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New Conversion of Esters to Ethers and Its 
Application to the Preparation of Furano-18-crown-6 

Summary: Thionoesters which are readily prepared from 
esters can be desulfurized with Raney nickel to form the 
corresponding ethers. This new synthetic pathway to 
convert esters to ethers avoids many of the steric and 
functional limitations of known methods and appears to 
be a general method for this conversion. 

Sir: For the past several years we have been interested 
in the reduction of the carbonyl function of esters as a 
synthetic pathway to form ethers. This reduction would 
permit the preparation of a variety of known and unknown 
crown ethers from the corresponding crown ether-diester 
analogues whose preparation is frequently much easier to 
achieve.lg Pettit and his co-workers have used a variety 
of borohydride reagents (all of which lead to the formation 
of diborane in situ) to reduce some hindered esters to form 
 ether^.^,^ Tsurugi and his co-workers found that tri- 
chlorosilane in the presence of ultraviolet radiation reduced 
esters of primary and secondary alcohols to the corre- 
sponding The application of these methods to 
the reduction of crown ether-diester compounds to form 
the crown ethers was unsuccessful.* A recent report of 
the high-yield conversion of esters to thionoestersQ has 
prompted us to investigate the thionation and desulfuri- 
zation of a variety of simple esters as an alternate pathway 
to convert esters to ethers. Using this procedure, we have 
also reduced a furano crown ether-diester compound to 
the furano crown ether. 

Thionation of the esters was performed according to the 
recently reported method of Pedersen and co-workersQ by 
using 2,4-bis(4-methoxyphenyl)-l,3,2,4-dithiadiphosphe- 
tane 2,4-disulfide (1) which was readily prepared from 

n 

phosphorus pentasulfide and anisole.1° Desulfurization 
was carried out over Raney nickel a t  -10 to -30 "C in a 
suitable aprotic solvent. Aqueous solvents gave only 
benzaldehyde in the desulfurization of ethyl thiono- 
benzoate while in ethanol, benzaldehyde diethyl acetal was 
the major product. The conversion of methyl benzoate to 
methyl benzyl ether is given below. 

A mixture of 0.5 g (0.037 mol) of methyl benzoate, 2.0 
g of 1, and 4 mL of anhydrous xylene was refluxed in a 
nitrogen atmosphere until a TLC analysis showed that the 
ester had reacted (nearly 24 h). The orange material was 
mixed with 2-3 g of silica gel, and the xylene was removed 
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Table I. Preparation of Ethers from Esters by 
Thionation-Desulfurization 

ester (RC(o)oR) thionation % ether 
R R time, h (RCH,OR')' 

Ph Me 24 63  
Ph Et 25 59 
Ph i-Pr 25 69  
Ph t-Bu C 
Ph Ph 24 34 
p-N0,Ph Me C 
p-MeOPh Me 4 .5  66 
Ph CH, CH,OCH, C 
t-Bu Et 8 d  66 
2-thienyl Et 1 e 
2-furanyl Me 1 .5  37 
2-pyridyl Me C 
diglycolyl Et f 5 
Yield determined by multiple VPC analyses of  the de- 

sulfurized reaction mixture by using an internal standard. 
Yields are based on the amount of  starting ester and there- 
fore correspond t o  the overall conversion of ester t o  ether. 
Products were collected from the chromatograph and 
characterized by comparison of IR, NMR, or mass spectral 
properties to  reported values. 
ed by distillation of  a preparative-scale reaction. The 
forerun and pot contained an additional 6% and 5%, res- 
pectively, as determined by VPC analysis. No thiono- 
ester was isolated. 
Teflon-lined bomb with benzene solvent at 155  "C. 
e Ethyl pentyl ether was obtained as the major product. 
f Thionation was performed in toluene for 7 h. A poor 
yield was observed due t o  polymerization of the thio- 
nating reagent. 

A 33% yield was obtain- 

Thionation was carried out in a 

by evaporation. The adsorbed silica gel was then added 
to a column of about 40 g of silica gel, and the column was 
eluted with hexane. When the orange thionoester band 
started to elute, the solvent was changed to ether/hexane 
(2:98). After the solvent was removed from the orange 
eluant, 5 mL of ether was added, and the ether solution 
was dried over molecular sieves for at least 1 h. 

About 10 g of wet Raney nickel was placed in a cen- 
trifuge tube and then washed 10 times with anhydrous 
ethanol followed by 10 washes with anhydrous ether. The 
Raney nickel was then stored under 5 mL of anhydrous 
ether, and the mixture was dried with molecular sieves for 
at least 1 h. The thionoester-ether solution and the h e y  
nickel-ether mixture were each cooled to -15 "C and then 
mixed together. The resulting mixture was shaken while 
the temperature was kept below about -10 "C until the 
orange color disappeared (about 3 min). At  high tem- 
peratures, the methyl benzyl ether product is reduced to 
toluene. The mixture was then centrifuged and decanted. 
The Raney nickel was washed with five portions of an- 
hydrous ether. Caution: the Raney nickel must be kept 
under solvent at all times since it becomes pyrophoric when 
exposed to air. The combined ether solutions were evap- 
orated to a 5-mL volume and analyzed by gas chroma- 
tography using an internal standard. The results for a 
number of reductions are shown in Table I. The IR and 
NMR spectra of the isolated methyl benzyl ether were 
identical with those of an authentic sample. 

Table I shows that unlike Pettit's borohydride proce- 
dure: the thionation-desulfuriation method allows esters 
of primary and secondary alcohols to be reduced in good 
yields (-60-70%). This method is also superior to Tsu- 
rugi's photochemical reduction7 in that aromatic substrates 
are also reduced in good yields. 

The limiting step of this procedure appears to be the 
thionation reaction. tert-Butyl benzoate failed to undergo 
thionation due to either steric hindrance or an acid-cata- 
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lyzed decomposition of the ester. Compounds with elec- 
tron-withdrawing substituents conjugated to the ester 
carbonyl failed to react (cf. methyl p-nitrobenzoate, methyl 
picolinate), while conjugated electron-donating groups 
increased the rate of the reaction (cf. methyl p-methoxy- 
benzoate, methyl furoate). In keeping with the known 
electrophilic reactions of the phosphorous atoms in related 
systems,11J2 we have interpreted these results as being 
indicative of a mechanism involving nucleophilic attack 
by the carbonyl oxygen on the phosphorus of the thion- 
ating reagent. We have also observed that esters con- 
taining ether functionality are difficult to thionate (cf. 
diethyl diglycolate, P-methoxyethyl benzoate). We believe 
this is caused by competition between the carbonyl oxygen 
and the more basic ether oxygen for the electrophilic 
phosphorous. In agreement with this observation, the 
simple crown ether-diester 2 failed to undergo thionation. 
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However, the more reactive furan0 crown ether-diester 3 
was thionated in a good yield (83%) to give dithiono crown 
ether 4, a yellow solid, mp 125-126 OC.13 Compound 4 
was desulfurized in a poor yield (15%) to give furano-18- 
crown-6 (5) a known ~0mpound.l~ Compound 4 is the first 
of a new series of crown compounds containing the 
thionoester function. Thiono crown compounds may be 
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interesting complexing agents themselves as well as in- 
termediates in the preparation of crown ethers. 

This procedure for reducing esters to ethers appears to 
be the moat general method available to date. Future work 
will include a more detailed investigation of the scope of 
this reduction. We also plan to prepare more thiono crown 
compounds in order to evaluate their complexation prop- 
erties as well as to study their desulfurization to form the 
corresponding crown ethers. 
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