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INTRODUCTION 
The dealkylation or cleavage of ethers constitutes an important method in the field of natural 

products and in the synthesis of polyfunctional molecules. Review articles concerning dealkylation of 
ethers have already been appeared in the literature in 1954,' 1965: 1967; 1983: 1987: and in 1988.6 
The present review therefore concentrates mainly on selected ether cleavage reagents of practical 
synthetic utility and recent developments concerning the problem of selective dealkylation in mole- 
cules containing two or more groups susceptible of dealkylation. Some overlap with the earlier 
reviews is thus unavoidable although emphasis is given on newer methods. 

For convenience, the topic is presented in four main sections: (I) dealkylation of alkyl and 
aryl ethers; (11) dealkylation of ally1 and benzyl ethers; (111) cleavage of cyclic ethers and (IV) selec- 
tivity in dealkylation of ethers. 

I. DEAKYLATION OF ALKYL AND ARYL ETHERS 

1. Acidic Reagents 
a)  Hydrobromic Acid in the Presence of Phase Tranger Catalyst 
The classical methods to hydrolyze ethers involve various protic acids under drastic condi- 

tions, e.g. the use of boiling concentrated hydriodic acid,' or of a large excess of concentrated hydro- 
bromic acidhydrochloric acid in acetic acid or acetic anhydride at reflux.' A useful modification is the 
use of hydrobromic acid in presence of phase transfer catalyst. 

Alkyl and aryl ethers are efficiently cleaved by 47% hydrobromic acid in the presence of 
catalytic amounts of phase transfer agents such as hexadecyltributylphosphonium bromide in a hetero- 
geneous aqueous-organic system? 

n-C I 6H33P+(C4H9-n)3Br- 
Rl-0-R' + 2HBraq. * R1-Br + R2-Br 

- HzO 

n-C 16H33P+(C4H9-n)3Br- 
Ar-0-R + HBraq. - Ar-OH + R-Br 

The best results are obtained with 5 and 10 mol of hydrobromic acid for aryl alkyl and 
dialkyl ethers respectively. On the other hand, the yields and reaction times do not depend on the 
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nature of the phase transfer agent but only on its concentration. An essential requirement for an effec- 
tive catalyst is its solubility in organic phase. Other than hexadecyltributylphosphonium bromide, 
tetraoctylammonium bromide and trioctylmethylammonium chloride have been used. In the absence 
of the catalyst the reaction is about 10-20 times slower. The results are summarized in Table 1. 

Typical Procedure. Cleavage of Di-n-octyl Ether7.- Di-n-octyl ether (12.1 g, 0.05 mol), 47% 
aqueous hydrobromic acid (56ml, 0.5 mol), and hexadecyltributylphosphonium bromide (2.5 g, 0.005 
mol) are mixed in a flask equipped with a magnetic stirrer and reflux condenser, and heated at 115" 
(inner temperature) with stining for 5 hrs. After this time GLC analysis (SE 30,3% over chromosorb) 
showed a 92% conversion into l-bromooctane. The organic layer is separated, dried with sodium 
sulfate, and distilled to give pure l-bromooctane; yield: 17.5 g (91%); bp 88"/torr. By treating the 
distillation residue with hexane, 2.3 g (92%) of pure phosphonium bromide are recovered, mp 54-56". 
In the case of aryl alkyl ethers, aqueous alkaline extraction of the organic phase affords the corre- 
sponding phenol. 

Table 1. Cleavage of Ethers with 47% HBr in Presence of Hexadecyltributylphosphonium 
Bromide 

Mol of Mol of Time Yield (%)" of 
R20rR HBr Catalyst (hrs) R'BrorRBr ArOH R' or Ar 

n-C4H9 n-C4H9 10 0.1 8 89 

n-C8H1 7 n-C8H17 10 0.1 5 91 

1 6H33 CH3 5 0.1 3 88 

91 

C6H5 n-C4H9 5 0.1 24 85 90 

90 4-t-Bu-C6H4 CH3 5 0.1 8 

4-t-Bu-C& n-C4H9 5 0.1 24 86 91 

- C6H5 CH3 5 0.1 5 

- 

a) Yield of isolated product 

b) Boron Tribromide 
Boron tribromide is regarded as one of the reagents of choice for dealkylation of ethers. 

Despite its efficiency, the primary advantage claimed in favor of boron tribromide is that the cleavage 
is effected under mild conditions and thus the need for the use of strongly acidic or basic reaction 
conditions can be avoided.8-10 Boron tribromide cleaves the ether linkage without affecting ester groups 
or double bonds. The reaction is conveniently carried out in dichloromethane, benzene or pentane at 
room temperature. Work-up involves hydrolysis with water and extraction of the product with ether. 

Boron tribromide has been used successfully for dealkylation of ethers during the course of 
synthesis of a variety of natural 
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DEALKYLATION OF ETHERS. A REVIEW 

General Procedure for Cleavage of Ether with BBr,8.- A weighed quantity of the ether (usually 15 
to 20 g) is introduced into the reaction flask and cooled in an ice-bath. The calculated quantity of 
boron tribromide is slowly introduced through a dropping funnel. In all cases boron tribromide and 
ether are allowed to react in the ratio of 1 mol of boron tribromide to 3 mol of ether. After addition of 
boron tribromide, the reaction mixture is heated on a water bath for 40 min. The alkyl bromide is 
distilled directly from the reaction mixture. After removal of the alkyl bromide by distillation, the 
residue remaining in the flask is hydrolyzed with a minimum amount of 10% sodium hydroxide solu- 
tion. The resulting solution is acidified with hydrochloric acid and extracted with ether. 

Table 2. Cleavage of Ethers by Boron Tribromide 

Ether Alcohol Yield (%) Bromide Yield (%) 

Et20 EtOH 61 EtBr 86 

i-Pr20 i-PrOH 50 i-PrBr 80 

n-Bu20 n-BuOH 62 n-BuBr 77 

Ph- 0-FY-i PhOH 64 i-PrBr 62 

Ph - 0 -Bu-n PhOH 75 n-BuBr 76 

- d O - M e  &OH 81 - 

- M e d o - M e  - M e d O H  - 87 - 

Me Me 

PhCH2- 0-Pr-n n - M H  71 PhCH2Br 75 

c)  Boron Trihulide-Methyl Suljide Complex 
One of the practical disadvantages in using borontribromide and boron trichloride lies in 

their tendency to fume profusely in contact with air. This can be avoided when boron trihalide-methyl 
sulfide addition complex is used. Boron tribromide and boron trichloride form stable complexes with 
methyl sulfide which are crystalline solids, stable and easy to handle. They can be prepared17 in gram 
quantities without any difficulty and stored under a dry, inert atmosphere of nitrogen for a long period 
of time without any loss of reactivity. They are a ready source of boron halides when used in solution. 

High yield dealkylation of several aryl ethers has been observed upon exposure of these 
compounds to a two-fold to four-fold excess of the boron trihalide-methyl sulfide complex.ls The 
results are presented in Table 3. 
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Table 3. Cleavage of Ethers with BBr3.S(CH& Complex 

Ratio of 
Ether Reagent / Ether Timea (hrs) Product Yield (%) 

Ph-0-Me 4.0 12 PhOH 86b 

3.97 l2  d 0 - H  67' 

Me Me 

(-JO-M3 

Me 0 0-Me 

3.91 

3.79 

Me-0 H - 0  

b 0 - M .  3.87 24 P O - "  64c 

Me Me 

a) Reaction run at 83". b) GLC yield. c) Isolated yield. 

General Procedure for the Cleavage of Ethers with Boron Trihalide-Methyl Sulfide Complex'9.- 
To a flame-dried 100 mL flask under an atmosphere of nitrogen is added 1,2-dichloroethane (30 mL) 
and an amount of boron trihalide-methyl sulfide complex as indicated in Table 3. To this solution is 
added the desired number of equivalents of the aryl ether. The reaction mixture is stirred at reflux and 
monitored by either TLC or GLC where convenient. When the starting material disappears, the reac- 
tion mixture is hydrolyzed by adding water (30 mL), stirring for 20 min and diluting with ether. The 
organic phase is separated and washed with 1 M NaHCO, and the phenol is subsequently taken up 
with 1 N NaOH (3x20 mL). The combined NaOH washings are acidified and the product is subse- 
quently extracted into ether, dried (MgSO,) and the solvent is removed in vacuum. 

d)  Boron Tribromide-Sodium Iodide-15-Crown-5 
An efficient procedure for the cleavage of aliphatic methyl ethers under mild conditions by 

use of the reagent-system, boron tribromide-sodium iodide-15-crown-5 is de~cribed.'~ This reagent 
system is found to be superior to boron tribromide in cleavage of many methyl ethers. The results are 
reported in Table 4. 

The use of this reagent has been advocated as convenient for deprotection of methyl ethers 
attached to primary and secondary carbon atoms. However, it either gives poor yields or brings about 
rearrangements when used with ethers derived from tertiary carbon atoms. 
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Table 4. Dealkylation of Alkyl Methyl Ethers with BBr3-NaI- 15-crown-5 

Methyl Ether Alcohol Yield (%)" 

L O H  

S,, 
A 

Bu' 

OMe 

6 OMe 

&OH 

A 
BU' 

OH 

0"' 

1 00 

100 

1 5  

93 

10 

a) Yield of isolated alcohol. 

Typical Procedure. Cleavage of 3-Phenylpropanol Methyl Ether19.- To a stirred solution of 3- 
phenylpropanol methyl ether (103 mg, 0.687 mmol) in dry methylene chloride (0.5 mL) is added 0.3 
M solution of 15-crown-5 (13.7 mL, 6 equiv.) with NaI in methylene chloride followed by addition of 
1 M solution of BBr, (2.1 mL, 3 equiv.) in methylene chloride at -30" under argon. The reaction 
mixture is stirred at the same temperature for 3 hrs, quenched by the addition of saturated aqueous 
NaHCO, solution (2 mL) and worked up in the usual manner. Chromatographic purification of the 
crude product gives the pure alcohol (93 mg, loo%), identical in all respects with an authentic sample. 

e )  Dimethylboron Bromide 
Although boron tribromide readily cleaves aryl methyl ethers to the corresponding phenols 

in very good yields, it presents certain limitations in case of alkyl methyl ethers producing alkyl 
halides predominantly (Table 2). Thus competing S,l versus S,2 mechanisms are inherent problems 
linked to boron halides which restrict their usefulness. Dimethylboron bromide is reported to be an 
effective and versatile reagent for the cleavage of C-0  bonds in a variety of ethers (Table 5).20 In 
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RANU AND BHAR 

contrast to boron trihalides, this reagent reacts by a preponderantly S,2 mechanism, thus allowing the 
regeneration of an alcohol from the methyl ether. 

Typical Procedure. Cleavage of l-MethoxydecanG0.- To a cold (0"), stirred solution of l-methoxy- 
dodecane (1.03 mmol) and triethylamine (0.21 mmol, to neutralize traces of free acid) in dry methyl- 
ene chloride (4.1 mL) under argon, is added a solution of dimethylboron bromide (1.34 M,0.99 mL) in 
methylene chloride. The coolmg bath is then removed and the resultant solution is then s h e d  at room 
temperature for 3 hrs. The reaction mixture is then cooled to O", quenched with saturated aqueous 
sodium bicarbonate (2 mL) and diluted with ether (30 mL). The organic layer is separated, washed 
with saturated sodium bicarbonate (2 mL), water (2 mL) and brine (2 mL). The aqueous washings are 
extracted with ether and the organic layers are combined. After drying the resultant solution is 
concentrated and subjected to flash chromatography to provide pure l-dodecanol(89%). 

Table 5. Cleavage of Ethers with (CH&BBr 

Substrate Reagent Temp. Time 
(equiv.) ("C) (hrs) Product Yield (%)a 

Me0 # 3  

aoMe 4.0 

a""' 4.0 

0-25 

0-25 

0-25 

70 

70 

18 

3 

6 

30 

36 

93 

15 

49 

72 

96 

a) Yield of isolated products. 

fl Boron Triiodide-N,N-Diethylaniline Complex 
Recently, a simple procedure for the cleavage of a variety of ethers using boron triiodide- 

N,N-diethylaniline complex, generated in situ from borane: N, N-diethylaniline and iodine, has been 
reported.21 The mode of dealkylation is presumably analogous to that reported for boron tribromide. 
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Both alkyl and aryl ethers are dealkylated (Table 6). Alkyl ethers produce iodinated products. Ortho 
substituents in aryl ethers do not impede the cleavage, but ethers bearing electron withdrawing 
substituents on the aryl nucleus (2-nitro and 4-nitro) are unreactive. 

Table 6. Cleavage of Ethers with Boron Triiodide-N,N-Diethylaniline Complex 

Time 
(hrs) Product Yield (%)' Substrate 

PhOMe 3 PhOH 85 

4-BrC6H40Me 4 4-BrC6H4OH 86 

3,5-C12C6H30Me 4 3,5-C12C6H,OH 67 

2- t-Bud -MeC6H30Me 3 2-f-Bu-5-MeC6H30H 71 

2-C aH70Me 3 2-CloH70H 94 

PhCH20CH2Ph 2.5 PhCH2I 88 

a) Yield of isolated products. 

Typical Procedure. Cleavage of Methyl 2-Naphthyl Ethe$'.- Addition of a solution of methyl 2- 
naphthyl ether (3.0 mol) in dry benzene (10 mL) to a complex of boron triicdide-N,N-diethylaniline 
(3.0 mol) (prepared from the borane-N,N-diethylaniline complex (3.0 mol) and iodine (9.0 mol)) 
under an argon atmosphere at room temperature results in a dark reaction mixture. After three hours 
2-naphthol is isolated in 94% yield. 

2. Basic Reagents 
a)  Sodium Salt of N-Methylaniline 
Aryl alkyl ethers are readily cleaved by the sodium salt of N-methylaniline in the presence 

of HMFT.22 The salt is prepared from the amine and sodium hydride in xylene/HMPT. The reactions 
are carried out at temperatures in the range of 60" to 120°, depending on the substrate (Table 7). 
Monodealkylation of the methyl ethers of polyhydric phenols is easily achieved. 1,2-, 1,3-, and 1,4- 
dimethoxybenzenes and 1,3,5-trimethoxybenzene are cleaved to the corresponding monophenol. 
However, it fails to proceed cleanly with substrates containing electronegative substituents such as 
halogen atoms because of the competing aromatic substitution. 

Typical Procedure. Cleavage of 1,2,4-Trimethoxybenzene22.- N-Methylaniline (2.68 g, 25 mmol) is 
added dropwise at 65" to a stirred suspension of sodium hydnde (0.6 g, 25 mmol) in sodium-dned 
xylene (5 mL) and HMFT (4.26g, 25 mmol, distilled over calcium hydnde and stored in dark over 
molecular sieves,8A0). After 15 min, the ether (12.5 mmol in the minimum amount of xylene) is 
added and the mixture is heated at 85". The reaction is monitored by GLC (3 m SE 30 column) and by 
TLC. When the starting material disappears (6 hrs) the mixture is poured into water, acidified with 
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dilute hydrochloric acid, and the product is extracted with ether. The ether phase is washed with dilute 
hydrochloric acid (2x90 mL) to remove HMPT and the amines and then the product is extracted with 
10% sodium hydroxide solution (2x90 mL). The aqueous phase is acidified with dilute hydrochloric 
acid and extracted with ether (3x90 mL). The organic phase is dried over calcium chloride and 
concentrated on a rotary evaporator to give pure 2,5-dimethoxyphenol; yield: 1.9 g (90%). The 
product may be further purified by column chromatography on silica gel. 

Table 7. Dealkylation of Alkyl Aryl Ether with Sodium N-Methylanilide in presence 
of HMPT 

Substrate Yield (%)a Temp. Product Time 
(hs) ("C) 

P O M e  

Me 

OCH2Ph q 
Me 

aoMe OMe 

OMe 

Me0 OMe 

6.5 120 

10 120 

0.5 95 

24 120 

9 95 

Me 

P O H  

Me 

aO" 
OMe 

Me0 OMe 

95 

80 

95 

90 

85 

G O M e  OMe 

OMe 

6 85 

17 120 

OMe 

@OH 

OMe 

o-""' 
OH 

90 

70 

a) Yield of isolated products. 
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b) Sodium Ethanethiolate 
Sodium ethanethiolate in non-polar aprotic solvents like DMF, has emerged as one of the 

efficient reagents to dealkylate aromatic ethers.23 Aromatic bromine substituents or olefinic groups 
remain unaffected under this procedure. Selective cleavage of one of the ether groups can be achieved 
in molecules containing more than one such groups (Table 8). 

Table 8. Dealkylation of Ethers by Sodium Ethanethiolate 

Equiv. of Time 
Product Yield (%) Reagent Olr4 

Ether 

Me 

OMe 

Me0 

OMe 

Br 
OMe 

Me0 how 

2.5 

2.5 

5 

5 

5 

2.5 

- 

3 

3 

3 

3 

3 

20 

- 

qoH 
Me 

MeToH 
om 

aoH 
OMe 

Br 
OMe 

96 

96 

84 

98 

89 

93 

- 

Typical Procedure. Dealkylation of rn-Metho~ytoluene~~.- Ethanethiol (1.25 g, 1 1.8 mmol) 
dissolved in dry DMF (20 mL) is added to a suspension of sodium hydride (1 .O g of a 50% oil disper- 
sion) in dry DMF (10 mL) under an atmosphere of nitrogen. The mixture is stirred for 5 min before a 
solution of m-methoxytoluene (1.09 g) in dry DMF is added. The solution is then refluxed for 3 hrs. 
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The cooled mixture is acidified with 10% aqueous hydrochloric acid and extracted with ether. The 
ether layer is washed with water and extracted with 5% sodium hydroxide. The alkaline extracts are 
then acidified and reextracted with ether. The ethereal solution is washed with water, dned and evape 
rated to give rn-cresol as a light brown oil; yield: 0.85 g (78%). 

This reagent has gained general acceptance to dealkylate ethers in organic synthesis and its 
scope has been further extended. It has been observed that methoxyl groups ortho to P-hydroxyethyl 
or yhydroxypropyl substituents in polymethoxybenzene derivatives are regioselectively demethylated 
with sodium thioethoxide in DMF?4 Methoxydihydrobenzofurans or methoxychromans are produced 
by cyclization of the monodemethylated P-hydroxyethyl or y-hydroxypropyl derivatives, respectively. 

24 % 

Recently, it has been reported25 that sodium ethanethiolate in DMF provides a convenient 
and regioselective method for the demethylation of q l  methyl ethers substituted by electron-with- 
drawing groups. Electronic factors appear to control the observed selectivity; i e . ,  methyl ethers para 
to electron-withdrawing functionality react preferentially with the thiol anion. In addition, substituent 
effects indicate a relationship between the Hammet constant and the efficacy of the reaction, with 
more electron-poor species providing higher yields of demethylated product. It is also apparent that a 
variety of these substituents (NO,, CN, acetyl) provide useful yields of deprotected product, therefore 
providing additional synthetic utility to this general method. 

c) Sodium Benzylselenolate 
Sodium benzylselenolate in refluxing DMF has been found to be a superior reagent for the 

demethylation of aryl methyl ethers, as evidenced by a study of its reaction with a number of repre- 
sentative nonphenolic aporphine alkaloids, including nuciferine 1, apomorphine dimethyl ether 2 and 
ocopodine 3 P  

1 

General Procedure for Alkaloid DemethylationsZ6.- To a stirred solution of dibenzyl diselenide 
(0.222 g, 0.65 mL) in dry DMF (10 mL) is added excess sodium borohydride (ca. 200 mg) under 
nitrogen. After 15 min the alkaloid (1 mmol) in DMF (10-15 mL) is introduced. The mixture is 
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DEALKYLATION OF ETHERS. A REVIEW 

Table 9. Regioselectivity in the Thiolate-Mediated Demethylation of Aryl Methyl Ethers 

Ether Phenol Conditionsa Yield (%) 

X R R' 

1 CH2CH2 CH30 H 1.5 eqb ,  0.5 hr, 85" 87 

2 CH2CH2 H CH30 1.5 eq., 3.5 hrs, 80" 83 

3 CH2CH2 CH30 CH30 1.3 eq., 0.5 hr, 100" 77 

4 0 CH30 CH30 1.5 eqb, 4.0 hrs, 80" 75 

5 NEt CH30 CH30 2.0 eqb ,  6.0 hrs, 85" 54 

1.5 eq., 3.5 hrs, 80" 80 

HO \ / Me0 

a) Expressed in terms of EtSNa equivalents, reaction time, and temperature. b) EtSLi employed. 

Me0 g Me - Hog Me 

MeO / Me0 
/ 

2 

Me Me 0 
___) 

MeO OH 
OMe OMe 

3 

refluxed under nitrogen until all the alkaloid is consumed (monitored by TLC). The mixture is cooled 
and the solvent is evaporated under reduced pressure. The residue is taken up in 5% sulfuric acid and 
the nonalkaloidal components are extracted with benzene. The acid solution is basified with 10% 
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RANUANDBHAR 

ammonium hydroxide (pH 8-9) and exhaustively extracted with chloroform. The combined chloro- 
form extracts are dried (anhydrous sodium sulfate) and evaporated. The product is further purified in 
the usual manner. 

3. Miscellaneous Reagents 
a) Trimethylsilyl Iodide 
TrimethylsiIyl iodide has been found to be another useful reagent for ether cleavage and has 

already gained much An important feature of this reagent is that its cleavage pattern 
with ethers is somewhat different from that of boron halides. Boron halides usually cleave an alkyl 
methyl ether to alkyl halide, whereas trimethylsilyl iodide dealkylates it to the corresponding silyl 
ether which is then hydrolyzed to alcohol. Many functional groups such as double bond, triple bond, 
keto-carbonyl, amino and aromatic halides are stable under this condition. The results are summarized 
in Table 10. 

Table 10. Dealkylation of Ethers by Trimethylsilyl Iodide 

R'-0-R2 + (CH3hSil - R'-OSiCH& + R21 

Reaction Conditionsa 
Time I Temperature R'-OSi(CH3)3 R21 

Yield of products (%) R' R2 

C-C6H1 1 CH3 6 hrs I 25" 95 5 

C-C&11 C2H5 12 hrs 125" 49 51 

c-C6H 1 1 t-C4H9 0.1 hr l  250b 100 0 

C-C6H1 1 C6H5CH2 0.1 hr 125" 

0 0  
CH3 2.5 hrs 125" 

C6H5 CH3 48 hrs 125" 

100 0 

100 0 

100 - 

3-CH3C& C2H5 140 hrs I 50°b 100 - 

a) Solvent CDC13, unless otherwise mentioned. b) In CC14. 

General Procedure for Dealkylation of EtheS9.- To a 2 M solution of ether (1 equiv.) in a suitable 
solvent (Table 10) is added neat trimethylsilyl iodide (1.3 equiv.) through a dry syringe. The reaction is 
maintained at temperature indicated in Table 10 and monitored by NMR for completion. Yields are 
calculated by NMR integration of pertinent peaks. For isolation of the alcohols, at the completion of the 
reaction, the excess trimethylsilyl iodide is destroyed and the intermediate trimethylsilyl ether formed 
during the reaction is hydrolyzed to alcohol by pouring the reaction mixture into methanol (4 equiv.). 
The volatile components are removed at reduced pressure and the residue is taken up in ether, washed 
with aqueous sodium bisulfite, aqueous sodium bicarbonate and brine and dried. The residue left after 
evaporation of solvent is further purified (if necessary) by column chromatography on silica gel. 
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DEALKYLATION OF ETHERS. A REVIEW 

b) Chlorotrimethylsilane and Acetic Anhydride 
Methyl and benzyl ethers have been cleaved with a combination of reagents consisting of 

chlorotrimethylsilane and acetic anhydride containing a catalytic amount of concentrated sulfuric 
acid.33 Comparative study with borontrifluoride etherate and acetic anhydride method of ether cleav- 
age34 suggests that chlorotrimethylsilane and acetic anhydride could be a useful alternative to it. A few 
representative examples are given below: 

- (CH3)3SiCl/ (CH3CO)zO 

HzS04 (cat) 
10 hrs, 24" MeOCO M e O  

89% 

A A 

71% 

General procedure33.- To a solution of the substrate (0.5 mmol) in dry ether (0.5 mL) is added acetic 
anhydride (2 mL) and chlorotrimethylsilane (1 mL) followed by one drop of concentrated sulfuric 
acid. The reaction mixture is left at room temperature or 0" for a certain period of time. It is diluted 
with water (200 mL) and extracted with hexane (3x100 mL), washed with water and dried over anhy- 
drous sodium sulfate. Distillation of the solvent under reduced pressure furnishes the crude product 
which is purified by preparative TLC. 

c) Zinc and Acyl Chloride 
Alkyl ethers are cleaved very efficiently with a combination of commercial zinc dust and 

acyl chloride in petroleum ether.35 The reaction condition is mild enough not to induce any rearrange- 
ment even during the cleavage of tertiary and secondary ethers. A wide variety of ethers undergo 
cleavage by this procedure to produce the corresponding alkyl chlorides and alkanoates. The results 
are presented in Table 1 1. 

General Procedure for Cleavage of Ether35.- A suspension of commercial zinc dust (1 30 mg, 2 
mmol, 25 mol%) in petroleum ether (60-80" fraction, 20 mL) is stirred with ether (8 mmol) and acyl 
chloride (8.8 mmol) at room temperature under nitrogen for a certain period of time as specified in the 
Table 11 (monitored by TLC). The reaction mixture is then quenched with a drop of water and diluted 
with ether (40 mL). Zinc dust is filtered off and is washed successively with diethyl ether (5x5 mL). 
The combined washings and the filtrate are washed with aqueous sodium bicarbonate solution and 
brine and then dried over sodium sulfate and evaporated to leave the crude product which is separated 
by column chromatography over silica gel to produce pure alkyl halide and alkyl alkanoate. 
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RANU AND BHAR 

Table 11. Cleavage of Ether with Zn I Acyl Chloride 

R1-O-R2 + R3COCI R1-CI + R3COOR2 

Time Yield (%)of Yield (%) of 
Acyl (hrs) Alkyl Halidea Alkyl Alkanoatea Ether 

80 

R' = n-CgH13, R2 = Me R3 = CH2Ph 4 82 82 

R' = Cyclohexyl, R2 = Me R3 = CHzPh 4 84 84 

85 

- R' = R2 = Et R' = CH2Ph 4 

- R' = Me, R2 = (CH2)3Ph R3 = Me 15 

- R' = CH(Me)(CH2)2Ph, R2 = Me R' = Me 5 78 

R' = c(Me)~(CH~)~ph,  R2 = Me R3 = Me 1 80 

R' = C(Me)2CH2Ph, R2 = Me R3 = Me 1 82 

- 

- 

a) Yield of isolated products. 

d )  Lithium Chloride in DMF 
Alkyl aryl ethers having electron-withdrawing substituents in the ortho or para positions are 

easily cleaved with lithium chloride in DMF?6 Ethoxy and even isopropoxy groups are easily cleaved 
when they are ortho to a nitro group. When an aldehydic or an ester carbonyl group is present, the 
cleavage requires longer reaction times but the yields are reasonably good. The methoxycarbonyl 
function does not survive these reaction conditions but undergoes demethylation to the carboxy group. 
Practically no reaction is observed with anisole and methylanisoles. The results are summarized in 

Table 12. 

Typical Procedure. Cleavage of 23-Dirnethoxyben~aldehyd~~.- 2,3-Dimethoxybenzaldehyde ( I  .O 
g, 6 mmol) and LiCl(0.76 g, 18 mmol) are heated in boiling DMF (10 d), the reaction being moni- 
tored by GLC. When the starting material disappears, 10% aqueous NaOH (30 mL) is added; the solu- 
tion is washed with ether (2x25 mL), then acidified with 10% aqueous HCl (50 mL), and extracted 
with ether (2x25 mL). The organic phase is washed with brine (30 mL), dried (sodium sulfate) and 
concentrated in a rotary evaporator to afford 2-hydroxy-3-methoxybenzaldehyde (0.88 g, 98%). 

e )  Potassium in THF-A Reductive Cleavage Agent 
Potassium in THF has been found to be an efficient reagent for the reductive cleavage of 

aromatic  ether^.^^"^ Selective removal of the 4-methoxy group in l-n-alkyl-3,4,5-trimethoxybenzenes 
is performed with this reagent under electron-transfer conditions. 
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DEALKYLATION OF ETHERS. A REVIEW 

Table 12. Cleavage of Alkyl Aryl Ethers with LiCl in DMF 

R X' Yield (%)a Reaction 
Time (hrs) X2 

Me 

Me 

Me 

Et 

i-Pr 

PhCH2 

Et 

Me 

Me 

Me 

Me 

Et 

i-Pr 

Me 

CH2C02Me 

2-NO2 

3-NO2 

4-NO2 

2-NO2 

2-NO2 

2-NO2 

4-NO2 

2-NO2 

2-c1 

2-Br 

2-CHO 

2-CHO 

2-CHO 

2-C02Me 

2-Me 

H 

H 

H 

H 

H 

H 

H 

4-Br 

H 

H 

H 

H 

H 

H 

H 

6 

6 

24 

22 

24 

22 

24 

4 

72 

72 

22 

22 

22 

22 

22 

98 

50 

98 

90 

35 

98 

10 

95 

55 

67 

70 

25 

5 

90 

5 

a) Yield of isolated products. 

K/THF,20" 

24 hrs 
R R 

R = H  
R = M e  
R = n-C5H, 
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RANU AND BHAR 

This reagent has also been utilized for the reductive alkylation of trimethoxybenzenes in the 
presence of alkyl halide in the reaction medi~m.3~ 

O W  Me 

* 
K I THF MeotYo" CH& O", 4 hrs 

f) Low Valent Titanium in THF-A Reductive Dealkoxylaion 
Facile dealkoxylation of aryl alkyl ethers is carried out using TiCbLi-THF in a one-pot 

operation.40 Low valent titanium induced coupling of 4 in THF produces 2,3-diphenylbut-2-ene 5 
exclusively. Thus, it is infeed that under the reaction conditions reductive dealkoxylation takes place 
in tandem with reductive deoxygenation of the carbonyl function. 

"'9, TiC13-Li-THF 

0 Me Me 

4 5 
Application of this methodology to other ortho akoxy-aromatic aldehydes and ketones as 

substrates furnished the corresponding phenanthrenes. 

g) Metallic Nitrate Supported on Silica Gel - An Oxidative Cleavage Reagent 
Metallic nitrates supported on silica gel efficiently cleave and oxidize primary and 

secondary ethers to the corresponding aldehydes and  ketone^.^' Especially, copper nitrate and zinc 
nitrate are suitable for practical use. Silica gel is essential for efficient oxidation. Overoxidation of the 
formed aldehydes to carboxylic acids is not observed. Some mechanistic studies suggest that the key 
step of the process involves the formation of radical species. This oxidative cleavage of ether seems to 
be useful for organic synthesis because of easy experimental operations, high yields of products and 
mild reaction conditions. The results of cleavage of several ethers by this procedure are summarized 
in Table 13. 

General Experimental Procedure4'.- Preparation of Oxidizing Reagent. To a solution of 
Cu(N0,),*3&0 (1.69 g, 7 mmol) in water (10 mL) is added 230-400 mesh chromatographic silica gel 
WB-300 (2 g) in one portion with shaking. Then the solvent is removed in a rotary evaporator. The 
blue powder formed is dried further at 130" under reduced pressure (5-15 Torr) with stirring until 
most of the moisture is removed. The reagent has the highest activity just when the color of the 
powder begins to change from blue to green and loses the activity when it changes to green 
completely. If the brown gas is evolved during drying the reagent has no activity. Usual drying time is 
about 30 min. One gram of this reagent (3.5 mmoVg of SiO,) contains about 2.1 1 mmol of Cu(NO,),. 
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DEALKYLATION OF ETHERS. A REVIEW 

Table 13. Oxidative Cleavage of Ethers by M(N03)2-Si02a 

Ether M Solvent Product, yield, % Recovery, % 

cyclododecyl methyl ether 
hexyl etherb 
hexyl etherb 
butyl etherb 

2-hexenyl methyl ether 
benzyl methyl ether 

p-methylbenzyl methyl ether 
p-chlorobenzyl methyl ether 
m-chlorobenzyl methyl ether 
p-fluorobenzyl methyl ether 
p-nitrobenzyl methyl ether 

benzyl ethyl ether 
benzyl isopentyl ether 

Zn 
zn 
Zn 
c u  
zn 
Zn 
c u  
c u  
cu 
c u  
c u  
zn 
zn 

CCl, 
isooctane 

CC14 
C C 4  
CC14 

isooctane 
isooctane 
isooctane 
isooctane 
isooctane 
isooctane 
isooctane 
isooctane 

cyclododecanone, 87 
hexanal, 97 

hexanal, 65; hexyl nitrite, 10 
butanal, 64; butyl nitrite, 25 

2-hexenal, 81 
benzaldehyde, 94 

p-tolualdehyde, 83 
p-chorobenzaldehyde, 83 
rn-chlorobenzaldehyde, 8 1 

p-fluorobenzaldehyde, 65 
p-nitrobenzaldehyde, 65 

benzaldehyde 
benzaldehyde, 84; isopentyl nitrite, 23 

18 
46 
35 
27 
2 
0 
0 
4 
14 
0 
5 
0 
0 

benzyl hexyl ether Cu isooctane benzaldehyde, 81; hexyl nitrite, 69; hexanal, 1 

benzyl etherb Zn CC14 benzaldehyde, 159 0 
1,4-bis(methoxyrnethyl)benzene Cu CC14 4-(methoxyrnethyl)benzaldehyde, 70; 24 

1,4-benzenedicarboxaldehyde, 9 

a) An ether (1 mmol) and M(N03),-Si02 (4 mmol) were heated under reflux in a solvent (20 mL) for 1 hr. 
b) One mole of the products from 1 mol of the ether was calculated as 100%. 

Procedure for Oxidative Cleavuge. Benzyl cyclohexyl ether (188 mg, 1 mmol) and Cu(N03),-SiO, 
(1.14 g, 2.4 mmol; 3.5 mmoVg of SiO,) are heated under nitrogen atmosphere in refluxing CCl, (12 
mL) while being stirred. The brown gas evolves. The reaction is monitored by TLC. Ten minutes later 
the brown gas disappears. After 15 min of heating, n-pentadecane (0.1 mL), which is an internal stan- 
dard in GLC analysis, is added and the reaction mixture is transferred to a small glass column with a 
cotton plug. The solid is separated by filtration and eluted with acetone (3 A). The filtrate and the 
eluate are combined and subjected to GLC analysis. Benzaldehyde (0.92 rnmol, 92%), cyclohexanone 
(0.47 mmol. 47%), and cyclohexyl nitrite (0.35 mmol, 35%) are detected. Other oxidation reactions 
are also canied out in a similar way. 

h) Nitrogen Dioxide - An Oxidative Cleavage Reagent 
Ethers are efficiently oxidized by nitrogen dioxide to give the corresponding aldehydes and 

ketones in the presence of silica The cleavage is carried out by stirring an ether (1 mmol) and 
230-400 mesh chromatographic silica gel (1 g) in CCl, (20 mL) at room temperature or at reflux 
under an atmosphere of nitrogen dioxide. 

Benzyl and secondary ethers produce the corresponding aldehydes and ketones in high 
yields, but primary ethers react more slowly (Table 14). In the absence of silica gel the extent of reac- 
tion is insignificant. 

Nitrogen dioxide also converts hydroquinone dialkyl ethers into the corresponding quinone 
and alkyl nitrite in dichloromethane at room tem~erature.4~ 

389 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



RANU AND BHAR 

Table 14. Cleavage of Ethers by Nitrogen Dioxidea 

Ether Time (min) Product Yield (%) 

cyclododecyl methyl 30 c yclododecanone 88 

benzyl cyclohexyl 15 benzaldeh y de 94 
cyclohexanone 36 
cyclohexyl nitrite 13 

dibenzylb 20 benzaldehyde 194 

1 -phenylethyl methyl 15 acetophenone 85 

dihexyl 60 hexanal 32 

a) Reaction at room temperature. b) At reflux 

II. DEALKYLATION OF ALLYL AND BENZYL ETHERS 

a} Aluminum Chloride - N,N-Dimethylaniline 
Ally1 and benzyl ethers are cleaved readily on treatment with AlC4 and N,N-dimethylani- 

line to give parent alcohols in high yields.@ Several functionalities such as ester, sulfide and olefinic 
double bond remain unaffected under this procedure. Ready availability as well as ease of handltng of 
the reagent provides a particular advantage of the present system. 

- Ph-OH 
AlC13-PhNMe2 

Ph-OR 
CHZC12, rt 

R = ally1 93% 
R = benzyl 93% 

R = alkyl 
R = benzyl 
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DEALKYLATION OF ETHERS. A REVIEW 

General Procedure for Dealkylation44.- To a solution of ether (0.443 mmol) and N,N-dimethylani- 
line (1.33 mmol) in methylene chloride (1 .O mL) is added powdered aluminum chloride (239 mg, 1.79 
mmol) at room temperature. Stirring is continued at room temperature for benzylic ether and at reflux 
in case of allylic ether. The reaction mixture is then quenched by addition of 1 N HCl(3 mL) and the 
aqueous layer is extracted with ethyl acetate (3x7 mL). The combined organic layers are successively 
washed with 5% NaHCO, solution and brine, dried over anhydrous sodium sulfate, and the solvent is 
removed under reduced pressure. The remaining residue is purified by short column chromatography 
(SO,, hexane: ethyl acetate (v/v)= 4:l) to give the alcohol. 

b) Cutionic Iridium Complex 
It has been reported that allyl ethers can be isomerized stereoselectively to give the corre- 

sponding trans- 1 -propenyl ethers in high yields using the hydrogen-activated cationic iridium 
c0mplex.4~@ 

Table 15. Deallylation of Ally1 Glycosides 

Isomerized Product Deprotected Product 
(yield) (yield) 

G1 y coside 

Thus, a two step deallyiation procedure using 1,5-cyclooctadiene-bis(methyldiphenylphos- 
phine)iridium hexafluorophosphate and catalytic amounts of osmium tetroxide with trimethylamine 
N-oxide is used to protect allyl glycosides in the presence of an aide group at C-2P7 This method 
avoids the formation of intramolecular 1 ,3-dipolar cycloaddition products which are isolated during 
the deprotection using other procedures. 

Typical Experimental Procedure47.- Hydrogen is bubbled for 15 minutes into a suspension of 1,5- 
cyclooctadiene-bis(methyldipheny1phosphine)iridium hexafluorophosphate (100 mg, 0.12 mmol) in 
THF (20 mL). Immediately the iridium catalyst loses its pink color and starts to dissolve. The mixture 
is added to a stirred solution of allyl-2-azido-2-deoxy-4-O-benzoyl-3,6-di-O-benzyl-Ocl-~-glucopy- 
ranoside (2.0 g, 3.8 mmol) in THF (40 mL) and the reaction is stirred for 12 hrs at room temperature 
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RANU AND BHAR 

under nitrogen. The solvent is removed under reduced pressure and the residual compound is taken up 
in methylene chloride (50 mL). Trimethylamine N-oxide dihydrate (650 mg, 5.8 mmol) and osmium 
tetroxide (10 mg, 0.04 mmol) are added and the solution is stirred for 12 hrs at room temperature. The 
solvent is evaporated and the residue is purified by silica gel chromatography (ethedpentane 1.5: 1) to 
yield the corresponding hydroxy compound (1.4 g, 76%) as an oil. 

c) Samariwn(III) Chloride - Catalyzed Electrolysis 
The allyl-oxygen bond in a series of alkyl and aryl ally1 ethers is cleaved in a SmC1,- 

catalyzed electrochemical reaction!* The electrochemical method is based on the use of an undivided 
cell fitted with a consumable magnesium anode. The reaction condition is mild enough not to affect 
carboxylic ester and olefinic double bond. The results are presented in Table 16. 

General Electrolysis Condition48.- A distilled DMF (35 mL)/ammonium salt (0.3 mmol) (eventually 
KI, 0.3 mmol) solution containing the ether (10 mmol) and anhydrous SmCl, (10 mmol) is stirred at 
room temperature and electrolyzed at constant current of 100 mA (current density of 0.5 A.dm-*) in a 
one-compartment electrochemical cell fitted with a central magnesium anode and a nickel foam 
cathode (20 cm2). Reactions are followed by GLC and stopped when completed (after 5.5-8 hrs, with 
consumption of 2-3 Faraday per mol of ether). The DMF solution is acidified with aq. HCl(O.1 M) 
and extracted with pentane-ether (1:l). The organic layer is washed with water, dried over MgSO, 
and evaporated. Products are purified by column chromatography on silica gel with pentane-ether 
mixture as eluent. 

Table 16. SmC13-Catalyzed Electrochemical AIlyl Ether Cleavage 

Ether Supporting Electrolyte 

RC5H11 CHOCH2CH=CH2 
I 
CH=CH2 

n-Bu4N' Br- 

~ - B u ~ N +  BF4- + KI 

~ - B u ~ N +  BF4- + KI 

n-Bu4N+ Br- + KI 

~ - B u ~ N +  BF4- 

n-Bu4N+ BF4- 

Product Yield (%) 

PhOH 90 

67 
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DEALKYLATION OF ETHERS. A REVIEW 

d) Low Valent Titanium 
A novel method for deprotection of allyl and benzyl derivatives of alcohols and phenols by 

low vaient titanium is demonstrated!' Among several low valent titanium reagents such as TiCI,-Li- 
DMF, TiC1,Mg-THF and TiC1,-Zn-THF tested, the first one is found to be the most efficient. It is 
proposed that deallylatioddebenzylation reaction proceeds via oxidative addition of Ti(0) to the 
substrate followed by the cleavage of the Ti-0 bond to form the alkoxiddphenoxide anion. 

II 
R-0-R' + T ~ O  - R-0-Ti-R' - R-0- + Ti+(R') 

General Procedure for Cleavage4'.- A mixture of TiC1, (1.55 g, 10 mmol) and Mg (0.410 g, 17 
mmol) in dry THF (50 mL) is heated under reflux for 3 hrs in an atmosphere of argon. The resulting 
black mixture is cooled and a solution of allyl or benzyl ether (5 mmol) in THF (5 mL) is added drop 
wise to it. The mixture is then refluxed for a certain period of time (Table 17), cooled, diluted with 
ether, acidified with dilute HCl(1:l) and passed through celite. Finally, it is washed with water, dried 
(N%S04) and evaporated to furnish the crude product which is purified by chromatography (SiO,) to 
furnish the pure alcohol. 

Table 17. Deallylation of Ally1 and Benzyl Ethers with Low-valent Titaniuma 

Ether Time (hrs) Product Yield (%) 

moH 
26 moH 

? CH&H=CH2 & 2 &  HO 

85 

64 

88 

70 

28 

90 

a) TiC13-Mg-THF used as a source of low-valent titanium, if not otherwise stated. 
b) TiC13-Li-THF used. 
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RANU AND BHAR 

e) Zirconocene Dichlorideh-Butyl Lithium 
An efficient zirconium-mediated deprotection of allyl ethers using zirconocene equivalent 

CP,Zr is reported recently.5o The reaction condition is very mild (nearly neutral) and does not affect 
acid labile protective groups such as 0-tetrahydropyranyl and 0-isopropylidene. Moreover, the selec- 
tive deprotection of an allyl group is achieved in the presence of N-ally1 protective group. The results 
of deprotection of several structurally varied allyl ethers are presented in Table 18. 

Table 18. Zirconium-Mediated Deprotection of Allyl Ethers 

Ether Product Yield (%)a 

0- 

Ph4 

OH 
Ph4 

87 

T H P O - O ~  THPO-OH 97 

I 

CH&H=CH2 

cholesterol 

PhA ' PhA 

Ph4 

98 

97 

82 

95 

a) Isolated yield 

Typical Procedure. Cleavage of Allyl Cholesteryl EtheSo.- A solution of n-butyllithium (1.45 M in 
hexane, 1.26 mL,1.82 mmol) is added dropwise to a solution of zirconocene dichloride (266 mg, 0.91 
mmol) in THF (4 mL) at -78" with stirring. After stirring for 1 hr at -78" a solution of the ether (298 
mg, 0.7 mmol) in THF (2 mL) is added, and the acetone-dry ice bath is removed. After the mixture is 
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DEALKYLATION OF ETHERS. A REVIEW 

stirred at ambient temperature, 1 N HC1 is added at o", and the mixture is extracted with ether. The 
organic layer is washed with brine and dried over MgSO,. After filtration the solvent is removed in 
vacuum. The residue is purified by silica gel column chromatography (hexane-ethyl acetate, 3:l) to 
give cholesterol (263 mg, 97%) 

fl PdCl]C~CuDIMF-H,O/O, 
A mild method for the deprotection of diverse 0-ally1 ethers of glycosides and inositol by 

use of PdClJCuC1IDMF- H,O/O, is described?' Sensitive protective groups also remain unaffected 
under this procedure. The results of cleavages of different substrates are summarized below: 

PdClz (1 mol equiv.) 
* ROH 

DMF-H20 (10: 1) 
R.0- 

88-93% 
CuCl(1 mol equiv.) 

RT, 1-6 hrs 

General Experimental Procedures1.- To a round bottom flask containing 0-ally1 derivative (1 
mmol) in DMF (2 mL) and water (0.2 mL) (1O:l) is added PdCI, (1 mmol) and CuCl (1 mmol) and 
stirred for 4 hrs at room temperature while oxygen is continuously bubbled. The reaction mixture is 
diluted with ether (20 mL) and filtered on a bed of celite. The filtrate is again diluted with ether (50 
mL) and washed with water. The organic phase is dried over sodium sulfate, concentrated and filtered 
on a bed of silica gel to obtain the product. 

g) Pd(phJpaBH, 
Another simple method for the deprotection of allyl ether involves treatment of aryl allyl 

ethers with catalytic amounts of Pd(Ph,), and NaBH, at room temperature under non-hydrolytic 
 condition^.^^ A range of reducible functional groups including nitro, acetals, carboxylic acids, amides, 
nitriles, carbamates and imides are compatible with this procedure. It has been assumed that the reac- 
tion proceeds via the formation of x-complex rather than the commonly accepted propenyl intermedi- 
ate and that hydride transfer from NaBH, to this %complex affords propene and phenol after aqueous 
work up. Some representative examples of deallylation are given below: 
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RANU AND BHAR 

Pd(Ph3)4 / NaBH4 
c 

THF 

6 

8 

10 

Ph 

I . 
CN 

12 

7 (98%) 

6 
NO2 

9 (94%) 

&COzH 

11 (98%) 

Hot!ph CN 

13 (97%) 

Typical Experimental Procedure. Deallylation of lZ2.- To a solution of compound 12 (70.5 mg, 
0.19 mmol) in THF (2 mL) is added a catalytic amount of Pd(PhJ4 (4.4 mg, 0.02 equiv.). The slightly 
yellow solution is stirred for 5 min and NaBH, (llmg, 0.287 mmol) is introduced. After 1 hr, the 
excess NaBH, is destroyed by addition of 1 N HCl. The solvent is removed and the aqueous solution 
is extracted with methylene chloride. The combined organic extracts are washed with brine, dried over 
sodium sulfate and evaporated. The crude residue is purified by flash chromatography over silica gel 
(heptane/ethyl acetate 3:l) to afford product 13 (61 mg, 97%). 

h) N-Bromosuccinimide 
A novel approach for deallylation of allylic ether involves the treatment of the ether with 

N-bromosuccinimide which brominates allylic position under very mild free-radical conditions to 
afford an a-bromoether which then undergoes hydrolysis to produce the deprotected alcohol and 
volatile a ~ r o l e i n . ~ ~  

ROCHzCH=CHz + NBS --+ [ROkHCH=CHz] 

1 
H20 

ROH + CHFCH-CHO 7 ROCHBrCH=CH2 
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DEALKYLATION OF ETHERS. A REVIEW 

This method has found application to different carbohydrate derivatives where the allyl 
group is protecting a primary, secondary and anomeric hydroxyl group in the presence of other acid 
and base sensitive protecting groups. The findings are summarized in Table 19. 

Table 19. Deprotection of Ally1 Ether by NBS / H20 

Substrate Product Yield (%)" 

85 

78 

CH20Ac 

100 
AcO oo- OAc OAc 

a) Isolated yield 

General Experimental Procedud3.- To a solution of the allyl ether (3 mmol) in freshly distilled 
carbon tetrachloride (100 mL) is added NBS (3 mmol) and the mixture is refluxed and irradiated with 
a Tungsgram Halogen 60000 T8 R7-s-15 lamp in a Pyrex round bottom flask for 30 min. Reactions 
are monitored by TLC. After completion, aqueous 3 M NaOH solution (100 mL) is added (in certain 
cases silica gel is used for hydrolysis) and the mixture is stirred for 1 hr. The organic phase is sepa- 
rated, washed with water, and concentrated and the residue is subjected to column chromatography to 
yield the corresponding products. 

i) Boron Trichforide - Methyl Sulfide Complex 
Selective cleavage of benzyl ethers in presence of cyclic and silyl ethers, esters, ketones, 

alkenes, alkynes and terminal silylated enyne, has been achieved through a simple procedure involv- 
ing BCl,*SMe, c0mp1ex.s~ 
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RANU AND BHAR 

PhCH20' 0. * H o - o * ~ T M s  
BC13.SMe2 (2 equiv.) 

2 hrs .-kTMS OAc E i  OAc 

76% 

III. CLEAVAGE OF CYCLIC ETHERS 

a) Palladium(II) complexes in Presence of Triorganotin Halides 
Cyclic ethers are cleaved and acylated in the presence of acyl halide, a catalytic amount of 

palladium(I1) complex and trialkyltin halide under mild ~0nditions.S~ The presence of a catalytic 
amount of trialkyltin halide enhances the acylation although a slow reaction is detected even in the 
absence of the compound. Oxiranes are acylated without a catalyst, while tetrahydropyran is much 
less reactive than tetrahydrofuran. The reaction of 2-methyltetrahydrofuran gives predominantly 4- 
chloro-Cmethylbutyl benzoate, suggesting an SJ ring opening process. All these results are 
presented in Table 20. 

Table 20. Cleavage of Cyclic Ethers Catalyzed by Pd(I1) Complexa 

Pd-catalyst (n-C4H&SnCI Ether 
mol % mol % 

Product (% yield) 

a 0.5 
0 

15 

15 C~HSCO~(CH~)~CH(CH~)C~(~~) 

0.7 15 

a) Benzoyl chloride used as acylating agent 

A Typical Experimental Procedure. Cleavage of 2-Methyltetrahydrofuranss.- A mixture of 2- 
methyltetrahydrofuran (603 mg, 7 mmol), benzoyl chloride (984 mg, 7 mmol), tributyltin chloride 
(330 mg, 1.01 mmol) and chlorobenzyl-bis(triphenylphosphine)palladium(II) (35 mg, 0.049 mmol) is 
heated to 63" for 48 hrs. The volatile fractions are transferred by means of a reduced pressure distilla- 
tion to a cold trap at -180". The nonvolatile residue is dissolved in ether and extracted with saturated 
sodium bicarbonate and potassium fluoride aqueous solutions. The ether layer is dried over magne- 
sium sulfate and evaporated to leave 4-chloropentyl benzoate (1.193 g, 81%). 
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DEALKYLATION OF ETHERS. A REVIEW 

b) Sodium Iodide - Acyl Chloride 
Cyclic ethers are regioselectively cleaved at less substituted carbon-oxygen bond in the 

The cleavage reaction proceeds effectively without the use of an excess amount of acyl chlo- 
absence of any Lewis acid by the reagent system of sodium iodide and acyl 

rides. Results of cleavages of a variety of cyclic ethers are summarized in Table 21. 

Table 21. Cleavage of Cyclic Ethers by NaI-RCOCI 

Time 
(bs) 

Ether Acyl chloride Products Yield (%)a 

(ratio)b 

0 MeCOCl 21 
0 

MeCOCl 44 

MeCOCl 23 
0 

a ‘BuCOC1 22 
0 

‘BuCOC1 21 

85 CH$O2CH(CH3)(CH2)31 

+ (4951) 
CH3CO2(CH2)3CH(CH3)1 

‘BuCO~CH(CH~)(CH~)~I 91 
(97:3) + 

‘BuCO~(CH~)~CH(CH~)I 

‘BuCO~CH(CH~)(CH~),I 59 
(80:20) + 

‘BuCO~(CH~)&H(CH~)I 

tB~C02CH(CH2)31 

CH20Ac 
I 71 

a) Isolated yield. b) Ratio determined by VPC 

The regioselectivity observed in these ether cleavage reactions giving the iodide of the less 
substituted carbon atom is in a marked contrast to other reported ether cleavage reactions with Lewis 
acid-acyl chloride reagents.’ However, the present selectivity depends highly on the types of acyl 
chloride employed; neither acetyl nor benzoyl chloride exhibits any appreciable selectivity, whereas 
pivaloyl chloride imparts very high selectivity. 

A Typical Experimental Procedure. Cleavage of To an acetonitrile (10 mL) solution of 
THF (0.17 mol) and sodium iodide (0.20 mol) is added acetonitrile (5 mL) solution of acetyl chloride 
(0.17 mol) at 0”. After 21 hrs of stining the reaction mixture at an ambient temperature, reaction is 
quenched by the addition of aqueous sodium bisulfate. After extraction with ether followed by drying 
over sodium sulfate, the distillation of the solution gives 4-iodobutyl acetate (91%). 
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RANU AND BHAR 

A recent study57 of regiocontrolled ring opening with this reagent reveals that cleavage of 2- 
methyltetrahydrofuran with bulky acid iodides RCOI gives predominantly the primary iodides (Table 
22), while acid chlorides RCOCl lead to secondary chlorides almost exclusively, regardless of the 
nature of R (Table 23). 

RCOCl/ NaI / MeCN 
or RCOCl / ZnC12 

14 15 

Table 22. Ring Opening of 2-Methyltetrahydrofuran with RCOCl I NaI in MeCN (24 hs, rt). 

R 141 15 Yield (%) 

Me 38 I 6 2  85 

Et 44/56 82 

'Pr 62 I 38  65 

'Bu 9812 95 

ClCH2 10 I 9 0  56 

c13c 9812 62 

C3F7 991 1 70 

Table 23. Ring Opening of 2-Methyltetrahydrofuran with RCOCl I ZnClz (cat.) (rt). 

R 14 / 15 Yield (%) 

Me 

'Bu 

3 197 

2 / 9 8  

ClCH2 2 / 9 7  

c13c 4 / 9 6  

95 

92 

65 

5 

C3F7 2 / 9 8  5 

c) Platinum Complexes 
Cyclic ethers are readily cleaved under mild conditions by acid halides in the presence of 

platinum(II) complexes.58 The reactions are usually exothermic and, when conducted stoichiometri- 
cally with respect to ether and acyl halides, sometimes require external cooling. For this reason the 
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DEALKYLATION OF ETHERS. A REVIEW 

ether is generally used in excess to serve as a heat sink. This reaction shows the same kind of regioss 
lectivity expected in an S,1 reaction as observed in the cleavage of 2-methyltetrahydrofuran to 
produce 2-chloropentyl acetate in good yield (Table 24). This reaction does not occur with acyclic 
aliphatic ethers such as diethyl ether or 1,2-&methoxyethane; thus it can be used for the selective 
cleavage of cyclic ether in presence of acyclic one. 

Table 24. Cleavage of Ethers with Pt@) Complex 

Acyl halide Catalyst 
(moll (mmol) Ether Product Yield (%) 

MeC02CH2(CH2)3Cl 72 

K[Pt(C2H4)C131 MeC02(CH2)3CH(Me)Cl 70 

THF MeCOCl K[Pt(C2I&)C131 
(0.56) (0.1 1) (1.3) 

(0.35) (0.08) (1.3) 
2-MeTHF 

235-(Me)2THF [Pt(C2H4)C1212 MeC02CH(Me)(CH2)2CH(Me)C1 8 1 
(0.30) (0.W (0.61) 

oxetane MeCOCl K[Pt(C2%)C131 
(0.19) (0.04) (1.4) 

47 

[Pt(C2H4)C12]2 MeC02(CH2)5Cl 57 (0.068) tetrah y dropyran 

General Procedure for Cleavage Reactiod8.- In a typical procedure acetyl chloride (8.83 g, 0.1 13 
mol) is added dropwise to a stirred tetrahydrofuran (40.0 g, 0.56 mol) solution of K(Pt(C,H,)ClJ (500 
mg, 1.29 mmol). The mixture becomes warm, and after 24 hrs the volatiles are flash distilled in 
vacuum. Distillation of the residue at reduced pressure yielded 4-chlorobutyl acetate (1 2.1 g,72%) 

d)  Aluminum Chloride - Sodium Iodide - Acetonitrile 
Unsymmetrically substituted 5-membered cyclic ethers are effectively cleaved with the 

AlCl,-Nd-CH,CN system at the less hindered carbon atom to afford &iodoalc~hols?~ Although the 
ring opening mode with this reagent system is the same as other methods involving Lewis acids, the 
advantage exists in obtaining the unprotected Giodoalcohol directly. Conversion of ent-14a- and ent- 
l2b-hydroxykaurene is achieved through the ring opening of the cyclic ether with this reagent system 
as a key step. 

I 
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RANU AND BHAR 

e) Zinc-Acyl Chloride 
Recently a very simple and efficient cleavage of tetrahydrofuran on reaction with different 

acyl chlorides in presence of commercial zinc dust leading to 4-chlorobutyl alkanoates in high yields 
has been demon~trated.~~ In a general typical procedure, a suspension of a catalytic amount of 
commercial zinc dust (25 mol%) in ether is stirred with THF (1 mmol) and acid chloride (1 mmol) at 
room temperature for a certain period of time as required for completion. The product is isolated by a 
simple work up involving filtration of the zinc dust and evaporation of ether. 

Table 25. Cleavage of Tetrahydrofixan with Zn 1 Acyl Chloride 

R Time (hrs) Yield (%)= 

CH3 

C2H5 

n-C3H7 

i-C3H7 

PhCH, 

Cyclohexyl 

Ph 

3 

6 

14 

14 

6 

8 

18 

87 

80 

88 

80 

90 

82 

70 

a) Isolated yield 

f) Trimethylsilyl Iodide 
Trimethylsilyl iodide readily cleaves substituted cyclic ethers under neutral and mild condi- 

tiomm The primary iodides are formed predominantly indicating S,2 type cleavage. A few illustra- 
tive examples are given below: 
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DEALKYLATION OF ETHERS. A REVIEW 

M e 3 S I O y  
I 

I/\f + 0 Me3SiC1 I NaI 
4Me MeCN,20", 1 hr * OSiMe3 

8 6 :  14 (66%) 

Me3SiC1 I NaI OSlMe:, 

MeCN,20", l h r  I + Me3SiO Et 
9 1 : 9  (80%) 

* 1- 
'BuMeZSiC1 J NaI oMe MeCN, 20", 6 hrs OSiMe2But 

63% 

IV. SELECTIVITY IN DEALKYLATION OF ETHERS 

The selective dealkylation of one ether moiety without affecting others is of much impor- 
tance and a frequently desired process in organic synthesis. Although very little systematic study has 
been made on this specific area, there are a number of reagents available which are capable of doing 
such transformations. 

a) Selective Dealkylation ofAlkyl Ether 
Selective demethylation of aliphatic methyl ether with AlCJ-NaI-CH,CN reagent system is 

demonstrated.6' 

- r o H  
OMe dcI, (10 equiv.) - NaI - MeCN 

r.t., 6 hrs OMe 

59% 

* &  AIC13 (5 equiv.) - NaI 

MeCN - CHzClz 

r.t., 5.5 hrs Me0 

87% 

Me0 

Selective cleavage of dialkyl ether in presence of an aryl alkyl ether is very efficiently 
achieved using zinc dust and acyl chl0ride.3~ 

O W  

Zn - AcCl 6' r.t., 1 hr 
OMe 

Trimethylsilyl cleaves aryl alkyl ethers significantly slower than d i m 1  ethers, so 
that dialkyl ethers are cleaved completely under conditions which cause only 510% cleavage of 
phenolic ethers. 
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RANU AND BHAR 

An efficient dealkylation of an aliphatic methyl ether is achieved without affecting the fused 
tetrahydrofuran ring present in the molecule by BBr3-NaI-15-crown-5 reagent ~ystem.'~ 

* Q-- - - BBr3 - NaI - 15-crown-5 

Me0 HO 

b) Selective Dealkylation of Aryl Ether 
Lithium iodide in presence of 2,4,6-collidine very efficiently cleaves an aryl ether whereas, 

an aliphatic methyl ether remains unaffected under this conditionP2 

OMe LiI, 2,4,6-collidine 
A, 10 hrs 

100% 

LiI, 2,4,6-collidine 

A, 1Ohrs 
* Noreaction Cl6H330h 

Selective demethylation of a methyl aryl ether in preference to a more highly substituted 
alkyl aryl ether is achieved with sodium in liquid amm0nia.6~ 

fJok Na/NH3 * aoNa 
OC3HrI -33" OC3HrI 

Hydrobromic acid (48%) in presence of a phase transfer catalyst readily dealkylates a 
methyl aryl ether without affecting an aryl aryl one present in the 

48% HBr - & y l - O O O H  
(n-Bu)4PBr 

loo", 2 - 11 hrs 81-98% 

A simple method for the selective demethylation of a methyl aryl ether in preference to an 
ethyl one is demonstrated using potassium fluoride on al~mina.6~ 

OEt OEt 

5 hrs, KF 210-215" I A1203 * @OH 

CH=CH-Me CHSH-Me 

60% 

c) Selective Dealkylation of Ally1 Ether 
Silicon tetrachloride - sodium iodide reagent system dealkylates an ally1 ether selectively in 

presence of a methyl aryl ether through a simple operation.% 
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DEALKYLATION OF ETHERS. A REVIEW 

SiC14/Nal ~ 4 
w, 12 hrs 

OCH2CWH2 OH 

55% 

Similar selective cleavage of ally1 ether in presence of methyl ether is also achieved with 
low valent titanium  reagent^!^ 

83% 

OCH2CHeCHz 

Tic13 - Mg - THF 
reflux, 1 hr 

OCHzPh 

%% 

6 
OCH2Ph 

A recent report demonstrates that allylic ethers are dealkylated selectively in preference to 
benzyl one present in the same molecule with N-bromosuccinimide and water.S3 

d) Selective Dealkylution ofBenzy1 Ether 
Benzyl ethers are dealkylated very efficiently and selectively in presence of a methyl ether 

by catalytic hydrogenation over palladium-charcoal in acidic dioxane-ethanol solvent!' 

\ / dioxane Pd - C - (10%) EtOH - HO$ HO 

M e o \  
m:$ bleo '  (acidic) 

!XI% 

The selective cleavage of aromatic benzyl ethers is also achieved with magnesium bromide 
involving neighboring group effecP. 
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RANU AND BHAR 

P h C H Z O d O - P h  MgBr2 . P h C H z O d O H  
H+ I H2O 

70% 

V. CONCLUSION 

This review attempts to focus the recent progress in dealkylation of ethers including a wide 
range of useful procedures. Selective dealkylation of one ether moiety in presence of other is also 
highlighted. General or typical experimental procedure is appended for ready reference of practicing 
synthetic organic chemists. Although the results presented in this review have not incorporated the 
applications to natural products or complex structures in details, these methods can certainly be 
applied to molecules having more complex structures. The present review is hoping to serve the need 
of synthetic organic chemistry community concerning dealkylation of ethers. 

Acknowledgements.- The authors sincerely thank Professors Pedro Cintas and Jose Luis Jirnhez of 
Departamento de W c a  Organica, Universidad de Extremadura, Badajoz, Spain for their valuable 
suggestions and help during preparation of the manuscript. Support from CSIR, New Delhi, India 
(Grant No. 01( 1364)/95) is gratefully acknowledged. 

REFERENCES 

t Present address: Department of Chemistry, Jadavpur University, Calcutta-700032, India. 

1. R. L. Burwell, Jr., Chem. Rev., 54,615 (1954). 

2. H. Meerwin, “Houben -Weyl- Muller: Methoden der Organischen Chemie”, Vol. 613, p. 143, 
Georg Thieme Verlag, Stuttgart, 1965,4th Edn. 

3. E. Staude and F. Patat, “The Chemistry of the Ether Linkage”, p. 21, S .  Patai, Ed., Wiley Inter- 
science, New York, 1967. 

4. M. V. Bhatt and S .  U. Kulkami, Synthesis, 249 (1983). 

5 .  A. Maercker, Angew. Chem. Znf. Ed. Engl., 26,972 (1987). 

6. M. Tiecco, Synthesis, 749 (1988). 

7. D. Landini, F. Montanari and F. Rolla, ibid., 771 (1W8). 

8. F. L. Benton and T. E. Dillon, J.  Am. Chem. SOC., 64,1128 (1942). 

9. J. F. W. McOmie and M. L. Watts, Chem. Id. (London), 1658 (1963). 

10. J. F. W. McOmie, M. L. Watts and D. E. West, Tetrahedron, 25,2289 (1969). 

406 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



DEALKYLATION OF ETHERS. A REVIEW 

11. T. Taub, N. N. Girotra, R. D. Hoffsommer, C. H. Kuo, H. L. Slates, S. Weber and N. L. Wender, 
ibid., 24,2443 (1968). 

12. I. Vlattas, I. T. Harrison, L. Tokes, J. H. Eried and A. D. Cross, J. Org. Chem., 33,4176 (1968). 

13. H. L. Wehrmeister and 0. E. Robertson, ibid., 33,4175 (1968). 

14. P. A. Grieco, K. Hiroi, J. J. Reap and J. A. Noguez, ibid., 40,1450 (1975). 

15. P.A. Grieco, J. A. Noguez and Y. Masaki, ibid., 42,495 (1977). 

16. P. A. Grieco, M. Nishizawa, T. Ogurai, S. D. Burke and N. Marinovic, J. Am. Chem. Soc., 99, 
5773 (1977). 

17. H. C. Brown and N. Ravindran, Znorg. Chem., 16,2938 (1977). 

18. P. G. Williard andC. B. Fryhle, Tetrahedron Lett., 21,3731 (1980). 

19. H. Niwa, T. Hida and K. Yamada, ibid., 22,4239 (1981). 

20. Y. Guindon, C. Yoakim and H. E. Morton, ibid., 24,2969 (1983). 

21. C. Narayana, S. Padmanabhan and G. W. Kabalka, ibid., 31,6977 (1990). 

22. B. Loubinoux, G. Coufert and G. Guillaumet, Synthesis, 638 (1980). 

23. G. I. Feutrill and R. N. Mirrington, Tetrahedron Lett., 11, 1327 (1970); Australian J. Chem., 25, 
1719,1731 (1972). 

24. K. Lal, S. Ghosh and R. G. Salomon, J. Org. Chem., 52,1072 (1987). 

25. J. A. Dodge, M. G. Stocksdale, K. J. Fahey and C. D. Jones, ibid., 60,739 (1995). 

26. R. Ahmad, J. M. Saa and M. P. Cava, ibid., 42, 1228 (1977). 

27. T. -L. Ho and G. A. Olah, Angew. Chem. Int. Ed. Engl., 15,774 (1976). 

28. T. -L. Ho and G. A. Olah, Synthesis, 417 (1977). 

29. M. E. Jung and M. A. Lyster, J. Org. Chem., 42,3761 (1977). 

30. M. E. Jung andT. A. Blumenkopf, Tetrahedron, 34,3657 (1978). 

31. M. E. Jung, M. A. Mazurek and R. M. Lin, Synthesis, 588 (198). 

32. G. A. Olah, S. C. Narang, G. B. Gupta and R. Malhotra, J. Org. Chem., 44,1247 (1979). 

33. J. C. Sharma, M. Borbaruah, D. N. Sarma, N. C. Barua and R. P. Sharma, Tetrahedron, 42,3999 

407 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



RANU AND BHAR 

(1986). 

34. C. R. Narayanan and K. N. Iyer, J. Org. Chem., 30,1734 (1965). 

35. S. Bhar and B. C. Ranu, ibid., 60,745 (1995). 

36. A. M. Bernard, M. R. Ghiani, P. P. Piras and A. Rivoldini, Synthesis, 287 (1989). 

37. U. Azzena, T. Denurra, G. Melloni and G. Rassu, Chem. Commun., 1549 (1987). 

38. U. Azzena, T. Denurra, E. Fenude, G. Melloni and G. Rassu, Synthesis, 28 (1989). 

39. U. Azzena, S. Cossu, T. Denurra, G. Melloni and A. M. Piroddi, Tetrahedron Lett., 30, 1689 
(1989). 

40. A. Banerji and S. K. Nayak, Chem. Commun., 1432 (1991). 

41. T. Nishiguchi and M. Bougauchi, J. Org. Chem., 54,3001 (1989); 55,5606 (1990). 

42. T. Nishiguchi and H. Okamoto, Chem. Commun., 1607 (1990). 

43. R. Rathore, E. Bosch and J. K. Kochi, J. Chem. Soc. Perkin Trans. 2, 1157 (1994). 

44. T. Akiyarna, H. Hirofuji and S. Ozaki, Tetrahedron Lett., 32,1321 (1991). 

45. D. Baudry, M. Ephritikhine and H. Felkin, Chem. Commun., 694 (1978). 

46. J. J. Oltvoort, C. A. A. vanBoecke1, J. H. D. Koning, J. H. vanBoom, Synthesis, 305 (1981). 

47. C. Lamberth and M. D. Bednarski, Tetrahedron Lett., 32,7369 (1991). 

48. B. Espanet, E. Dunach and J. Perichon, ibid., 33,2485 (1992). 

49. S. M. Kadam, S. K. Nayak and A. Banerji, ibid.., 33,5129 (1992). 

50. H. Ito, T. Taguchi and Y. Hanzawa, J. Org. Chem., 58,774 (1993). 

5 1. H. B. MereyaIa and S. Guntha, Tetrahedron Lett., 34,6929 (1993). 

52. R. Beugelmans, S. Bourdet, A. Bigot and J. Zhu, ibid., 35,4349 (1994). 

53. R. R. Dim, C. R. Melgarejo, M. T. P. L. -Espinosa and I. I. Cubero, J. Org. Chem., 59, 7928 
(1994). 

54. M. S. Congreve, E. C. Davison, M. A. M. Fuhey, A. B. Holmes, A. N. Payne, R. A. Robinson 
and S. E. Ward, Synlett, 663 (1992). 

55. I. P. -Bar and J. K. Stille, J. Org. Chem., 47,1215 (1982). 

408 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



DEALKYLATION OF ETHERS. A REVIEW 

56. A. O h ,  T. Harada and K. Eta, Tetrahedron Lett., 23,681 (1982). 

57. P. Mimero, C. Saluzzo and R. Amouroux, ibid., 35, 1553 (1994). 

58. J. W. Fitch, W. G. Payne and D. Westmoreland, J. Org. Chem., 48,751 (1983). 

59. M. Node, T. Kajimoto, K. Nishide, E. Fujita and K. Fuji, Tetrahedron Lett., 25,219 (1984). 

60. R. Amouroux, M. Jatczak and M. Chastrette, Bull. SOC. Chim. France, 505 (1987). 

61. M. Node, K. Ohta, T. Kajimoto, K. Nishide, E. Fujita and K. Fuji, Ckm.  Phurm. Bull. Jpn., 31, 
9178 (1983). 

62. I. T. Harrison, Chem. Commun., 616 (1%9). 

63. A. J. Birch, Quarf. Rev., 4,69 (1950). 

64. K. Hwang and S. Park, Synrh. Commun., 23,2845 (1993). 

65. A. S. Radhakrishna, K. R. K. Prasad Rao, S. K. Suri, K. Sivaprakash and B. B. Singh, ibid., 21, 
379 (1991). 

66. M. V. Bhatt and S. S. E.-Morey, Synthesis, 1048 (1982). 

67. L. Castedo, J. M. Saa, R. Suau and G. Tojo, Tetrahedron Len., 24,5419 (1983). 

68. J. E. Baldwin and G. G. Haraldsson, Acra. Chem. Scad. B, 40,400 (1986). 

(Received November 21,1995; in revised form February 23,1996) 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
2
4
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1


