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Selenium showed excellent catalytic activity for carbonothiolation of 
alcohols with carbon monoxide and sulfur under mild conditions. S-Alkyl 
carbonothioates were synthesized in good yields from various alcohols, carbon 
monoxide, elemental,sulfur, and alkyl halides in the presence of selenium- 
catalyst. 

During our continuing study on carbonylation with carbon monoxide, we 

recently found a novel catalysis of selenium, in which S-alkyl carbamothioates 

were produced from amines, carbon monoxide, sulfur, and alkyl halides in the 

presence of catalytic amount of selenium at room temperature under atmospheric 

pressure.' Our interest was focused on the further application of this novel 

catalysis of selenium to the other reactions. Then, we examined the selenium 

catalyzed reaction of alcohol with carbon monoxide and sulfur to generate S- 

alkyl carbonothioates 1. 

At first, we attempted to elucidate whether the selenium-sulfur exchange 

reaction between salt of carbonoselenoic acid 2 and elemental sulfur takes 

place smoothly or not. Because this exchange is considered to be a key step 

of our new catalytic reaction. Potassium salt of 0-methylcarbonoselenoic acid 

(2'1, prepared from methanol, carbon monoxide, and elemental selenium in the 

presence of potassium carbonate,2 was allowed to react with elemental sulfur 

at 25 'C for 18 h, and it was confirmed that corresponding potassium salt of 

0-methylcarbonothioic acid (3') was easily produced by the selenium-sulfur ex- 

change accompanying deposition of selenium. Esterification of the salt (3') 

with benzyl bromide gave S-benzyl 0-methylcarbonothioate (la) in 92% yield, as 

shown in eq. 1. Recovery of elemental selenium suggests that the formation of 

salt of carbonothioates 3 from alcohols, carbon monoxide, and sulfur may be 

catalyzed by a catalytic amount of selenium. 

0 0 

K+[RO!Se]- + S 25 '=C, 18 h rK+[RO!!S]- + Se 

PhCH2Br 
: 

*ROCSCH2Ph (1) 

2' 3' la R:Me, 92% lb R:Et, 93% 
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Coupled this selenium-sulfur exchange reaction with selenium-catalyzed 

carbonylation of alcohols with carbon monoxide, 3 a new method for synthesis of 

1 using catalytic amount of selenium has been established, in which carbono- 

thiolation of alcohols with carbon monoxide and sulfur under mild conditions 

was performed to give 3. Esterification of resulting salts 3 gave S-alkyl 

carbonothioates 

ROH + CO + 

(1) in good yields (eq. 2).4 

0 
ii 

S cat. Se, base L [base.H]+[RO!S]- R'X wROCSR' (2) 

3 1 

The typical procedure is as follows: methanol (4.1 mL, 100 mmol), elemen- 

tal sulfur (0.32 g, 10 mmol), metallic selenium (8 mg, 0.1 mmol), triethyl- 

amine (7.0 mL, 50 mmol), and THF (20 mL) were placed in a 100 mL stainless 

steel autoclave with a magnetic stirring bar. The apparatus was then flushed 

with carbon monoxide several times, and finally charged with carbon monoxide 

at 10 kgfcm2, and was maintained at 60 'C for 1 h with stirring. After carbon 

monoxide was purged, a small portion of sulfur (32 mg, 1 mmol) was added into 

the resulting solution of 3a under nitrogen atmosphere with stirring at 25 'C 

to complete the deposition of selenium.7 Then, benzyl bromide (1.3 mL, 11 

mmol) was added dropwise at 0 "C, and the solution was kept at 25 'C for a few 

hours. S-Benzyl 0-methylcarbonothioate (la)8 was given by distillation in 69% 

yield (1.26 g). 

S-Alkyl carbonothioates (la-j) were prepared from alcohols, carbon 

monoxide, elemental sulfur, and alkyl halides by the similar procedure using 

selenium-catalyst (1 mol%) as shown in Table 1. It was observed that addition 

of a small amount (1 mol%) of selenium accelerated extremely the carbonothio- 

lation of alcohols in which simultaneous incorporation of carbon monoxide and 

sulfur took place. It is quite noteworthy that S-alkyl carbonothioates 1 were 

not obtained in the absence of selenium catalyst. 

The path of present selenium-catalyzed reaction is postulated as follows 

(Scheme 1). The salt of carbonoselenoic acid 2 is initially formed from 

alcohol, carbon monoxide, and selenium. Then, carbon oxide selenide (4), 

which is in equilibrium with 2, reacts with sulfur to afford thermodynamically 

stable carbon oxide sulfide (5). Subsequent reaction of 5 with alcohol gives 

the salt of carbonothioic acid 2.gP10 

From a viewpoint of simple operation, mild reaction conditions, good 

yields, and high purities of products, the present reaction provides with a 

useful method for synthesis of S-alkyl carbonothioates 1 from alcohols, carbon 

monoxide, sulfur, and alkyl halides using selenium-catalyst. 
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Table 1. Synthesis of S-Alkyl Carbonothioates (la-j) 

alcohol alkyl halide product yield, %a 

MeOH PhCH2Br MeOC (O)SCH2Ph 

EtOH PhCH2Br EtOC (O)SCH2Ph 

EtOH n-BuI 

EtOH CH2=CHCH2Br 

n-PrOH PhCH2Br 

EtOC(O)SBu-n lc 

EtOC(O)SCH2CH=CH2 Id 

n-PrOC(O)SCH2Ph le 

n-BuOH PhCH2Br n-BuOC(O)SCH2Ph 

o- 
OH PhCH2Br 

0 
OC(O)SCH2Ph 

CH30CH2CH20H PhCH2Br CH30CH2CH20C(0)SCH2Ph 

CH2=CHCH2OH PhCH2Br 

t-BuOH PhCH2Br t-BuOC(O)SCH2Ph 

la 69 

lb 61 

Ob 

73C 

33 

46 

60d 
ob,d 

If 6Sd 

lg 62 

lh 71 

li 61 

lj 0 

a Isolated yield based on sulfur used. b Without selenium-catalyst. 

c 10 mol% of selenium was used. d Reaction time : 1.5 h. 

Scheme 1. A Possible Reaction Path 

ROH + CO + Se base - Ibase~Hl+[RO!Sel_ 

2 

fl 
[base.Hl+[ROCSe]-, - ROH + Se=C=O + base 

2 4 
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Se=C=O + S -c S-C=0 + Se 

4 5 

base 8 
ROH + s=c=o * * [base.Ii]+[ROCS]- 

5 3 
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