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A VERSATILE SYNTHESTS OF FUNCTIONALIZED THIOLS 
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Summary: The reaction of trimer 6 and an alkyl lithium afforded thiolate 7 which reacted with 
primary halides to produce silyl thioethers in good to excellent yields, The silyl thiocthers could be 
hydrolyzed to the thiols using HF in acetonitrile. 

The preparation of thiols is often plagued by a number of competing side reactions such as 

disulfide formation, thioether formation and oxidation of the thiol.1~ These side reactions can 

significantly attenuate the yield of thiol, particularly when oxygen is not excluded from the reaction. 

We recently required a reliable preparation of highly functionalized thiols. While there were a few 

often-cited synthetic methodfi for the gcncrntinn of simple thiols, these methods failed to provide 

acceptable yields of the thiol 1. For example, the allylic thioester 2 could 

Mel) Me0 

1: X=SH 
2: X=SAc 
3: X=Br 
8: X = SSiMes 

10: x = ssiMc&Bu 

4: X=Br 5 
9: X = S&Me3 

11: X = SSiMe$Bu 

readily be prepared using KSAc; however, the hydroIysis of 2 under acidic or mildly basic conditions 

(NaCN, M&H 25°C) afforded several products.” Direct reaction of bromide 3 with NaSH also 

generated several producls.3 Additionally, the reaction of the bromide 4 with KSAc and then KOH or 

HCl produced thiolactone 6. We, therefore, examined the little-studied trimer 64 as a general 

precursor to silyl thiolates 7, which we expected to be excellent nucleophiles in anhydrous media. 
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The reaction of methyl lithium with 6 in ether rapidly and cleanly generated thiolate 7a which 

reacted with bromide 3 to produce 0. Unexpectedly, the reaction of bromide 4 with 7a provided 5 

instead of 9 as the major product. Because of this result and the ease by which thioether 8 

decomposed upon attemptid distillation or chromatography, we prepared thiolate 7b by reaction of 6 

with tert-butyl lithium. As expected, thiolate 7b reacted eficiently with bromides 3 and 4 to afford, 

after Florisil chromatography, thioethers 10 and 11 in 99% and 92% yields, respectively. The 

reactions of thiolates 7a and 7b are collated in Table 1. The reactions in Table 1 demonstrak the 

Table 1. The Reactions of Thiolates with Alkyl Halides 

RX + Me&SiST,i 3 RS-SiRMc~ 

RX thiolate T PC) time 

6 hrs 

6 hrs 

solvent % yield 

Br 

Me0 

TBsSLi 

TMSSLi 

o-+25 

O-25 

0425 

0+25 

O-+25 

0” 

25-40 

2540 

o-+25 

EW 

THF 

92 

mostly 6 

Br 

COzEt 

-Br 

Br 

/k 

TBSSLi 

TBSSLi 

TBSSLi 

TMSST,i 

TBSsLi 

TBSSLi 

TMSSLi 

20 hrs Et20 

48 hrs EkK’ 

2 hrs EtzC 

5 min. 

168 hrs 

168 hrs 

THF 

Et20 

Et& 

48 hrs El20 

TMSSLi 0425 24 hrs THE 

83 

75a 

9B 

- 

79 

- 

W95 

85b 

*Some sulfide and/or disulfide formed, decreasing the yield. 

bThe product was a 3: 1:l mixture of sibyl thioether:sulfide:disulfide. 



compatibility of unsaturated esters, ethers and alkenes with the reaction conditions. A 

representative reaction was conducted as follows: to a solution of hexamethyl cyclotrisilatbiane (1 eq) 

in ether at 0°C under an argon atmosphere was added dropwise Bert-butyl lithium (3 cq). The 

resulting light yellow solution was allowed to warm to 25°C over 1.5 h. The colorless solution was 

then cooled to 0°C and the halide (0.90 eq) was added. The solution was then warmed to the 

temperature shown in Table 1 for the time indicated in Table 1. The reaction was worked up by 

addition of three volumes of hexane, filtration through Celitc and concentration in vacua, The 

resulting silyl t&ether was purified by chromat.ography5. 

We were also able to generate alkoxide 12a by the reaction of trimer 13 with tort-butyl lithium. 

‘Ibis alkoxide reacted with bromide 4 to produce silyI ether 14 in 100% yield. The reactions of alkoxide 

12b with esters had previously been reported.” 

Me, ,Me 

,Si, 

P 7 + RLi __f RMezSiOLi 
Me$i lo/ SiMez 

13 12a: R =tBu 
12b: R = Me 

Hydrolysis of the silyl tbioethcrs 10 using mild acid (THF, HzO, HOAc) or base (KzCO3. MeOH) 

gave low yields of the desired thiol. Fortunately, hydrolysis using the reaction conditions developed 

by Newton and Roberts7 for the hydrolysis of TT3S ethers of alcohols afforded thiol 1 in excellent yield 

as the only isolated product. For simple silyl thioethers, such as PhCHZSSit-BuMez, the mild acid 

conditions arc very effective. 

10 HF 1 
M&N 

Trimer 6 reacts rapidly with alkyl lithium reagents. However, the vinyl thiolate could not be 

prepared from the reaction of 6 with vinyl magnesium bromide. The reactions of trimer 6 with other 

Grignard reagents were also complicated. 

In summary, the roar&ions of organolithium reagents with trimcr 6 provides a convenient and 

high-yield preparation of silyl tbiolates. These reagents react with functionalized halides to generate 

silyl suIfides in high yield. The corresponding tbiols can be produced by reaction of the silyl sulfides 

with HF in acetonitrile. This method has the advantage of introducing a protected thiol directly into 

a complex molecule, thus avoiding undesired intermolecular or intramoIecular cyclization 

reactions. 
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