¢
oH ‘ou
0=CH 0=CH
i QOH %_}_OH cvclohexane 5.5 120 2.5h 144
Hy You
0=CH 0=CH
j Qo 2/:_?_0,., cvclohexane 4.5 120 1.5h 844
0) o
CH=0 CH=0 cyclohexane 1.5 100 14.0h 884
Q oc 73 cyclohexane 33 100 1.5h %0
k Hyco Hs H’co_&}w cyclohexane 5.5 100 1.5h 914
HyCO HyCO cyclohexanc  10.0 50 10.0h 854
OCH3 H OCHy
I 0=CH CCHy A: 0=cn~(:\§ocn, + 0=CH OH cvclohexane 1.5 100 120h T(A)%
41(B)*
OCH, OCH, OCHs cvclohexane 33 100 6.0h 16(A)*5;
OH 84(B)d'°
B: o=cH~’ Y-on + o=cu— N—ocH; cyclohexane 5.5 100 15.0h 10(A)*¢;
— - d,e
OCH, OH 81(B

# The products were identified by b.p., m.p., or 'H-N.M.R. (JEOL
PMX 60 spectrometer) data.

The reactions were monitored sy T.L.C. (Si0,).

Yield of pure, isolated product.

o

o

We also found that the reactions are preferably conducted in
inert solvents such as benzenc¢ and cyclohexane, which are
more suitable for large scale handling.

In contrast to earlier studies', this ether cleaving reagent was
applied to aromatic systems containing formyl and hydroxy
functions, in addition to the alkoxy group in the ring. It was
found that the AlJ,/ether 1 rat 0 may be critical, both for the
reaction time and the product distribution (Table 2).

Aluminium Triiodide’2:

Aluminium powder (2.5 g, 93 mimol) and iodine (19.0 g, 150 mmol)
are mixed and refluxed in benzene (120 ml, or cyclohexane) until the
red colour of iodine has disappeared (1.5-2h).

4 Products isolated by column chromatography (silica, Merck 60).
* The different isomers of A and B could not be completely separa-
ted on a silica column.

Cleavage of Anisole (1; R = CH;, Ar = C H;); Typical Procedure:
To a cooled suspension of aluminium triiodide (50 mmol) in cyclo-
hexane (120 ml), a sotution of anisole (5.4 g, 50 mmol) and tetra-n-
butylammonium iodide (0.05 g, 0.14 mmol) in cyclohexane (25 ml) is
added dropwise. The mixture is refluxed for 20 min, then cooled in
an ice/water bath and hydrolysed with water (150 ml). The resulting
iwo layers are separated, and the water phase is extracted with
diethyl ether (2 x 25 ml). The extracts are collected and cxtracted
with 2 molar sodium hydroxide solution (30 ml). The water phase is
separated, acidified with concentrated hydrochloric acid (to
oH = 1), and extracted with diethyi ether (3 x 25 ml). The organic
phases are dried with sodium sulphate and evaporated to give pure,
crystalline phenoi (2; Ar = C¢H); yield: ~ 100%; m.p. 41-42°C
(Ref."3, m.p. 39-42°C).
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Cleavage of 1,2,3-Trimethoxybenzene (1¢); Typical Procedure:

To a cooled suspension of aluminium triiodide (150 mmol) in ben-
zene (120 ml), a solution of 1,2,3-trimethoxybenzene (1 e; pyrogallol
trimethyl ether; 8.4 g, 50 mmol) and tetra-n-butylammonium iodide
(0.1 g, 0.28 mmol) in benzene (25 ml) is added dropwise. After re-
fluxing for 0.5 h, the mixture is hydrolysed with water {150 ml). The
benzene phase is separated and washed with water (2 x 20 ml). The
water phases are collected and extracted with ethyl acctate
(6 x 25 ml). The ethyl acetate extracts are dried with sodium sul-
phate, and the solvent is evaporated to give pure, crystalline pyro-
gallol (2e); yield: 95% m.p. 131-133°C (Ref.’, m.p. 132 133°C).
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