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Abtracf-- :~-Sullin~l-p-tc~lucnc~ulft~namide (I ) reacted Nith triaryl- and dtarylmethanols IO gvz 
predominnntly X-substituted sulfonamides and SO: presumably CIU carbomum Ion Intcrmetlt;rtes. When 

carbomum IOII formtng alcohols. such a:, r-l%uOH and Ph,C‘(Me)OH. wcrc used. the predominant products 
ucre alkcncs ;md p-toluencsulft)n~~midc. Allylrc alcohols afforded S-substituted sulfonamides. along with 

dmcs a11d I)-tt)lucnesulf~~n;Imide. Alcohols which could not prcdictahly give rclatibcly stsble tntermcdiatc 
carbonturn 1or1s. p;c~c: cilher dlalkyl sullites or dlalkyl ethers. along with p-toluencsutfon3mtdc. In one C~SC. 
n;tmcly uith 9-phenqlfluorcnol. the I :I adduct with I [an amtdosulfitc) ws isolated. A rncchanlsm fur the 
rexlions is proposed. 

Ir has been shown that sulfonyl isocyanatcs 
(RSO,N=C=O) react readily ulth phenols’ ’ and 
alcohols’ to gi\e the normal urcthan products. Triaryl 
methanols. houcver. afford the corrcspondmg N- 
(triarylmcthyl)sulf~~~i~~midcs and carbon dioxide:’ ” 
In view of these tinding it is of intcrrst to compare the 
reactions of these sulfonyl isocyanatcs with that of a 
related cumulated system. I ir N-sullinyl sulfonamide. 

Simple alcohols. such ah methanol. have been shown 
to react with N-sullin!l :irylamines’ I’ but allphatic 
sulfnylumines showed little or no rcactlon.q Since 
dimcthyl sullitc was ohtarned from the reaction of N- 
sulfinylamlinc and methanol the following course of 
reaction was suggested (Schcmc 1 J. 

ArN=S=O + ROH - ArN H S(O)OR 

ROH 
- ArNH2 + (RO)zSO 

Schcmc I. 

The reaction of K-sulfinyl sulfonamides with alkyl 
alcohols was briefly mcntioncd only as glvm,r a 
quantitative yield of sulfonamide and diulkyl 
sulftes.’ 2.13 Primary adducts of these simple alcohols 
and N-sulfinyl sulfonamides could not be isolated. 
Only with thiols primary adducts. RSOLNHS(0)SR’. 
were stable enough IO permit isol;ttion.‘J This study 
deals with the reactions of N-sulfinyl-p-tolucnesulfon- 
amide 1 and a variety of substltutcd alcohols. 

The products obtained from I and alcohols are 
dcpcndcnt on the alcohol structure (Table). In 
addition to I’-toluencsulfonamide 6 five din‘crcnt types 
of products were ~solarcd, Liz L-substituted sulfon- 
amides (A). 1 :I adducts (;rmiJosul(itc H). sullitcs (c‘). 
ethers (D) and alkcnes (E) (Scheme -3). In those cases 
where triphen}lmethanol. dlphenylmcthanol. or aflylic 
alcohols were used products of type A rcsultcd. 

With 9-phonylfluorrnol an amldosulfite of type B 
was isolated when the reaction was performed at 60 
for I hr. However. employing a higher temperature 

“On Ica\e of absence from the Dcpxrtmcnt of C’hcmistry. 
DePauw Ilnlversliy. Grccnc;tzrlc. IS JhlZS. I;.S.A. 

Types of products 

A p-CH&H&02NHR 

B p-CHjC6H4S02NHS(O)OR 

C (RO)zSO 

D R-O-R 

E Alkene derived from ROH 
Scheme 2 

and a longer reaction time this carbinol yielded N-(9- 
phcnylfluorenyl)-p-tolucnesulfonamldc (4) belonging 
to type A tlcating the I : 1 adducf I I in toluenc resulted 
rn lossofsulfurdioxidc and formation ofsulfonsmidc4 
in quantitative yield. When heated in ethanol I I pave 
9-cthoxy-9-phcnylfluorenc 21 (Scheme 3). 

The sulfonamides A derived from allylic alcohols 
were always accompanied by p-toluencsulfonamide 6. 
In two cases the other product was cycloadduct IO of 
isoprenc and I (Table I). 

With allphaticalcohol~ (and also with propenol) the 
predominant products were bullitcs (‘ (the one 
elccption was t-butyl alcohol. I rtk rr!/rrr). The other 
product mvariably was 6. 

f%s(!Ltluorcnyl)cther (18. type D) was the principal 
product. along with 6. from the reaction of 9-flunrcnol 
and I. With diphenylmethanol also an ether was 
obtained when the reaction was carried out at ambient 
temperature. 

t-Butyl alcohol and I .I -diphenylethanol Icd only to 
isobutcne and diphcnyl cthenc (19. type E) re- 
spectlvely. along with 6. 

A plausible mechanism for the reactions described 
above intoIves the initial formation of I :I addition 
product B as IS illustrated in Schcmc 4 (steps LI and h). If 
the incipient carbonlun ion is sutKcicntly stable the 
amidosulfit_c B may dissociate into an ion pair (step c). 
The amidosulfitc anion should easily lose sulfur 
dioxide (step d) to give a new ion pair which on 
collapse lcads to N-substituted sulfonamldrs A (step 
c,). Alternatively. thecarbonium ion in the ion pair may 
release a proton IO produce alkcne E (step f ). The 
proposed mcchumsm following steps (.. tl and (1 IS 

consistent with the bchaviour of triaryl- and 
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I 1, toluene 

IlO”, 48 hr 

s 
O-S-N~S02C6H&H3-p 

LE!=L 60°, 1 hr 

5 2,2 
Scheme 3 

diarylmethanols. and allylic alcohols. I-Butyl alcohol sulfinamide bond. step g) or ether D (alkylation 

and I,l-diphenylethanol follow steps c. d and J alcohol by a sulfinic ester, step h) along with 
Further evidence for the rationale given is provided by toluenesulfonamide. ^ ._ . _ 

Of 

P- 

the results pictured in Scheme 3. The carbonium ion 
formed by heating of amidosulfite I I either produces 
sulfonamide 4 (in toluene) or is captured by ethanol to 
give ether 21. 

In those cases where relatively stable carbonium 
ions are virtually impossible. a second molecule of 
alcohol apparently attacks key intermediate B. The 
product is either sulfite C (alcoholysis of the 

In summary, N-sulhnyl-p-loluenesultbnamrde (1) is 
analogous to sulfonyl isocyanatcs in its reactions with 
alcohols which can give carbonium ions. The two 
cumulated systems are different. however. m reactions 
with alcohols that do not have this tendency to give 
carbonium ion intermediates. In the latter cases, 
sulfonyl isocyanates produce 1 :l adducts (urcthans). 
whereas 1 gives sulfites. 

TosN=S=O + &_H 
(a) e,,? 8 I 
e TosN+y-:- 

!, 
H 

(b) ) P 
TosNH-S-O-d- 

-+-OH 8 

I 0 
-~-o-s-o-~- + TosNH2 

‘C’j/ B 

C 

&-I 

\ 

Ih) 

-+-OH 

-;-O-C- + so2 + TosNH2 
I 

_I D 

(f) ~ 
Alkene + TosNH2 

E 

(4 1 
TosNH-+- 

A Tos = P-CH&H&D2- 

Scheme 4 
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k:XPERI\lE\TAL 

IR spectra were taken on a Pcrkin-Elmer 257 grating 

spectrometer. NMR spectra wcrc recorded on a Vartan A60 

or T6O spectrometer using CDCI, as solvent and TMS as 
internal standard. Elemental analyses were carried out in the 

microanalytical department of our laboratory by Mr J. 
Diersmann. All m.ps are uncorrected and were determined on 
a KoI?ler hot btagc. Solvents wcrc dlstilled and dried over Na. 

Alcohols were distllled or recrystalhzed before use. N- 
SulIinyl-p-tolucnesulfonamide (1) was prcpnred by a 

literature method.“’ 
N-( 7Liplr~~ri\~/~nc~rl11~~l-p-~~~/~~~1~,\~~~~~~~~1~~~ (2). The general 

procedure for the reactions of I with alcohols to give N- 

subbtitutcd p-tolucnesulfonamides is lllustratcd by this and 

the next reaction. To a dry. j-necked r.b. llask fitted wtth N, 
inlet. stirrer and reflus condenser. were added I (651 mg. 
3 mmol). triphenylmcthanol (780 mg. 3 mmol) and toluenc 

(15 ml). The soln was heated and stlrred al 1 10 under N, for 
6 hr and then cooled in ice. The white crystals of 2 were 
collected by filtration. wjelght I.04Oy (84”,,). m.p. 225 235 
Rccryqtalllzatton from tolucnc afforded pure 2. m.p. 
241 242 : lit.‘. 241 242 ; m.m.p. and IR spectra identical. 

N-(2-Rltrrm I)-p-rc~lftc,r~c~.\ctI/onctnl,de (7) clt~d N-( I-mc,rh\./- 

2-p,op~~~1~~1)-p-ro~r~mc~.~rc/~ontrti1idt~ (Xl. A soln of I ( 1302 mg, 
6mmol). 2-buten-l-01 (432 mg. 6mmol1 in tolucne (30ml) 
was heated and stirred under N, at 90 for I6 hr. Lpon 

coollnp at 0 6 (425 mg. 4 I “,, I precipitated. identified by m.p.. 
IR and NMR. The residue was chromatographcd on a silica 

gel column using ether-petroleum ether (311 J as cluent. A 
fraction amounting to 4 15 mg (3 I ‘I,,) was shown by N MK to 
be a 55:45 mixture of 7 and 8. Recrystalli7atlon from cthcr 
pcntanc at - 20 gave pure 7. m.p. 62 63 . (Found: C’. 5X.54: 
H. 6.69: N. 6 25: S. 14.24. C‘alc. for C, ,H, ,NO>S: (‘. 5X 64; 

H, 6.71. ft. 6.12; S. 14.‘3’,‘,,1. 
Another fraction from the column amounted to I36 mg of6 

(a total of 561 mg. 55”,,). 

h’-(p-7o~lfr~~l~.\lf//f~~l~~/l~f~l;~fJ)-~-p~~~~fl~~/~~uf~~t~~l~/.\I~~//~l~ ( I I ). 
A soln of I (1.302p. hmmol). Y-phcnylfluorenol Il.54Xg. 
6 mmol) and toluenc (30 ml) was stirred under h’, and hcatcd 
at 65 for I hr. After cooling in ice 2.21 g (%‘I,,) of I I was 
collected by filtration. m.p 145. I50 Rccrystalhzatlon from 
mcthylenechlorldc-ether-pcntane aRorded pure product. m.p 
I50 (t.bund. C. 65.72: H. 4.46: N. 2YI; S. 13.30. (‘ale. for 

Cz,,Hz,NO,SL; c‘. 65.66: H.445; N. 295: S. l..477,,,. 
Cf~frc~rr~if~~i o/ I I ro 4. A bolii of I I (238 mg. 0.5 mmoll in 

toluene (IOml) was heated (1 10’1 and stirred for 4X hr. 
RcmoLal ofsolbent under reduced prcssurepavc 203 rng (YY”,,) 

014. ldcntlcal with 4 prepared at high tcmperaturc (Table I) 
from I and Y-phcnylfluorrnol. 

E//II-/ Y-phc~/~!./~rtr~r(,~~./ crhcr (21 ). A soln of I I (476 mg 

I mmol) In EtOlI (5ml) and toluene (5ml) was stirred for 
I6 hr at X0 Lpon cooling80 mgof6uasfiltercdoff. Removal 
of solkent from the filtrate gave a reslduc which upon 
chromatography over 51l1ca gel with 3: I ether, petroleum 
ether as cluent afforded another 60 mg [total I40 mg. 82”,,) of 
6and lYOmgof2l Recrystallization fromether’pentancpa\r 
16Omg (56”,,) of pure 21. m.p. I I2 II4 [Found C. 87.X7; Ii. 
6.27. Calc. for C,,H, “0: C’. XX.1 I : H. h.29”,). 

Dincwpcw~ 1 .\u1/trc (14). This represents a general 

procedure for those alcohols which gave sullitcs A soln of I 
(651 mg. 3 mmol I and neopcntylalcohol (52X mp. 6 mmvl) In 
tolucne (I5 ml) was stirrsd under K, for I6 hr at 90 Cooling 
to 0 caused the precipltatlon of 4X?mg (94”,,) of 6. 
Concentration of the filtrate ;rfIordetl490 mg (74 I’,,) of oil 14, 

which wab identltied by NMR. IR. and mdcpcndent synthesis 
(see bclowl IR (neat): \‘,,,,, 1270 (S = O)cm-‘. ‘H-NMR: 
ci O.YH (3. 1 XH 1. 3.67 (5. 4H I. 

An Independent synthesis2’ ” of I4 was c&ted by 

dissolving neopentvl alcohol (2.2 g. 0.025 mmol) and pyridine 
(2.05 g. 0.025mol)-in dry ether (5mll and adding a soln of 

SOC12 ( 1.5~. 0.0725 mol) in dry ether (5 ml 1 at - IO’. After 

I hr of stirring the pyridine. HC‘I was filtered off and the 

ftltratc concentrated The residual oil was identical by NMR 
and IR to I4 prcparcd above. 

Rcnr.fron o/ I b~rrl~ flurlrc,nc>/. Afler heating and sttrrlng a 
SoIn of I (651 mp. 3 mmoll and Ruorenol 1546 mg. 3 mmoll in 

tolucne (20 ml I at 1 IO for 5 hr and then cooling at 0 .450 mg 
(XX “,,) of 6 was filtered off Concentration of the filtrate under 
reduced pressure pave a residue which was identified as IX” 
by its NMR ci 5.92 (5. 2H). 7.1 7.8 (m. 16H). 

l.l-D/plr~~,~~lerl~cne (19). .A soln of 1 (651 mp. 3mmol) and 

dlphenylmcthylmethanol (594 mg. 3 mmol) in toluene (I 5 ml) 
was hratcd and stirred for 20 hr at I IO I;pon cooling at 0 

5Oomg (97”,,lof6prccipitatedand wascollccted byliltratlon. 
Concentration of the filtrate aliorded 507 mg of a yellow oil 
which was Identlficd by h’MR as I9 [i,5.4? (s. ?HJ. 7.2X (q. 

IOH)‘. 
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