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Abstract: Reachon of p-toluenesulfonyl cyanide or methanesulfonyl cyamde with alcohols m the presence 

of 1,8&azabtcyclo[5 4 Olundec-7-ene (DBU) or l,Mazablcyclo[2 2 Z]octane (DABCO) gtves sulfinates In good 

yield A mechantshc scheme mvolvmg sulfinyl cyanates 9 and 21 is suggested 

Introduction 

Transformatton of alcohols to the conespondmg mudates m a base-catalyzed nachon with various rumles 

IS an Important reaction m synthettc orgamc chenustry Thus reachon has been known for almost a hundred years’ 

(Nef, 1895) and It has found applicahon for several synthetic purposes One mayor apphcatton is the use of 

mudates m glycoslde and ollgosacchande synthesis * We have employed thus method for the transformation of 

alcohols VKI their mudates to tiophk lo- and selenocarbonyl denva&ves for radtcal deoxygenahon reachons3 

In an attempt to obtam tosyl updates of vanous alcohols from the base-catalyzed reacaon with the corresponding 

alcohol 2 and tosyl cyanide la we have found that the correspondmg sulfmates 4 were formed Instead of the 

desued un~dates (3) This prompted us to study this new reamon in detad and attempt to prove the mechanism 
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We have extended dus new reaction by usmg methanesuifonyl cyarude lb Instead of p-toluenesulfonyl cyamde 

We found that lb gave methanesulfiites 5 III Hugh yield. The yields of this reachon were comparable to or lugher 

than those of the correspondmg p-toluenesulfinates4J 

0-Sulfinylation 

Known methods for the synthesis of sulfiiate estem rqure the achvauo&’ of sulfimc acids, or the use of 

the correspondmg sulfinyl chlondes8*g A reCent report describes a one-pot synthesis of sulfiiates from alcohols 

with sulfonyl chlorides and trunethyl phosphate to The latter method, however, gives methanesulfinates m a 

lower yleki4. 

Rtical deoxygenahon of alcohols” (the Barton-McComble reachon) can be camed out on denvatlves of 

alcohols contammg a tlno- or selenocarbonyl moiety. In most systems dus functlonabty IS the most radlcoptibc, 

thereby dzectmg the attack of the rad~cal reagent to the denvatuzcd alcohol There are numerous reagents12 for the 

transformation of alcohols to thiocarbonyl denvattves sultable for this tical process As a conanuatlon of our 

research m thus field we reacted various alcohols with tosyl cyanide la (Scheme 1) 111 the presence of a base 

(DBU) to form the mudates 3 However, sulfinates 4 have been obtamed m high yield, mstead of 3 The 

sulplunates (4) formed m our reacttons have been uientied (III tiaon to physical methods) by comparison with 

authennc compounds and also by ox&zmg them to the known sulfonates (tosylates) 

A thorough study showed that pnmary, secondary and ternary alcohols funush p-toluenesulfinates upon treatment 

with DBU or DABCO and la Methanesulfonyl cyan&. lb gave the corresponding methanesulfmates 5 m high 

pelds (all the yields are gwen III the Expenmentsl section) 

RSO+.ZN + RI-OH 

1 

a R- 
u 

Me 

2 

??” 
R’O-C-S&-R 

3 

P 
R'O-S -R 

4 R= Me 

b R=Me 
5 R=Me 

Scheme 1 
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Tosyl cyamdc IS cady cleaved in hot~~4yu&~~~~ or hctcrolyt~c pmccssest3 With nuclcophk (AtO-, 
RS-, R2N-, ArMgX) It gwes ArOCN, RSCN. R2NCN, ArCN-type products. The only other product of our 

reactions IS TsS-~MC-PhM W ‘llus suggests a more compltcatcd mechamsm. 

A possible mechamshc pathway leadmg to this new retion IS deplcted III Scheme 2 and 3. 

DBU or DABCO 7 

2 
M S-OCN 

9 

Scheme 2 

R-OH 

Scheme 3 
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Thus treatment of a sulfonyl cyanide (la) with a strong, non-nucleophrbc base (m thus case DBU or 

DABCO) would gwe vm mtermediates 7 and 8 the cyanate 9 We assumed that dus cyanate 9 was responsible for 

the sulfinate transfer to the grven alcohols present resulting in the formatton of the correspondmg p- 

toluenesulfinates 4. Blank expenments of tosyl cyan& and DBU or (DABCO) resulted m the formatron of 13 

(25%) most probably m accordance wuh Scheme 3. 

In the presence of an alcohol the achvated sulfinyl morety of 9 can be transformed to stimates (4). or the 

weak S-O smgle bond may undergo homolync cleavage grvmg sulfinyl radrcals 11 In the absence of alcohols or 

radrcal traps the formanon of the duosulfonate (13) can be mterpxeted as a self termmatron of 1115 (Scheme 3) 

One may suggest that 13 could possibly take part rn the fonnanon of suhimates 4 III accordance wnh the 

Scheme 4 

We have therefore studted the reachon of 13 and cyclododecanol(2a) m the presence of DBU However, 

reactton of 2 eqmvalents of 13 wrth 1 eqtuvalents each of DBU and 2a resulted m the formatron of only 20% of 

cyclododecanol p-toluenesulfinate (4a) (24hr). and the known Ctolyl-Qsulfide (15) (30%). Thu sulfimylanon IS 

much slower and gives much lower yrelds than the reacnon of tosyl cysnrde (la) and alcohols m the presence of 

DBU (macnon turn. 2hr). Moreover, we could not detect the drsulfkk (15) UI the latter These fmdmgs suggest 

that O,S-sulfenyl-sulfinates of type 14 are not mtermedrates m the sulfmylahon reacnon of la m the presence of 

DBU In order to corroborate our suggested mecharusnc scheme of the sulfinylahon reacnon of la (Scheme 3). 

we attempted to detect the other product HOCN (6) Therefore we attempted the known reactron of the cyanate 

amon wnh benxyl chlonde and ethyl alcohol m DMF Indeed, 111 the one-pot procedure (stinylanon, followed by 

the addmoon of benxyl chlonde and ethanol) we have obtaured the benxyl urethane 10 (97% yreld, g 1 c ) 

4 
Me c M 

[ 

Me 

Me + 4 Ro 

Scheme 4 

In order to find further evrdence of the nuhcal cleavage of the suggested mtermedrate 9, we have attempted 

to use mrxed anhydndes of N-hydroxy-2-thropyndone (hke 16). lmown thermal or photolytrc sources of carbon 

radrcals17 When used alone III darkness. nerther DABCO nor la unhated the radrcal rearrangement of 16 to17 
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However, when 16 was treated m the dark wtth both DABCO and la, 19 was isolated m 17% yteld, undoubtedly 

formed from the phenylethyl t-ad& 18. In a simtlar reachon lb gave 20. 

16 17 

NMR experiments 

1% NMR experiments 

The progress of the rearrangement of tosyl cyan& la tn the presence of an eqmmolar amount of DABCO 

was followed by DC NMR at low temperature DABCO was added mto the tube contanung the solutton of la at - 

6OoC and t3C NMR spectra were recorded at -60. -50. -40. -30, -20. -10.0 and u)oc. We have found that the 

reachon between tosyl cyantde la and the base takes place at temperatures higher than -5OT At -4ooc the peaks 

of la completely disappear and a new set of peaks appear correspondmg to the cyanate 9 The most chatactensnc 

change 1s. as expected, the &sappearance of the CN carbon at 113 6 ppm and the appearance of a new carbon at 

152 5 ppm that 1s attnbuted to the OCN carbon of 9 This tntetiate 9 ts stable III the absence of alcohols up tc 

-2OT At that temperature It tippears. due to the homolyttc cleavage of 9 

The same expenment was repeated with methanesulfonyl cyan& lb In this case the rearrangement takes 

place upon the addmon of DABCO at &PC ‘Ihe carbon peaks of lb (45 6 and 112 6 ppm) change to those of 

the domspondmg cyanate (42 4 and 156 6 ppm) Thts change IS smular to that, observed m the case of la We 

have found that this mete sulflnyl cyanate 21 1s stable up to -5oOC At -4ooc thts mtermedtate can no 

longer be detected The cyanate peak (152.5 ppm) dsappears at -4OoC The methyl signal of the tntennedlate 

methanesulfinyl cyanate 21 also hsappears at -4OT, being replaced by that of the cotrespondtng thtosulfonate 22 

0 

Me!-OCN 

21 

MeSO#Me 

22 
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Low temperature 13C NMR experiment in the presence of an alcohol. 

DABCO (1 1 eq ) was added carefully to methanesulfonyl cyamde lb (10 eq ) m an NMR tube at -6CPC 

The 1% NMR spectrum showed the complete dsappearance of lb and the appearance of the peaks of 21 as seen 

previously Cyclododecanol(0 8 eq ) was then added at -6OV The 13C NMR spectrum of the crude rmxture 

showed clearly the peaks of the comspondmg methanesulfinate Sa The peaks of the mmte methanesulfiiyl 

cyanate 21 hsappeared uxhcatmg that Sa was indeed formed from 21 

Independent preparation of p-toluenesulfinyl cyanate 9 and methanesulfinyl cyanate 21 

p-Toluenesulfmlc acid6 was dlssolvad m CDCl3 and the t3C spectrum was recorded at -6CPC This 

solution was then treated with DABCO, followed by cyanogen bromide The 13C IWR spectra of this reaction 

rmxture were then recorded at -60, -50, -40, -30, -20, -10, 0 and 2OW respechvely The *%I! peaks of 9 

(ldately appeared at -6ooC and disappeared at -2ooC) are m good agreement with those, seen m the p- 

toluenesulfonyl cyanide + DABCO reachon (Scheme 5) 

A) 9 formed m the TsCN + DABCO 
reaction nuxture 

B) 9 formed m the 4-MePhS4H + 
DABCO + BrCN reactlon nurture 

1238 128 8 1249 1288 

Scheme 5 

A) 21 formed m the MsCN + DABCO 
reaction at -6ooc 

B) 21 formed m the MeS@H + DABCO + 
BK!N reacnon at -6OW 

4; 4 156 6 42 3 155 7 

Scheme 6 
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Smulatly, treatment of methanesulfimc** acid urlth DABCO and cyanogen bronude at -6CPC we have observed the 

appearance of a peak m the t3C NMR spectrum at 155 7 ppm. This can be attnbuted to the formation of the 

sulfinyl cyanate The correspondmg value observed m the rearrangement of methanesulfinyl cyanide was 156 6 

ppm In both cases these peaks disappear above -4tPC. &catmg that these compounds are thermally unstable but 

can be made and used at - 6CPC (Sebeme 6). 

Experimental 

tH and 13C NMR spectra were recorded on a Vanan XL-200E spectrometer for deuterochloroform 

solutions (6 scale, TMS as mtemal standard) Vanable temperamre t3C NMR measurements were camed out on a 

Vanan XL-200 spectrometer. Mass spectra (70 eV, electron Impact) were obtamed usmg a Hewlett-Packard 

5995C quadrupole GC-MS mstrument IR spectra wen measured ~th a Perkm-Elmer 881 spectrometer only the 

most slgmficant absorpaons are hsted Glc analyses were performed with a Chrompack 439 instrument equipped 

with a PID detector and a DB-5 (0 1 mm) fused slhca capdlary column (3Om x 0 25 nm) usmg maogen as tamer 

gas, and napthalene as mtemal standard M~croanalyses were performed by Atlantic Mlcrolabs, Atlanta, GA 

Melting pomts were determmed on a Kofler hot stage and are uncorrected N-Hydroxy-pyndme-2-throne was 

prepared from the 40% aqueous solution of its sodmm salt (trade name sodium Omadme@ a kmd gift from the 

Olm Corporanon) 

Structures of the startmg alcohols 2a-g 

a 

H 

38 - ct&steiol 

b 

QH34wGl7-OH 

e 

& 

g 

To the solution of the starhng alcohol 2 (2 mmol) m dry methylene dlchlonde (5-8 ml), DBU was added 

under argon at 0-5OC (ice bath), followed by the addmon of tosyl cyanide (la) m small pomons Then the pale 

yellow solutton was allowed to warm up to room temperature and the reacuon momtored by t 1 c The reacnon 

was complete m less than 2 hr Then the nurture was concentrated m vacuum and the title compounds isolated by 

column chromatography on sdica gel (hexanes ether= 8 2) 

Compound 4az Yield 89% (from methylene dlchlonde hexanes). mp 51-52OC. IR (CHCl3) 1126 cm-l 

(S=O). ‘H NMR (6). 1 l-l 9 (22 H. m, CH2 groups), 2 4 (3 H, s, Me), 4 5 (1 H, m, H-l), 7 33 (2 H, d, J = 
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8Hz). 7 63 (2 H, d, J = 8Hz), 13C NMR (5) 20 0. 216. 23 5, 24 0, 24 2. 24 4, 30 9, 310. 78 2, 125 l. 
129 7. 142 6, 143 2. m/z (%) 322 (0 3). 306 (La), 157 VIO), HR-MS m/z = 322.1962&k. for C25H4402S 

322 19661. Compound 4a was identical with the product obtatned by the reported pmceduret0 

Compound 4b6 Yield 85% (from methylene dlchlonde hexanes), mp 130-1310C (ht.6 132-135oC, 

chloroform methanol), lH NMR (8) 2 41 (6 H. s), 4 l-4 25 (2 H, m), 5 3 and 5 41 (2 H, m), 7 32 (4 H, d, J = 

8Hz), 7 62 (4 H, d, J = 8Hz) 

Compound 4c6 Yield. 91% (from methylene &chlonde* hexanes), mp 1 18-120°C (k6 121-123OC, 

chloroform* methanol), 1H (6). 2 42 (3 H. s). 4 2-4 35 (1 H, m). 7 32 (2 H, d. J = 8Hz), 7 61 (2 H, d, J = 8Hz) 

lH 
Compound 4d’. Yield. 94%. mp (of the (Sk(-) menthyl p-toIuenes&Inate) l02-1040~ (ht.6 103~l05oc), 

(6) 2 42 (3 H, s), 3 95-4 4 (1 H, dt, J, = 10 5Hz, Jae = 4Hz), 7 34 (2 H, d. J = 8Hz), 7 68 (2 H, d, J = 

8Hz) 

Compound 4e Yield 92% (from ether hexanes), mp 37-38OC. IR (CHCL~) 1130 cm-l+&)), 1~ (6) 

0 8-l 8 (35 H, m). 2 41 (3 H, s, Me), 3 5-3 7 and 3 9-4 1 (2 H, dt, J1 = 7Hz, J2 = loHz), 7.32 (2 H, d, J = 

8Hz), 7 61 (2 H, d, J = SHz), 13C (6) 14 2, 21 6, 22 8, 25 8. 29 3. 29 5, 29 6, 29 7, 29 8, 32 1, 64 6, 125 3, 

129 8, 142 0, 142 6, m/Z (96) 408 (0 3), 253 3). 157 (loo), HR-MS m/~=408.3065, [Cak for C25H4402S 

408 30621 

Compound 4f** Yield 91% IR (CHCL3) 1130,114O cm-l&O), ‘H (8) (maJor) 1 2-1 6 (4 x 3 H, 4s). 

2 44 (3 H, s). 3 9-4 3 (3 H, m), 4 76 (1 H, d. J = 3 6Hz). 4 95 (1 H, d, J = 3Hz). 5 85 (1 H, d, J = 3 ~Hz), 

7 37 (2 H, d, J = ~Hz), 7 68 (2 H, d, J = 8Hz), (mmor) 1 2-l 6 (4 x 3 H, 4s). 2 44 (3 H, s), 3 9-4 3 (3 H, m), 

4 51 (1 H, d, J = 2 4Hz), 4 82 (1 H. d, J = 3 5Hz). 5 92 (1 H, d, J = 3 3Hz), 7 35 (2 H, d, J = 8Hz), 7 65 (2H, 

d, J = Hz), m/z(%). 399 (0 1). 383 (22), 139 (100) 

Compound 4g6 Yield 87 5% (from methylene dlchlonde hexanes), mp 81-82OC (ht 6 80-82OC), 1H 

17-2 3 (15 H, m). 2 45 (3 H, s), 7 30 (2 H. d, J = 8Hz), 7 60 (2 H, d. J = 8Hz) 

p-Tolyl p-toluenethlosulfonate l4 13 Yield 36%. mp 74-76OC (11t.l~ 74-76OC), ‘H (6) 2 35 (3 H, s), 

2 45 (3 H, s). 7 15 (2 H, d. J = 8Hz). 7 20 (2 H, d, J = 7Hz), 7 25 (2 H, d, J = 7Hz), 7 45 (2 H, d, J = 8Hz) 

An authentic specunen was prepared accordmg to the hterature procedure14 

of D--es to p-toluenesulfonates Typrcal procedure To a solution of the 

appropnate p-toluenesulfiiate 4 (0 5 mmol) III dry chloroform (5 ml) 60% mCPBA (0 210g. lmmol) was added at 

O°C m small pomons The rcactlon was momtored by t 1 c When all the sulfinate was consumed, the reaction 

rmxture was extracted with sat aqueous sodnnn bicarbonate and &chloromethane and the orgamc layer dned over 

anhydrous magnesmm sulfate Removal of most of the solvents and dropwlse atitlon of hexanes afforded the 

known tosylates m high yield 
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G Typical procedure The alcohol 2 (2 5 mmol) was 

dissolved m dry pyrtdme (20 ml) at O°C and treated with tosyl chlonde (142 g, 7 5 mmol) added in small 

portrons After stumng overnight, the solvent was evaporated under vacuum and the residue was extracted wuh 

drchloromethane and water The orgamc layer was dned over magnesmm sulfate and concentrated under vacum 

Gradual addmon of hexanes afforded the known tosylates III high yteld 

p23 Yield 89%. mp 88-89OC!, tH (8) 1 l-l 8 (23 H, m), 2 4 (3 H, s), 

465(1H,m).731(2H,d,J=8Hz),780(2H,d,J=8Hz) 

vl n-tow Yield 85% mp 135-136OC, lH (8) 0 5-2 0 (m, cholest ), 2 4 (3 H, 

s), 445 (1 H, m). 7 30 (2 H, d, J = 8Hz). 7 80 (2 H, d. J = 8Hz) 

Q To a solutron of the alcohol 2a (0 5 g, 

2 7 mmol) m 20 ml dry drchloromethane were added DBU (0 42 g. 2 7 mmol) followed by compound 13 (15 g, 

5 4 mmol) m small pomons Sumng was contmued at room temperature for 24 hr and the reactton was followed 

by t 1 c The solvent was then concentrated and the rmxture separated on silica gel using hexanes ether (tn 

gradtent) as eluent The p-tolyl drsulfide 15 has been isolated m 30% yield together wtth compounds 4a (20%). 

13 (52%) and b (73%) 

p-Tolvl &&i&& mp 42-44OC The spectral data of thus compound were rdenucal to those reported for 

the cornmerc~al product (Aldnch, 98%) 

s of the s The tttle compound was synthesized accordmg to the literature 

procedu@ m 65% yield. mp 42-43OC (lit 41 5-42OC) 

r The alcohol 2a (0 1 g, 0 54 mmol) was &ssolved m 4 ml dry 

drchloromethane at O°C and treated with DBU (90 mg, 0 59 mmol) followed by tosyl cyanide la (0 38 g, 2 1 

mmol) tn small portrons The dsappearance of the alcohol was followed by t 1 c After the end of the reactton 

37 3 mg (0 81 mmol) of absolute ethanol and 82 mg (0 64 mmol) of freshly &strlled benzyl chlonde were added 

and the reactton truxture was kept boihng for 3 hr Glc analysts of the crude reachon nuxture (an authenhc sample 

was prepared and used for comparison))) mdrcated a 97% yield of the In situ prepared benzylumthane 10 

Glc condtttons 1~1 samples were inJected at once at an oven temperature of 80°C for one mmute After the 

temperature was mcreased to 250°C at a rate of 15°C/mm Retentton hmes 5 80 mm (mt standard) and 8 75 nun 

(urethane 10) 

p Using the acyl N-hydroxy-2-thropyndone 16 Tosyl cyatnde l(100 mg, 0 55 mmol) and compound 16 

(0 43 g, 1 6 mmol) were placed ut a flask covered wtth ahumnum foil, under argon m 15 ml dry dtch’oromethane, 
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22 8, 25.8, 29.3, 29.7, 29.8, 30.2. 320, 44 2, 68 5, m/z (%) 315 (lo), 99 (30). 57 (100). calcd for 

Cl9H40O2S C 68 62, fi 12.12, found C 68 69, H 12 06% 

Compound Sf. Yield. 8446, mp 79-82OC (from ether/pentane); IR (CHCl3) 1074.1135 cm-1 (Sa), lH 

NMR (6) 0 85-O 95 (t, 3H, J = 7Hz), 1 31, 1 34. 1 43, 1 51(4 x 3H. s), 2.689, 2 693 (2 x 3H, s), 4 O-4 3 (4 

H,m),46(1H,d,J=35Hz).48(dlH,d,J=20Hz),59(1H,d.J=35Hz),13CNMR(6) 252,253, 

262. 263. 266, 267, 26 8, 269, 443, 448, 668. 676. 722, 723. 765, 77 2, 77 8, 782, 803, 807, 

83 0, 83 8. 83 9, 105 0. 105.3, 109 3, 109.4, 112 4, m/z (%) 307 (50). 249 (20). 127 (25), 101 (loo), calcd 

for C13H22O7S C 48.44, H 6 88, found C 48 55. H 6 90% 
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