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Abstract: A new synthesis of thlols in high yield utilizing carbon radicals and elemental sulfur is 
demonstrated. The pmcedum is applicable to 1*.2* and 3* carboxylic acids. 

Thiols have been prepared in 8 wide variety of ways, however, many of these procedures suffer 

from the disadvantage of being specific only to certain organic substrates or form unwanted sulfur containing 

by-products.1 For example, treatment of alkyl halides with sodium hydrogen sulfide ( NaSH ) is a 

commonly used proccdurt. but fails completely for terdary halides due to competing elimination. 1.2 

Among the other more useful methods for the formation of thiols are the reaction of Grignanl 

reagents with controlled quantities of sulfur.t the reduction of sulfonyl halide6.l sulfonic acids3 and 

disulfide~ or the addition of hydrogen sulfide to alkenes.’ Reduction of di- and polysulfiis with q 

formed from the reaction of carbon radicals with sulfur monochloride has also been employed as a synthesis 

of thiols of limited utility.5 

The acyl derivatives of N-hydroxy-2-thiopyridone ( Barton PTOC esters ) are a convenient and 
inexpensive source of carbon radicals. Recently we showed6 that radicals obtained by photolysis of these 

derivatives reacted with white phosphorous to furnish, after oxidation with H202, a new method for the 

conversion of carboxylic acids into the corresponding phosphonic acids. We now report the same reaction 

with elemental sulfur. 

Barton PTOC cstcrs of phenethyl, cyclohcxyl and I-adamantyl carboxylic acids were prepared 

according to the general procedure outlined7 Photolysis of these esters in the presence of elemental sulfur 

afforded after reduction of the products with sodium borohydride the corresponding thiols in excellent yield 

as depicted in Table 1. As cm be seen the method is applicable to primary, secondmy and tertky carboxylic 

acids. 

The intemxdi& products formed from the photolysis of the Barton PTOC esters in the presence of 

Sg were also analyzed for all three examples in order to investigate the mechanism of the reaction of carbon 

centered radicals with !&. The products isolated, normalized to 100% a displayed in Table 2. The products 

were identified by comparison with authentic samples or &amcmkd by standard procedures.* 
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Table 1. Synthesis of thlols from carboxylic acids. 

0- c.‘O-R 

i) hv, 0°C 
* 

ii) NaBI&, MeOH, 25°C 
R-SH + 

R Yield of thiol (R-SH) 

98% 

88% 

Tab 2, M (%. normalid to 1009b) isolated after photolysi of Barton Pl’DC esters in the presence 

ofcknxnmlsulfur. 

mly 

1 

2 

3 

4 

R R&-R R-SpPy R-S+ 

_Yl 28 37 10 

CWoh=yi 29 32 11 

LAdamantyl 32 26 15 

I-AdamWyls 26 <l 47 

a PcTfomEd at UPC with four apivalcnts S8. 

Py-s-s-Py 

25 

28 

27 

26 

Scrutiny of the product yields (Table 2, Entries 1-3) indicates that the formation of the sulfur 

containing pm&c& is unaffected by stuic factors for primary, secondary and tertiary substrates. A radical 

chainmacbaaismwhichaccollnts~~theo~~productsisdepicQdinsChem1. 

Initiation (Step 1) results from the irradiation of the Barton PTOC esters causing homolysis of the 

oxygen-nitmgen bond afftig the alkyl radical *), carbon dioxi& and the thiopyridyl radical. Steps 2-5 

representpropagationsteps~ account for the formation of thne of the flllfur containing products, namely, 

Py-S-S+y, R-S-Py and R-SJ-Py. The key step in this mechanism is step 4 which involves the reaction of a 

carbon-t&cd radical with S8. E&ncntal sulfur being an eight-membered tig at ambient tempcnrnne is 

readily cleaved by carbon radicals due to the we& sulfur-sulfur bond strength (c.u. 33 kcal mol-$9 and the 

high thiophllicity of the carbon radical. The intcamc&atc R-S8. radical bmaks down to afford the pcrthiyl 

radical (R-ST) which does not fragment futthor due to the stronger carbon-sulfur bond. 
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R’ + 

R- + 

R-S; + 

2 R-S; 

llV 

w 

* 

c 

scheme 1. 

Fy-S-S-Fy + CO2 + R’ 

R-S-Py + co, + R’ 

R-S; - R-S; + 3(Sz) or !I6 

R-S,-Py + CO, + R= 

R-S4-R 

Finally, step 6 represents a termination process and accounts for the formation of the dialkyl 

tetrasulflde (R-S4-R). The lack of formation of dialkyl disulfii (R-&-R) indicates that the dialkyl 

tetrasulfide does not result from the combination of a R-Q. radical with R-. Interestingly, pyrolytic 

decomposition of the Barton PTOC ester in the ~OffoUr~~V~n~OfS~atlu)ocregultcdin~ 

increased yield of R-S-Py at the expense of R-S3-Py_ (Table 2, Entry 4). The formation and mactions of S2 

have been canmsively studied by Wliou and by other investigators.“’ 

In conclusion, the sulfur containing products resulting from the reaction of carbon-centered radicals 

(generated fmm Barton PTOC esters) with elemental sulfur have been identified. The formation of these 

products were found to be unaffected by stetic effects. Furthermore. reduction with NaBlI4 results in the 

fomnaion ofthiolsincxccllcJltyicld. 

Typical procedure for the preparation of thiols from PTOC esters : To an ice+coolcd solution of 

anhydrous methylene chlolide (15 ml ) under an inert atmosphere was addal &mental sulfur ( 0.29 mmol# 

74 mg ) followed by the thiohydroxamatc ( 1.0 mmol 1. Photolysis was initiated and continual until starting 

ma~alsdisa~(1hr.).~mixturewasallowcdtoattainroomtempcraturtaodananhydrrms 

mcthanolic solution ( 10 mL ) of sodium borohydrkle ( 20 mmol ) added dropwise over 15 min. ‘Ihe mixture 

was stitmd for an additional hour, then poured into sulfuric acid ( lN, 60 mL ). The sgueous phase was 

extracted with methylone chloride ( 4 x 20 mL ). dried ( MgSq ) and the solvent removed in vacua. 

Chromatography ( hcxanes / ethyl acetate, 97 : 3 ) afforded pure tbiols with physical pmpcaties in agme&nt 

with the known compounds. (phencthyl thiollt, cyclohexyl and I-adamsmy thiols). 



Procedure for the isolation of w&r containing intermediates : The reaction was pcrfo11114 iu an 

identical manner to that described above. After completion of the reaction, the volatiles were removed in 

vacua and the crude products subjected to column chromatogmphy, ( hexanes / ethyl acetate, 97 : 3). Pure 

products were obtained as follows, ( increasing retention times ): RS4R RSPy, RS3Py. Py2S2.12 
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