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COMMUNICATION 

REDUCTION OF THIONOESTERS TO ETHERS BY TRIORGANOTIN HYDRIDES 

COLIN SMITH, LINDA M. TUNSTAD and CARLOS G. GUTIERREZ* 
Department of Chemistry and Biochemistry California State University, Los 

Angeles, California 90032 
(Received January 28, 1988) 

Esters 1 are efficiently deoxygenated to the corresponding ethers 3 in two steps by first conversion to 
the thionoesters 2 and subsequent reduction of these by triorganotin hydrides. 

Esters are readily converted to thionoesters by a variety of recently reported 
 method^.'.^.^ Our continuing interest in desulfurization of organosulfur com- 
pounds by organotin h y d r i d e ~ ~ , ~ , ~  prompted the present study, and we now report 
that thionoesters 2 are reduced to the corresponding ethers 3' in high yield by two 
equivalents of tri-n-butyltin hydride (TBTH). This represents the overall deoxy- 
genation of simple esters 1 to ethers 3 (equation 1).8 

/ 3 

R ~ H  + R'C(=O)SSnBu, (3) 

A set of esters 1, where R' and R2 included primary, secondary, and aryl 
groups, was reacted with Lawesson's reagent [ (4-methoxypheny1)thioxophosphine 
sulfide]' to produce the corresponding thionoesters 2. These were subsequently 
reduced with two equivalents of TBTH to the ethers 3, as summarized in the 
Table. 

The preparation of thionoesters 2 was initially accomplished by reacting 6 mmol 
of esters 1 with 10mmol Lawesson's reagent in 4ml of refluxing xylene. The 
progress of the thionation reactions (10-17 hrs) was monitored by 'H NMR (for 
example, in xylene, the OCH, singlet in methyl benzoate l a  appears at 3.0 ppm, 
while the OCH, in thionoester 2a resonates at 3.3 ppm relative to external TMS) 
andfor thin layer chromatography. The products were isolated by passing the 
reaction mixture through a short column of silica gel to give 2 and an 
accompanying 5-10% of the dithio esters 5. These over-thiated products 
apparently resulted from a rearrangement of 2 to thiolo ester 4,9,'' which was 
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TABLE 
Conversion of esters to thionoesters and their subsequent reduction with TBTH 

to ethers 

Ester 1 Thiono Ester 2 Ether 3 
Entry R1 RZ Entry Yield Entry Yield 

2a 90 3a 85 
79 3b 82 

l a  Ph CH3 

IC CH3 Ph 2c 96 3c 87 
Id CH3 c-C~H,, 2d 87 3d 80 

lf 2-fury1 CH3 2f 93 3f 0 

l b  Ph CH2CH, 2b 

l e  n-Ci3HZ7 X,H, 2e 82 3e 92 

then thionated by Lawesson’s reagent to the dithio ester 5, (Equation 2). The 
production of 5 appears to be concentration dependent: neat reaction of methyl 
benzoate (la) with Lawesson’s reagent resulted in a mixture consisting of equal 
parts unreacted l a  (OCH3 singlet at d = 3.7 ppm in CC14), 0-methyl thionoben- 
zoate 2a (OCH3 singlet at d = 4.15 ppm; CsHsOS mlz = 152), and thiomethyl 
thionobenzoate (SCH3 singlet at d = 2.7 ppm; CsH6S2 m / z  = 168). On the other 
hand, the use of 20ml of xylene solvent in the thionation step eliminated the 
production of over-thiated material 5. The yields reported in the Table for 
compounds 2 are for reactions run under these more dilute conditions. Attempted 
thionation of dimethyl malonate resulted in formation of intractible material. 

The reduction of thionoesters 2 with 2.1 equivalents of TBTH was done in 
benzene solvent, with azobisisobutyronitrile (AIBN) as Progress of 
the reduction was conveniently monitored by NMR: the loss of the tributyltin 
hydride Sn-H resonance at 4.5ppm (in benzene) and of the thionoester 0-alkyl 
signal and the appearance of product ether signals. The Table lists NMR yields 
for product ethers 3, using diphenylmethane as internal standard. Isolation of the 
products was achieved either by careful chromatography on silica gel or by 
distillation. The identity of the product ethers 3 was established by comparison 
with authentic samples which were either obtained commercially or were 
prepared by alkylation of the appropriate alkoxide with an alkyl halide. The 
TBTH reduction of 2-fury1 derivative 2f did not yield the desired ether, but 
rather unknown products which were not characterized. 

The reaction of TBTH with cyclic thionocarbonates to produce 1,3-heterocycles 
has been reported.” More pertinent to the present work, the reduction of 
thionoesters by organotin hydrides has been previously described by Barton12 
and others13 as a procedure for the deoxygenation of alcohols to hydrocarbons 
(Equation 3). Consonant with that synthetic goal, R1 groups were purposefully 
selected by those workers as to bias thionoesters 2 towards homolysis of the 
0-R2 bond. Thionoesters in these cases included thiocarbonyl imidazolides, 
xanthate esters, and thionobenzoate esters. It is noteworthy that thionobenzoate 
esters 2a and 2b, in our hands, did not undergo fragmentation of the 0-R2 
bond, but rather desulfurization via Equation (1). The differences in reaction 
conditions may account for the different pathways taken. Where alcohol 
deoxygenation was desired, the investigators reacted the thionobenzoates at 
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xylene or toluene reflux with low concentrations of organotin hydride (added 
slowly over a 2h  period). We produced benzyl alkyl ether 3a (or 3b) by the 
simultaneous mixing of thionobenzoate 2a (or 2b) and two equivalents of TBTH 
at benzene reflux. 

A report3 on the thionation of esters by bis(tricyclohexy1tin) sulfide and BC13 
suggested to us an attractive procedure wherein organotin compounds can be 
used for both the thionation and reduction processes, and furthermore that these 
organotin reagents may be recycled. We’ produced methyl thionobenzoate (2a) in 
70% yield from the reaction of bis(tricyclohexy1tin) sulfide/BC13 with methyl 
benzoate (la). Tricyclohexyltin chloride precipitated in the reaction mixture and 
was isolated in 85% yeild. Reduction of 2a with tricyclohexyltin hydride 
(prepared from tricyclohexyltin chloride and lithium tetrahydroaluminate) prod- 
uced benzyl methyl ether (3a) in 72% yield after Kugelrohr distillation from the 
non-volatile bis(tricyclohexy1tin) sulfide byproduct. The organotin species in this 
process is recycled: the bis(tricyclohexy1tin) sulfide is converted, in the thionation 
step, to tricyclohexyltin chloride. This in turn becomes the starting material for 
making the tricyclohexyltin hydride required for the reduction step. The 
organotin product of the last step is bis(tricyclohexy1tin) sulfide. 
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