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Abstract: Treatment of 2-(trimethylsilyl)ethyl sulfides with a carboxylic acid chloride and AgBF4 in CH2C12 furnishes the 

corresponding thioesters in high yields and purities. The conversion of 2-(trimethylsilyl)ethyl sulfides into synthetically 

versatile thioesters allows such sulfides to be used as sulfhydryl protective groups, since such sulfides are easily prepared and 

are stable towards many reaction conditions encountered in organic syntheses. © 1999 Elsevier Science Ltd. All rights reserved. 

Numerous reagents exists for nucleophilic introduction of sulfhydryl moieties into electrophilic substrates 

(e.g. alkyl halides and c~,[3-unsaturated carbonyl compounds). However, a majority of these reagents yield either 

an unprotected thiol (e.g. with thiophosphate, 1 sulfhydride, 2 sulfide, 3 and hydrogen sulfide 4 as nucleophiles) or 

a thiol carrying less stable protective groups (e.g. thioacetates, thiocyanates, Bunte salts, S-alkyl thiouronium 

salts4). In our laboratory arose the need for a sulfur nucleophile, which gave stable protected thiols upon reaction 

with electrophiles. Our attention turned to 2-(trimethylsilyl)ethane thiol, which gives 2-(trimethylsilyl)ethyl 

sulfides in high yields in reactions with electrophiles. 5 However, the stability of 2-(trimethylsilyl)ethyl sulfides 

has hitherto somewhat limited their use as sulfhydryl protective groups. They do, for example, not undergo 

fluoride ion-mediated cleavage. 5 A two-step method for cleavage of 2-(trimethylsilyl)ethyl sulfides to thiols has 

been reported, 5 which involved conversion of the 2-(trimethylsilyl)ethyl sulfides to disulfides using 

(methylthio)dimethylsulfonium tetrafluoroborate and dimethyl disulfide. Subsequent reduction of disulfides 

furnished unprotected thiols. 

We wish to report an alternative method for the cleavage of 2-(trimethylsilyl)ethyl sulfides and l-thio- 

glycosides; treatment with carboxylic acid chlorides in the presence of silver tetrafluoroborate as promoter gives 

the corresponding thioesters in high yields (table 1). Other promoters (TMSOTf, BF3'Et20, or AgOTf) may be 

used, but silver tetrafluoroborate proved to be the most general and mildest promoter and gave the highest yields. 

Reactions were complete within 2-25 min and the crude thioesters were in most cases sufficiently pure (>90%) to 

be used directly in the next reaction step without the need for chromatographic purification. However, in a few 

cases with substrates carrying more acid-sensitive functionalities, the method was less successful in providing 

thioester products; itwo of the initially formed, less stable, anomeric S-acetate products (table 1, entries 6 and 7) 

were further slowly converted into the corresponding O-acetates or glycals and iiisopropylidene acetals were 

acetolysed (table 1, entry 13) under the reaction conditions. 2-(Trimethylsilyl)ethyl glycosides have been reported 
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Table 1. Conversion of 2-(trirnethylsilyl)ethyl sulfides into thioesters. 

Entry Substrate a Conditions b Product c Yield 

1 ~ S ~  SiMe, A ~ sac 93% 
B 94% 

2 & s~. .  SiMea (ref. 14) A & Sac quant. 

3 ~ '''~S'~SiMe:~ (ref 5) A O ' ' ' ~ ' s a c  quant. 
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OAc 

AcO OAc OAc 
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AcO AcO' - t ' "~ " "~¢"~7~ SiMea 
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AcO 9 A~O~',,,O~ O ~  S ~ SiMe3 

OAc 

OAc 

10 AACOcO"-~--,"~ O ~  S ~  SiMe:~ 

OAc 

.~ OAc 
AcO 

I 1 XOeO~oAc 0 ~ S ~ SiMe, 

12 

55% 0 

<5% 

c OAc 81% d 
AcAOco---~ sac <20% e 

oAc 64%0 
ACO OAc 35%d,f 

AcO ~ . . ~  SAc 
OAc <5% d'g 

AC? ~ OAcCOOMe 
A ~ " ~  SAc <5%0, h 

OAc 

AcO ~ OAc OAc 

A AcoEae.,_o-   ? _ 85%° 
D Aco A c O ~  ~ c  71%d 

OAc 
OAc 

A Aeo---~-x- o 99% 0 
C AcO~ o OAc SAc 99%d 

g. OAc 
E AcO~ q o 

AcO--~,..."~x-- 0 . . . / .  s.X.w~ 95% 0 
OAc 

OAc 

F A AC°co-- ~ 65%d 
OAc O~/~" SBz 

f-- OAc 
AcO -'-t-&-- 0 

G AcO-X~OAoAcO ~ s_F~LL~ 68%d 
O 

A o <5%d,i 

4 o . ~  S~/'- SiMea (ref. 5) A o ~  sac 
C 

OAc A 
5 AeO--~-q- ~ (ref 14) B 

A e O ~  ~ . . ~  SiMe3 
OAc D 

AcO OAc 
A 6 A c O - ~ . . ~  S ~ / ~  SiMea B 

13 

c OAc 
AcO 0 

A ) c O ~  O . ~  ~ ~ SiMe~ 
OAc 

aSubstrate preparation entry 1; octyl bromide, Me3SiCH2CH2SH , Cs2CO3, DMF (93%), entry 6; 2,3,4,6-tetra-O-acetyl-1-thio-~D- 
galactopyranosyl bromide, Me3SiCH2CH2SH , Nail, DMF (78%), entry 7; methyl (5-acetamido-4,7,8,9-tetra-O-acetyl-3,5-dideoxy-D- 
glycero-~-D-galaeto-2-nonulopyranosyl chloride)onate, 6 Me3SiCH2CH2SH, NaOEt, EtOH (63%), entry 8; lactose octaacetate, 
Me3SiCH2CH2SH, BF3"Et20, CH2C12 (90%), entry 9; 2-bromoethyl 2,3,4,6-tetra-O-acetyl-l-thio-~D-glucopyranoside, 7 
Me3SiCH2CH2SH, Cs2CO3, DMF (81%), entry 13; 1,2:3,4-di-O-isopropylidene-6-O-trifluoromethanesulfonyl.D_galactopyranose 8 

Me3SiCH2CH2SH, Cs2CO3, DMF (89%). bA; AcCI, AgBF4, CH2CI 2, 2-25 min. B; Ac20, BF3.Et20, CH2C12, 18 min 9. C; 
AcCI, TMSOTf, CH2CI2, 7 min. D; AcCI, AgOTf, CH2CI 2, 3-7 min. E; Propionyl chloride, AgBF4, CH2CI2, 25 rain. F; 
Benzoyl chloride, AgBF4, CH2C12, 15 min. G; 1-Adamantanecarbonyl chloride, AgBF4, CH2CI2, 60 min. CAll new compounds had 
satisfactory IH-NMR-spectra and HRMS-speetra. dyieid after column chromatography (SiO2, heptane/EtOAc), e 1H_NM R showed a 
mixture of substrate, product, ~ 1-O-acetate, and (x- 1-O-acetate in a ratio of 20:10:4:1 after 22h reaction time. fThe product was not 
stable under the reaction conditions, but was further converted to the corresponding 1-O-acetate. gThe corresponding 1-O-acetate was 
the major product, hThe product was not stable under the reaction conditions, but was further converted to the corresponding 2,3- 
glycal, iThe isopropylidene acetals were acetolysed under the reaction conditions. 
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Table 2. Stability of 2-(trimethylsilyl)ethyl 2,3,4,6-tetra-O-acetyl-1-thio-l~-D-glycopyranosides toward various 

reagent combinations. 

Lewis acids: Acylafi0n: 

A1C13(EtOH/CH2C12 a +c Ac20/pyridine a + 

HgBr2/MeCN b + De-silvlation: 

BF3"Et20/CH2C12 a + Bu4NF/THF b + 

SnC14/CH2C12 b + Bu4NF/MeCN b + 

ZnCI2/MeCN b + Bu4NF/CH2C12 b + 

BF3"Et20/MeCN a +/- LiBF4/MeCN b + 

TFA/CH2C12 a +/- Acetal hydrolysis: 

NIS/TMSOTfa - HOAc/H20 b + 

MeSBr/AgOTfa - TFA/H2Oa, d + 

Br2/CH2C12 b Trichlor0acetimidate synthesis: 

Transesterfication: CH2CI2/DBU/C13CCN a + 

NaOMe/MeOH a + 

aReactions were analysed with TLC and 1H-NMR. bReactions were analysed with TLC. CStability is indicated by +, reaction is 

indicated by -, and slow reaction is indicated by +/-. dConditions were successfully employed for the hydrolysis of isopropylidene 

acetals of 1,2:3,4-di-O-isopropylidene-6-S-[2-(trimethylsilyl)ethyl]-D-galactopyranose (table 1, entry 13). 

to undergo clean acetolysis upon treatment with BF3-Et20/Ac209 and this reagent combination was compared 

with AcC1/AgBF4 for the acetolysis of 2-(trimethylsilyl)ethyl sulfides. The BF3.Et20/Ac20 reagent nicely 

cleaved simple 2-(trimethylsilyl)ethyl sulfides (table l,  entry 1), while an interfering formation of the 

corresponding 1-O-acetates occurred in case of 2-(trimethylsilyl)ethyl l-thio-glycosides (table l,  entries 5 and 6). 

Conversions of 2-(trimethylsilyl)ethyl sulfides into thioesters are particularly useful, since thioesters are 

readily transformed into thiols 10 or cleaved and alkylated in one-pot by treatment with an alkylating reagent in the 

presence of diethylamine or piperidine. 11,12 Additional attractive features of the present method are that the 

unpleasant odours associated with the earlier reported conditions for cleavage of 2-(trimethylsilyl)ethyl sulfides 5 

[(methylthio)dimethylsulfonium tetrafluoroborate and dimethyl disulfide] are avoided and that different thioesters 

may be prepared from one 2-(trimethylsilyl)ethyl sulfide (table 1, entries 9-12) using commercially available acid 

chlorides. 

In order to investigate the potential of 2-(trimethylsilyl)ethyl sulfides as sulfhydryl protective groups, a 

small stability study was performed by subjecting 2-(trimethylsilyl)ethyl 2,3,4,6-tetra-O-acetyl-l-thio-13-D- 

galacto- and glucopyranosides to a selection of reaction conditions often encountered in organic synthesis (table 

2). 2-(Trimethylsilyi)ethyl 1-thio-glycosides were chosen for the stability study, since they were expected to be 

among the least stable 2-(trimethylsilyl)ethyl sulfides. The 2-(trimethylsilyl)ethyl 1-thio-glycosides were stable 

towards most reaction conditions employed, except for strong and soft Lewis acids (table 2). In addition, 2- 

(trimethylsilyl)ethyl sulfides have previously been shown to be stable towards de-arylsulfonylation conditions; 

Na(Hg)/THF/CH3OH 5. 

Finally, 2-(trimethylsilyl)ethyl sulfides can be prepared by other means than reaction of 2- 

(trimethylsilyl)ethane thiol with electrophiles; ian electrophilic reagent, 2-(trimethylsilyl)ethane thioltosylate, has 

been shown to sulfenylate nucleophilic carbons, 5 iiradical additions of 2-(trimethylsilyl)ethane thiol to olefins 
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yield 2-(trimethylsilyl)ethyl sulfides, 13 and iiiradical additions of vinyltrimethylsilane to thiols yield 2- 

(trimethylsilyl)ethyl sulfides (i.e. protecting a thiol). 13,14 The different possible synthetic routes towards 2- 

(trimethylsilyl)ethyl sulfides and the stability of 2-(trimethylsilyl)ethyl sulfides towards many reaction conditions 

encountered in organic synthesis, together with our method for their facile transformation into thioesters, renders 

such sulfides particularly useful as sulfhydryl protective groups. 

Typical experimental procedure for acetolysis of 2-(trimethylsilyl)ethyl sulfides: To octyl 2- 
(trimethylsilyl)ethyl sulfide (91.4 mg, 0.37 mmol) and acetyl chloride (0.5 mL, dist. from PCI5) in dry CH2C12 

(2 mL) under argon, was added AgBF4 (75 rag, 0.39 mmol). TLC analysis showed the reaction to be complete 

within 5 min. The mixture was diluted with CH2C12 and saturated aqueous NaHCO3, filtered through Celite (to 

remove the silver chloride precipitate), the CH2C12 was dried over Na2SO4, and concentrated to give octyl 

thioacetate (64.6 mg, 93%) in >98% purity according to 1H-NMR analysis. 
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