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There are many synthetic applications of the original Barton-McCombie mactiont for the radical chain 

deoxygenation of alcohol@ (R-OH to 4 via the carbon-centered radical 2). It has be&n demonstrated earlier, 

that thiobenzoatesf la, thionocarbonates3 lb and xanthatcs ‘$4 lc are useful precursors for this mild r&lical 

reaction. applicable to a wide range of sensitive natural products, including various carbohydrates and 

antibiotics. However, thne arc only a few published examples on the use of other clithiocarbonat& and, in 

particular, hithiccarbonatcsJ as sources of carbon radicals (Scheme 1). 
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The application of (phenylthio)thiocarborbonyl chloride in derivatization of carbohydrates of 

aminoglywside antibiotics and the SubQequcnt trialkyltio radical mdiated radical chain &oxygenation of the 

@henylthio)thiocarbonyloxy compounds ld has been de.~&tted_~ A systematic study, related to the potential 

role played by the substituents on the phenyl ring of these aryl dithiocarbonri&s in the nuIicophilicity of the 
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thiocarbonyl group, and, hence, in the outcome of the radical chain &oxygenation reactions has not yet been 
reported. Since we have demonstrated recently7 that various substituents on tbe phenyl ring of aromatic 

thionocarbonates can enhance the radicophilicity of the thiocarbonyl group and improve the radical 

deoxygenation process,7 it was of interest to study this effect in thionothiocarbonates aad thiono- 

sclenocarbonates. 

Thus, various reagents have btcn chosen from our potpourri in the hope that these could be suitable for 
syntheses of thionothiucarbonates and thionoselenocarbonates as potential substrates for the radical &on 

outlined in Scheme 1. Thiophosgene can be utilized for the synthesis of these reagents and subsequently the 

desired subsuates 1 in two independent ways. In version A the chlorothionocarbonate-type reagents could be 
made from the corresponding phenol, thiophenol or selenophenol and then reacted with an alcohol to form 

substrates of type-l. We have envisioned that likewise, depending on the structure and sensitivity of the 

alcohol that needs to be deoxygenated. in version B, a chlomthionocarbonate could also be prepared from the 

alcohol itself and subsequently transformed into thionothiocarbonates or thionoselenocarbonates upon reaction 

with the corresponding thiophenols or selenophenols, ArSH or ArSeH. respectively . This latter method is 

known to provide an easy access to thionocarbonatesg with various phenols (especially pcntatluorophenol). 

A special objective of our work was the synthesis of derivatives of 1 that would show an enhanced 

radicophilicity with respect to Barton esters of type 7. In this way a new rsnge of radical chain reactions might 

be inaugurated where the chain was not interrupted by reaction of the radical with the Barton ester (Scheme 

2). 
Scheme 2 
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The first formed radical 8 (from 7a or 7b). by reaction with 1 would furnish 9 and a second radical 

10. The latter would be trapped by a &able olefin 12 to furnish 13 with reformation of the radical R” 8. We 

have shown already10 that the highly functional&d carbon atom in adducts of type 13 makes them versatile 

intemxdiates for the synthesis of a variety of compounds. 
Two substituted (arylthio)thiocarbonyl chloride reagents 149 and 14b were prepared from 

thiophosgene in a water/methylene chloride two phase system in 90.7% and 90.17% yield, nzspectively. 
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a) Ar = pToly1 

b) Ar = p-Fluorophenyl 

c) Ar-Ph 

d) Ar = pChloropheny1 



6459 

The corresponding unsubstituted phenyl compound 14~ is commetcially available, but it can also be 

synthesized by this method in a higher than 90% yield. The 4-chloro analogue 14d was prepared similarly to 

14a and 14b in an 85% yield. These (arylthio)thiocarbonyl chlorides can then be used to functionalire 

alcohols via path A to furnish dithiocarhonates le and If (R = cyclododecyl), respectively. The alternative 

method (path B) involves the one-pot transformation of alcohols to the corresponding chlorothiocarbonyl 

derivatives in methylene chloride with thiophosge& in the presence of N,Wdimethylamino pyridinc, followed 

by the reaction with the corresponding thiophenol Ar-Q-H (Q = S). These compounds are suitable for 

deoxygenation by known methods. Thus, deoxygenation of the p-fluorophenyl-derivative lf (R = 

cyclododecyl) with tris(trimethylsilyl)silanet~ (1 equiv) and a catalytic amount of azobisisobutyronitrile at 

1lOW resulted in complete conversion of lf to cyclcdodecane. Analytically pure samples of cyclcdcdecanol 

derivatives le, lg. lb and lf can be obtained after mcrystallization from methylene chloride/methanol in a 

66-71% yield. Both methods give much higher yields than the reported arylation using carbon disuMide.12 

Attempts to synthesize the (phenylseleno)thiocarbonyl chloride resulted in a crude orange liquid that easily 

decomposed upon attempted purification. However, the alternative reaction (path B) gave the desired 

phenylselenothionocarbonate Ii (R = cyclododecyl) in a 73% isolated yield after recrystallization from 

chlorofomY/memanol. 

Competition experiments of selected dithiocsrbonates (l-l equivalents) with the corresponding methyl 

xanthate lc (R = cyclododecyl) with isopropyl radicals generated by the visible light photolysisg of the 

corresponding Barton ester 7b rewealed that the aryl dithiocarbonates were 5-6 times more reactive than the 

corresponding methyl xanthate (Table 1). 

Table 1. motolysis of thiohydmxsmate 7b in the presence of thiccarbonyl compounds.a 

7b equivalents 1 2 3 4 5 

Substrate(s) Consumed (%) 

le 40 14 100 

le/lcb 37p3 56/13 70/13 80/16 liKV18 

Id/lcb 2m 5315 - 83/l 1 loo/17 

li/lcb 50/O 80/O loo/O - 

lji/lCb 38/O 59112 69/16 100/18 lOOf 

Thereactionswae~~in~(setref.9)andthetnnsconnstionswsrefollowcd 
by ‘H NMR. bl eqaivslent each. relative to the starting 1 eqaivalwa of 7b. 

In order to achieve a 100% conversion of the aryl dithiocarbonates, however, the USC of 3 to 5 

equivalents of the thiohydroxatnatc 7b was needed This indicates that the thiocarbonyl group of 7b is still 

more reactive than those of derivatives I, competing successfully for the carbon centered (isopropyl) reagent 

radical. The (phenylseleno)thionocarbonate li was more reactive towards the isopropyl radical than the 

corresponding (Mlwrophenyl) dithiocarbonate of cyclododecanol If. 



Wehavealnady~thatmethylredicalsOeneratedfram7acurinduceatrwm~the 

fragmentation of the zanthatc and sulfonc w&Iucs in the Julia ol&ination reiwion.tf We have amfbnal our 

originalnqort(9O%yieidofokfin). lbediffcrencebctwccnthisresultaodthcdatatqottalinT~fmust 

be explained by the concerted mechanism ah-c&y pr0p0sai.t~ A similar phenomenon is seen in the 

fragmentation of trithioc@onate and n&o groups in a t&ted olefination maction.S* I4 In both olefination 

reactions the addition (111) of cyclod&yl methyl xanthatc left this zanthatc largely unchanged during the 

smooth olcfhuuion process. 
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