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Abstract-The addition of a ui n-butvlstannvl radical to arene and heteroarene sulfonate 
ester* of hornopropugyl alcohol rriggrrs 3 scquence of [ I.< cpo-whrt~tution folloucd hy 
6-endo additlon and elirninat~on to ylcld unucud ?-ar!l-S.6-d1h!dro-1.2-oxath~~n-2 2-  
dioxides and related heterocyclic systems. 

We have recently demonstrated in a series of communicationsl-3 that intramolecular free radical ipso- 

substitution4 of a suitably constituted sulfonyl substituted aromatic or heteroaromatic derivative by a 

second orrho-substituted aryl radical is a viable approach for the synthesis of biaryls and their 

heterocyclic congeners. As illustrated in a generalised form in Scheme 1, the successful implementation 

of such a strategy for biaryl synthesis (Z = orrho substituted aryl radical) requires that the reaction 

pathway is directed via a spirocyclic intermediate capable of rearomatisation and that the alternattve 

direct addition pathway is suppressed. As might be anticipated, the nature and number of the atoms (X,Y) 

in the tethering chain and the location and electronic character of the substituents (R) on the sulfonyl 

substituted acceptor ring play a vital role in determining the outcome of these reactions. 

Direct addition 

Scheme 1 

Such a strategy need not of course be restricted to the formation of biaryls, and it was therefore of interest 

to study the behavior of vinyl radicals (Z = vinyl radical) in such systems, with a view to assessing the 

potential of this approach for the construction of substituted styrene derivatives. We now report, in full 

detail.5 on the unexpected outcome of a series of prototypical reactions of this class. 

Dedicated with respect to the mernON of Professor Shun-ichi Yamada 
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In the first instance, as shown in Scheme 2, we elected to use the elegant protocol established by Stork6 

for the generation of vinyl radicals 2 by reversible addition of tri-n-hutylstannyl radicals to alkynes. 

Readily prepared arenesulfonate esters of homopropargyl alcohol 1 were accordingly selected .as 

substrates in the anticipation that the [1,6] ipso-substitution pathway via spirocycles 3 would be favoured 

over the potentially competitive [1,7] addition process to the aromatic ring. To our initial surprise 

however, the subsequent extrusion of sulfur dioxide from radicals 4 to furnish functional~sed vinyl 

stannanes was not observed, and the chosen alternative featured a 6-endo trig addition-elimination 
sequence as shown to provide $-aryl cyclic a,$-unsaturated sultones 5. From a kinetic standpoint, it 1s 

tempting to speculate that the relatively slow loss of sulfur dioxide from intermediates 4 parallels the 

known reluctance' of alkoxycarhonyloxy radicals (ROC02.) to lose carbon dioxide (k5105 sec-1). 

Further support for the mechanistic pathway outlined comes from a detailed study by Walton8 who has 

observed preferential 6-endo cyclisation of the pentenesulfonyl radical. 

1 
n u  '''1;; / SnBu3 

R 
-BusSn' 

C-- 
/ - / 

R2 
R2 4 

Scheme 2 

The results for a variety of aromatic substrates are shown in Table 1, and reveal that the above process 

constitutes a general route to the 5,6-dihydro-l,2-oxathiin-2,2-dioxide unit. To the best of our knowledge, 

only two isolated e ~ a m ~ l e s ~ . ~ ~  of this unusual class of heterocycle at such an oxidation level are known, 
and neither of these possess the $-aryl functionality present in 5. From a practical viewpoint, although 

reactions were carried out by slow motor-driven syringe addition of tri n-butylstannane containing AIBN 

as initiator to the substrate, simple hydrostannylation of the alkyne was, in all cases, the major competing 

reaction. Thus, although the overall transformation of 1 to 5 may be considered as a tri n-butylstannyl 

radical catalysed rearrangement, the relative inefficiency of the chain propagation sequence and the 

competitive hydrostannylation reaction combine to thwart this idealised picture. Moreover, efforts to 

induce the rearrangement using hexabutylditin under photochemical conditions proved to he impracttcal 

since, although the reaction of 1 (R1 = C02Me, R2 = H) proceeded cleanly at low conversion (5 18% 

: 1 75%), prolonged irradiation led to photodecomposition of the desired product 5. In similar fashion, the 

use of tris(trimethylsily1)silane in place of tri-n-butylstannane did not offer any improvement, with 
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reaction of 1 yielding only 28% of cyclic sultone 5 and hydrosilylation as the dominant process (45%). 

The present reaction can also be applied to heterocyclic arenesulfonates, as shown by the additional 

examples in Scheme 3. In all the examples listed in Table 1 and Scheme 3, the steric and electronic 

effects of substituents sited around the sulfonyl substituted acceptor ring parallel those which we have 

Table 1 Tri n-butylstannyl Radical Rearrangement of But-3-ynyl Arenesulfonates 
Substrate R '  R2 Product Yield (%) 

la H Me 5a 35 
H 
F 

OMe 
N(Me)COMe 

Reagents: "Bu,SnH. AIBN, benzene, reflux. 

Scheme 3 
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previously outlined in the synthesis of hiaryls and heterohiaryls,2 with flanking ortho substituents being 

demonstrably powerful directors of ipso-substitution. 

Our attention was then directed towards the behaviour of the analagous N-methylsulfonamide derivatives. 

Although the replacement of the oxygen atom by the N-methyl group is, at first sight, a trivial one, our 

experience in biaryl synthesis3 has shown that the consequences may be profound. In the event, as shown 

by some representative examples in Scheme 4, the preparation of the corresponding cyclic sultams by this 

approach is of limited synthetic use, and, to our surprise, reactions proved to he extremely sluggish, even 

with continual additions of AIBN as initiator. Thus, for example, in sharp contrast to the efficient reaction 

of the arenesulfonate 1 (R1 = COzMe, R2 = H) (Table I), which possesses a favourably located o r h -  

carbomcthoxyl group, several attemps to induce reaction of the corresponding N-methylsulfonamide led 

only to substantial recovery of starting material, accompanied by trace amounts of the hydrostannylation 

product. The sulfonamide series is further complicated by the fact that the formation of amines. 

t ie 

14 (50% recovered) 

Me 
I - 

NMe2 

17 (42% recovered) 

20 (50% recovered) 

Reagents : " B U , ~ n ~ ,  AIBN, benzene, reflux 
Amines (16) (19) and (22) were isolated following protodestannylation on work up 

Scheme 4 
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which also form part of the ipso-substitution manifold, is a significant competing process. These products 

arise, either as a result of tri n-butylstannyl radical induced cleavage of the heterocyclic sulfonamide 
linkage in the product sultam,ll or at the intermediate stage following ipso-substitution and 

rearomatisation where radicals R 2 N S q .  may well lose sulfur dioxide at an appreciate rate.7 

In summary, the present sequence of reactions has demonstrated the viability of the intramolecular [1,6] 

ipso -substitution reaction of vinylic radicals to suitably constituted aromatic and heteroaromatic sulfonyl 

acceptors and also led to the discovery of a novel route to 4- ary-5,6-dihydro-l,2-oxatbiin-2,2-dioxtdes. 

EXPERIMENTAL 

General: I H  NMR spectra were recorded in CDClj unless otherwise stated at 250, 270, 300, 400 and 500 MHz o n  

spectrometers Bruker WM 250, Jeol GSX 270, Bmker AC 300, VarianVXR 400 and Bruker AM 500 respecuvely Residual 

protic solvent was used as internal reference. Coupling constants were measured in hem. 13c NMR spectra were recorded in 

CDC13 unless otherwise stated at 68. 100 and 126 MHz on spectrometers Jeol GSX 270. Jeol GX 400 and Bruker AM 500 

respect~vely, usmg the resonances of the solvent as internal reference. IR spectra were recorded on Perkin Elmer 983G. Perk~n 

Elmer 881. and Perkin Elmer 1600 FT-IR instruments. MS spectra were recorded usmg VG-7070B, VG 12-253. 

VG ZAB-E, Jeol DX303, VG TRIO-I and VG-Autospec instruments University. Melting points were determined on Reichcrt 

and Gallenkamp hat stage insuuments and are uncorrected. 

Materials: Flash column chromatography was performed on Merck Kleselgel 60 (230-400 mesh) at low positive pressul-c. 

THF and benzene solvents were distilled from sodium-benzophenone ketyl; CH2C12 from phosphorous pentoxide. Petrol 

refers to petroleum ether (bp 40-60'C). Tri-n-butylstannane was distilled prior to use. 

Preparation of 3-butynyl arene sulfonates and sulfonamides 

3-Butynyl 4-methylbenzenesulfonate ( la) .  To a stirred solution of 3-butyn-1-01 (1.04 g, 14.8 mmol) ~n dry CH2C12 (14.5 

mL) and pyridine (2.7 mL) at O0C, was added 4-methylbenzenesulfonyl chloride (4.08 g, 21.4 mmol) i n  small portmns over 5 

mm After a further 18 h, the reaction mixture was warmed to rt, El20 (45 mL) and water ( I0  mL) were added and the orpanfc 

layer was washed thoroughly with LO% aq. HCI (2 mL), sat. aq. NaHC03 (2 mL), water (2 mL) and was then dried (MpS04). 

The solvent was removed in vacuo and the res~due was purified by column chromatography (30% Et201pelrol) lo yield ( l a )  

(2  71 g, 82%) as a colourless oil; IR (neat) 3306 ( S H ) ,  1597. 1353 (SO*). 1181 ( S q )  cm-I; I H  NMR (250 MHz) 8 7 78 

(2H, d, J7.5,  ArH), 7.34(2H,d, J7.5,ArH),4.08 (2H.1, J7.2,OCH2), 2.53 (2H, dt, J2.6,  7.2, =CCH2), 2.40 (3H. s, ArCH3). 

1.97 (IH, t, J 2.6. =CH); MS m4 (El) 224 (M+), 185, 172, 91: Anal. Calcd for Cl1H1203S.  C, 58.91, H. 5.39. Found 

C. 58.81; H, 5.15. 

Methyl 2-(3-butynyloxysu1fonyl)benzoate ( lb ) .  Methyl 2-(chlorasulfonyl)benzoate (4.69 g, 20.0 rnmolj way .~ddcd 

ponionwtse. over cn. 10 min, via a solid addnion tube, to a stmed mixture of 3-butyn-1-01 (1.00 g, 14.3 mmol), DMAP 

(0.17 g. 1.4 mmol) and pyridine (2.60 mL, 32.1 mmol) in dry CH2C12 (14 mL) at 0°C. After allow!ng lo warm to 2 5 T  

the resultmg solution was left to stand overnight. The reaction mixture was then poured mto water and extracted wlth El@ 

The combined extract was washed successively with sat. aq. CuS04, water, aq 1N HCI, sat. aq. NaHC03 and hrme. The 

organic layer was dried (MgS04) and evaporated in vacuo. Purification of the res~due by flash chromatography (40.60% 

Et2OIpetrol) afforded ( lb )  (3.06 g, 80%) as a colourless oil; IR (neat) 3291 CCH), 1740 (C=O), 1366 (SO2). 1263, 1 1x6 

(S02). 976 cm-I; I H  NMR (270 MHz) 6 8.05 (IH, dd J 1.4, 7.0, ArH), 7.68 (3H, m. ArH), 4.25 (2H, t, J 7.1, OCH2). 4 25 

(3H. s, C02CH3). 2.63 (2H, dl, J2.6.7.1. ECCH~) ,  1.99 (IH, 1, J2.6.zCH); MS mh. (El) 267 (M+, I 5). 199 (100). 195 17). 
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185 (IS), 174 (5), 135 (321, 121 (7), I04 (9). 92 (12), 77 (33); Anal. Calcd for C12H1205S: C, 53.72; H, 4.51. Found: 

C. 53.58; H. 4.23. 

3-ButynylZ.4-dinuombenzenesulfomte (lc). A solution of 2,4-difluorobenzenesulfonyl chloride (1.97 g, 7.13 mmol) in dry 

CH2C12 (5 mL) was added dropwise, over ca. 10 min, to a stirred mixture of 3-butyn-1-01 (0.50 g, 7.1 mmol), DMAP (87 nig. 

0.71 mmol) and DIPEA (2.80 mL, 16.1 mmol) in dry CHzCI2 (5 mL) at -IOQC. After Id, the reaction mixture was poured into 

water and extracted with CH2C12. The combined extract was washed with brine, dried (MgS04) and evaporated bt vacun. 

Pur~fication of the residue by chromatography (30.40% Et20lpetrol) gave ( lc)  (0.84 g, 48%) as a colourless 011. IR (ncat) 

3295 ( S H ) ,  1605, 1482, 1433, 1371 (SOZ), 1279, 1187 (S02). 1151, 1125, 1078,972,908,860cm-I; I H  NMR (500MHO 6 

7.96 (IH, dt, J8 .0 ,  6.0, AIH), 7.03 (2H, m,ArH),4.27 (2H, 1, J7 .0 ,  OCHz), 2.63 (2H, dt, J2 .7 ,  6.8,rCCH2), 1.98 (IH. t ,  

J26,=CH);13~NMR(126MHz)6L66.6(dd,J11.1,259.5), 160.3(dd,J13.1,261.7), 132.7(d JI1 .0) ,  120.7(dd,J 11.8). 

112.1 (dd, J 3.3, 22.8). 106.1 (1, J 25.4). 78.0 (d). 70.9 (s), 68.5 (1). 19.5 (t); MS ndz (El) 246 (M+, 0.1). 207 (8). 177 (100). 

129 (24), 113 (40). 101 (31, 93 (31, 63 (221, 55 (191, 52 (20): Anal. Calcd for C I O H ~ O ~ F ~ S :  C, 48.78, H, 3.28. Found: 

C, 48.71; H, 3.15. 

3-Butynyl 4-methoxybenzenesulfonate (Id). Following a similar procedure as that descrtbed for LC, 4-methoxy- 

benzenesulfonyl chloride (1.92 g, 9.27 mmol) reacted with 3-butyn-1-01 (0.50 g, 7 1 mmol) for 2.5 d to gave, alter 

chromatography (30.40% EtzOIpetrol), the title compound (Id) (1.00 g, 58%) as a colourless oil; IR (neat) 3287 ( S H ) ,  1595. 

1576, 1496, 1357 (SOz), 1311, 1264, 1190, 1168 (S02), 1099, 1024, 982, 904, 835, 809, 769, 666s cm-I, lH NMR (270 

MHz) 6 7.86 (2H, d, 19.0, ArH), 7.01 (ZH, d, J9.0, ArH), 4.09 (ZH, t, J7 .1 ,  OCHz), 2.55 (ZH, dt, J 2.7, 7.l.rCCH2). 1.97 

(IH, t. J 2.7. S H ) :  MS d z  (El) 240 (M', 12). 188 (14). 171 (loo), 146 (13.). 123 (L6), 107 (36). 92 (14). 77 (20); Anal. 

Calcd for C I  1H1204S: C, 54.99; H, 5.03. Found: C, 54.95: H, 4.93. 

3-Butynyl4-(N-methylacetamido)benzenesulfomte (le). Following a similar procedure as that described for lc,  N-acetyl- 

sulfanilyl chloride (2.17 g, 9.27 mmol) reacted with 3-butyn-1-01 (0.50 g, 7.1 mmol) for 1 d to glve, after chromatography 

(3.4% M ~ O H I C H ~ C I Z ) ,  3-butynyl 4-(acetamido)benzenesu1fonate (1.39 g, 73%) as colourless crystals; mp 89°C 

(CH~Clzlpetrol); IR (neat) 3289 (NH, =CHI, 1681 (C=O), 1592, 1359 (SQ) ,  1317, 1190, 1171 (SO2). 979 cm-I; IH NMR 

(270 MHz) 67.86 (IH, s, NH), 7.84 (2H, d, J 9.0, AIH), 7.72 (ZH, d, J 9.0, ArH), 4.10 (ZH, t, J 6.8, OCH2). 2.55 (2H. dl. 

J2.7,6.8, =CCH2),2.22(3H, s,CH3), 1.97(1H, t, J2.7,=CH):MSm/z(EI)267(M+, 24). 225 (421, 198 (41). 173 (31). 156 

(49). I34 (IY), 131 (22). 108 (30), 93 (28). 92 (37h 65 (30), 43 (100); Anal. Cakd for C ~ ~ H I ~ N O ~ S .  C. 53.92; H. 4.90. 

N, 5.24. Found: C, 54.05; H, 4.86; N, 5.16. A solution of 3-butynyl4-(acetamido)benzenesulfonate (0.44 g, 1.7 mmol) in THF 

(6 mL) was added dropwise to a stirred suspension of freshly washed sodium hydride (0.12 g of a 60% dispersion in mincl-al 

011, 3.0 mmol) in THF (I mL) at 2 5 T  After ca. I h, iodomethane (1.03 mL, 16.5 mmol) was added and the resulting soluuon 

maintamed at 2 5 T  overnight. The reaction mixture was then poured into water and extracted with CH2C12 The combmed 

extract was washed with brine, dried (MgS04) and concentrated in vncuo. Purification of the residue by flash chromatography 

(7545% AcOEtIpetrol) provided ( le)  (0.26 g, 57%) as colourless crystals; mp 64.5-65.S°C (CH2Cl21petrol): IR (neat) 32x7 

(pCH), 1684 (C=O), 1593, 1496, 1360 (SOz), 1178 (SOz), 977 cm-I: I H  NMR (270 MHz) 6 7.97 (2H. d, J 8.8, ArH). 7.41 

(2H. d. J 8.6. AIH), 4.18 (W, 1. J 7.1, OCHZ), 3.33 (3H. s, NMe), 2.60 (2H, dt, J 2.7, 6.9, &CH2), 2.00 (3H. s, Me), 1.98 

(I H, I, J 2.7, g H ) ;  13c NMR (68 MHz) 6 169.9 (s), 149.3 (s), 134.5 (s), 129.4 (d), 127.4 (d), 78.2 (dl, 70.9 (s), 67 8 ( I ) ,  37.3 

(q), 22.6 (q), 19.5 (1); MS d z  (El) 281 (M', 71). 239 (74), 212 (41). 187 (68). 170(30), 148 (30). 145 (321, 122 (49). 107 (45). 

I06 (351, 105 (27). 77 (2% 43 (100); Anal. Calcd for Cl3H15N04S: C, 55.50; H, 5.37; N, 4.98. Found. C. 55.75; H. 5.48, 

N. 4.97. 
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3-Butynyl 5-(dimethylamino)-1-naphthalenesulphonat (6). Followmg a similar procedure as that descr~bed for lc. 

5-(dimethylamtno)naphthalenesulphonyl chloride (2.69 g. 9.99 mmol) reacted with 3-butyn-1-01 (0.50 g. 7.1 mrnol) for 1.5 d 

to give, after chromatography on silica gel (50-70% Et20/peuol), the title compound (6) (1.94 g, 90%) as a br~ght green 011; IR 

(neat) 3294 (=CHI, 1460, 1410, I351 (S02). 1205, 1174 (S02). 1070, 983 cm-I; I H  NMR (250 MHz) 6 8 61 (IH, dd. 

J 1.1, 8.6,ArH), 8.28(1H,dd, J 1.2,7.3,ArH),8.26(IH,d, J8.7,ArH),7.59(1H, t,J7.7,ArH),7.55(lH.t,J8.7.ArH),7.?1 

(IH, d, J7.6, ArH),4.08 (2H, t,J7,0,OCH2), 2.89(6H, s ,NMq),  2.52 (ZH, dt, J 2.7. 7.1, S C H 2 ) ,  1 87 (IH, t, J 2.8, S H ) .  

MS m/l (El) 303 (M+, LOO), 251 (55). 234 (11). 170 (54), 155 (12). 154 (18). 127 (16). 126 (8); HRMS Calcd lor 

C ~ ~ H I ~ N O ~ S :  303.0929. Found: 303.0933; Anal. Calcd for C16H17N03S: C. 63.35; H, 5.65; N, 4.62. Found. C, 63.3 I :  

H. 5.61, N, 4.51. 

3-Butynyl 3-pyridinesulfonate (8). Following a similar procedure as that described for lc ,  3-pyr~dtnesulfonyl ohlor~de 

(1.77 g, 9.99 mmol) reacted with 3-butyn-1-01 (0.50 g, 7.1 mmol) for 18 h to glve, after chromatography (50.70% 

Et20/petrol), the title compound (8) (1.10 g, 73%) as unstable colourless crystals; rnp 32.5-34T (Et20): IR (neat) 3294 

(=CHI, 1346 (SO2), 1204, 1141 (S02) crn-I: IH NMR (250 MHz) 6 9  14 (IH, dd, J0 .8 ,  2.4. ArH), 8.89 (IH, dd, J 1.6.4.9. 

ArHL8.21 (IH,ddd, J l.6,2.2,8.1,ArH),7.52(1H,ddd,JO.8,4.9,8.1,ArH),4.2i (2H,t,J6.7,OCH2),2.60(2H,dt,J2.7. 

6.9. -CCH2), 1.96 (IH. 1, J 2.6, S H ) ;  MS m/Z (El) 211 (M+, 13). 172 (14). 168 (14). 142 (47). 78 (100); Anal. Calcd for 

CyHgN03S: C, 51.17; H, 4.29; N, 6.63. Found: C, 50.98; H, 4.37; N, 6.48. 

3-Butynyl 8-quinolinesulfonate (10). Following a similar procedure as that described for lc ,  8-quinolinesulfonyl chlor~de 

(2.27 g, 9.99 mmol) reacted with 3-butyn-1-01 (0.50 g, 7.1 mmol) far 3.5 d to give, after chromatography (3.5% 

Et20/CH2C12), the tltle compound (10) (1.02 g, 55%) as colourless crystals: mp 80°C (CH2C12Ipetrol): IR (neat) 3288 (=CHI. 

1354(S02), 1175 (S02),977,790cm-I; 1~NMR(250MHz)69 .15  (IH, dd, J1.8.4.2, ArH), 8.52 (IH, dd, J 1.5.7.4, ArH). 

8.28 ( lH,dd,  J 1.8,8.4,ArH),X.I3(IH,dd, 11.4, 8.2,ArH),7.66(1H,dd, J7 .4 ,  8.0,ArH),7.57(lH,dd, J 4 . 3 ,  8.4, ArHl. 

4.51 (2H. 1. J 7.3, OCH2). 2.62 (2H. dl, J2.6, 7.3, =CCH2), 1.89 (IH, t, J 2.7, =CH); MS m/z (El) 261 (M+. 0.2). 192 (26). 

167 (51), 129 (IOO), 128 (99). 102 (16). 101 (27); Anal. Calcd for C l j H l  lN03S. C, 59.76; H, 4.24; N, 5.36. Found. C, 59.68. 

H, 4.22. N, 5.39. 

3-Butynyl 2-acetamido-4-methylthiazol-5-sulfonate (12). To a suspension of 2-acetamido-4-methylthiarol-5-aulfi~nyl 

chlor~de (480 mg, 1.86 mmol) in CH2C12 (1.5 mL) at O T  were added 3-butyn-1-01 (465 pL, 6mmol) and pyrldme (0.5 mL) 

over 5 min. The mixture was then stirred for 7 h at R and allowed to stand for 2 d. Water was added and thc mtxturc wni 

extracted with CH~CIZ.  The combined extract was washed with sat. aq. CuS04 and water, dried (MgS04) and cancentrated r , ,  

~oclio to give the title compound (12) (320 mg, 44%) as a pale yellow solid; mp 141-143°C; 1R (KBr) 3280 (=CH). 3 144 

(NH), 1361 (SOZ), 1175 (SOz), 910, 785 cm-I; I H  NMR (400 MHz) 69.24 (IH, br s, NH), 4.21 (2H, t, J 6.8. OCH2). 2.61 

(2H. dt, J 2.6, 6.8, =CCH2), 2.58 (3H. s), 2.31 (3H, s). 1.99 (IH, I, J 2.7, C H ) ;  I3c NMR ( C D g N ,  100 MHz) 6 16.9, 19.7. 

22.9, 69.9.71.5, 80.3, 117.9, 156.6, 161.4, 170S;MSdz(FAB)289(MH+, 100). 237(10), 195 (18). 155(16). 154(40). 137 

(31 1. 136 (41). 107 (19); HRMS Calcd for C I O H L ~ N ~ O ~ S :  289.0317. Found: 289.0330. 

N.(3-Butynyl)-NA-dimethyl-benzenesulfonamide (14). Following a s~milar procedure as that described for LC, 4-methyl- 

ben~enesulphonyl chloride (8.0 g, 42 mmol) reacted with 3-buty"-I-amine12 (2.4g. 35 mmol) to gwe, after chromatography 

(Et20/petrol), N-(3-butyny1)-4-methylbenzenesulfonamide (70%) as white needles; mp 89-93T; IR (neat) 3286 (=CH, NH). 

1337 (S02). 1158 (SO21 cm-I; L~NMR(400MHz)67 .78  (2H,d, J8.0, ArH), 7.35 (2H.d. J 8.0, ArH), 4.82 (IH, br. s, NH). 

3.13 (2H. dt, J 7.6, 2.7, NCHz), 2.45 (3H, s, ArCH3). 2.37 (2H, dt, J 7.5, 2.6, &CH2), 2.02 (IH, t, J 2.6, -CHI, MS ,id: 

(FAB) 223 (M+, 24), 185 (100). As described in the preparauon of l e ,  the N-methylation of N-(3-butynyl~-4- 

methylbenzenesulfonamide afforded, after chromatography (Et20/petrol), the title compound (14) (98%) as a yellow 1111. 
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IR (neat) 1598, 1457, 1340 (SOz), 1161 (S02), 959 cm-I; I H  NMR (400 MHz)6 7.65 (2H, d, J 8.0, ArH). 7.30 (2H, d. J 8.0. 

ArH, 3.19 (ZH, 1, J7 .3 ,  NCHz), 2.79 (3H, s, NCH3). 2.44 (ZH, dLJ2.6, 7.5, NCHz), 2.41 (3H, s, ArCH3). 1.97 (IH, 1, J 2  6.  

C H ) ;  Anal. Calcd for C ~ ~ H ~ ~ N O Z S :  C, 60.73; H, 6.37; N, 5.90. Found: C, 60.82; H, 6.34; N, 5.93. 

N-(3-Butynyl)-N-methyl-5-dimethylamino-l-naphthdenesulfonamide (17). Followmg a s im~la r  procedure as that 

described for lc,  5-(d~methylamino)naphthalenesulphonyl chloride (1.95 g, 7.21 mmol) reacted with 3-butyn-I-aminel* 

(0.50 g. 7.2 mmol) for 1 d to give. after chromatography (40.50% Et20lpetrol). N-(3-butynyl)-5-d1mcthylam1no-l- 

naphthalenesulfonamide (2.18 g. 100%) as bright yellow crystals; mp 123-124T (CH2CI21pemol); IR (neat) 3280 ( C H ,  NH). 

1312 (SOz), 1142(SO2), 789 cm-I; IH NMR(270MHz) 6 8.56 (IH, d, J8.6,  ArH), 8.28 (IH, d, J 8.6, ArH), 8.26 (IH, dd, 

J1.2,7.1,ArH),7.57(IH,t,J7.6,ArH),7.53(1H,t,J7.6,ArH),7.19(1H,d,J7.6,ArH),4.98(IH,t,J6.4,NH),3.06(2H. 

q. J 6.6, NCH2). 2.89 (6H. s. NMe2). 2.29 (2H. dl. J 2.7.6.6. ICCHZ). 1.90 (IH. I. J 2.7, S H ) ;  MS m/z (El) 302 (M+, 80). 

171 (98). 170 (100). 154 (23), 127 (ZI), 85 (9); Anal. Calcd forC16H18N202S: C, 63.55, H, 6.00; N, 9.26. Found: C, 63.22: 

H, 6.03; N, 9.12. As described in the preparation of l e ,  the N-methylation of N-(3-butynyl)-5-dtmethylam~no-I- 

naphthalenesulfonamide (0.50 g, 1.7 mmol) afforded, after chromatography (50% Et20/petrol), the title compound (17) 

(0.52 g. 100%) as a bright green oil; 1R (neat) 3288, 1328 (SOz), 1143 (SOz). 794, 622 cm-I; IH NMR (270 MHz) 6 8.55 

(lH,dd,J1.0,8.5,ArH),8.33(1H,d,J8.8,ArH),8.18(1H,dd,J1.2,7.3,ArH),7.55(1H,t,J7.7,ArH),752(lH,t,J79. 

ArH), 7.18 (IH, d,  J 7.6, ArH), 3.42 (ZH, 1. J 7.1, NCHz), 2.93 (3H, s, NMe), 2.88 (6H, s, NMez), 2.47 (2H, dt, J 2 7. 7.3. 

rCCH2). 1.94 (IH;t, J 2.7, K H ) ;  MS m/z (El) 316 (M+, 34). 277 (9). 171 (53), 170 (100). 168 (18). 155 (1 I ) ,  154 (141, 127 

( 13); HRMS ~a lcd ' fo r  ~ 1 7 ~ 2 0 ~ 2 0 2 ~ :  316.1245. Found: 316.1237. 

N-But-3-ynyl-N-methyI-8-quinolinesulphonamide (20). Followmg a slmllar procedure as that dcscr~bed for le, 

8-qu~nolinesulphonyl chloride (2.31 g, 10.1 mmol) reacted with 3-buty"-I-amine12 (0.50 g. 7.2 mmol) for 2 d to give. a f ia  

chromatography on silica gel (gradient elution; 90-10090 Et20/petrol), N-(3-butynyl)-8-quinolinesulphonamide (1.37 g, 73%) 

as beige needles; mp 121.5-122.5T (CH2Cl;lpetrol); lR (neat) 3292 (=C-H, NH), 1321 (SOz), 1165, 1146(S02), 1080. 835. 

790cm-I; ' H N M R ( ~ ~ O M H Z )  69.03 ( lH,dd,  J1.7,4.4, ArH), 8.43 (1H.dd.J 1.5, 7.3,ArH), 8.29 (IH, dd, 1.7, 8.3, ArH). 

8.07 ( IH,dd,  J 1.2,8.1,ArH),7.66(IH, t ,J7.3,ArH),7.57(IH,dd, J4.2,8.3,ArH),6.71 (IH, t, J6 .4 ,NH).  3.07(2H.q. 

J6.6,NCH2),2.33(2H,dt,J2.7,6.6,=CCH2), 1.83(1H, t ,J2.7,?CH); 1 3 ~ N M R ( 6 8 M H z ) 6 1 5 1 . 3  (d), 143.3 (s), 137.1 

(dl, 136.1 (s), 133.4 (dl, 131.1 (d), 128.8 (s), 125.8 (d), 122.4 (d), 80.7 (s), 70.3 (d), 42.4 (t), 19.7 (1); MS ,TI/; (El) 259 (M+. 

0.21, 221 (100). 192 (421, 129 (62). 128 (79). 102 (14). 101 (16), 77 (10); Anal. Calcd for C13H12N202S' C. 59.98; H. 4.65. 

N, 10.76. Found: C, 59.76; H, 4.60; N, 10.72. As described for the preparat~on of l e ,  the N-methylation of N-(3-butynyll-8- 

quinolinesulfonamide (0.43 g, 1.7 mmol) afforded, after chromatography (70.90% Et201petrol). the tltlc compound (20) 

(0.45 g, 100%) as a colourless oil; IR (neat) 3270 (=C-HI, 1328 (SOz), 1160, 1140 (SO21 cm-I; I H  NMR (270 MHz) 6 9.06 

(IH. dd. J 2 . 0 ,  4.4.ArH). 8.50(IH,dd, J 1.5. 7.3, ArH). 8.24 (lH.dd, J 1.7. 8.3, ArH), 8.03 (IH, dd. J 1.2, 8.3. ArH). 7.62 

(IH, 1, J 7.3, ArH), 7.52 (IH, dd, J 4.4, 8.5, ArH), 3.63 (2H. 1, J 7.1, NCH2), 3.03 (3H, s, NMe), 2.51 (2H, dt, J 2.7, 7 6. 

GCCH~),  1.94 (IH, t, J 2 . 7 , C H ) ;  MS m/z (El) 275 (MHC, 0.1), 235 (20). 192 (39), 129 (100). 128 (67) 101 (14); Anal. Calcd 

for C I ~ H ~ ~ N Z O ~ S :  C, 61.29; H, 5.14; N, 10.21. Found: C, 61.51; H.4.97; N.9.91. 

Isomerbation of arene sulfonates and sulfonamides; General procedure: 

A solut~on of AIBN (0.15 g, 0.9 mmol) and tri-n-butylstannane (0.24 mL, 0.9 mmol) in benzene (9 mL) war mtroduced iwcr 

15 h, via uniform motor-driven syringe addition, to a rapidly sttrred solution of the sulfonate (0.9 mmol) !n benzene (18 mL) 

at 80°C. After a further 1-6 h, the reaction mixture was allowed to cool to 2 5 T  Procedure A: The reaction mixture was 

concentrated in vacuo. Procedure B: Carbon tetrachloride (5 mL) and a few crystals of lodine were added untlla persistent 



HETEROCYCLES, Vol. 46,1997 531 

famt colouration was observed. The reaction mixture was then evaporated in vacuo, diluted with AcOEt (20 mL) and slmed 

vigorously with sat. aq. KF (10 mL) for 0.5 h. After fillratlon, the organic layer was separated and the aqueous phase i - c ~  

extracted with AcOEt. The combined organic layer was washed with brine, dried (MgS04) and evaporated r n  vrrcrro 

Procedure C: The solvent was removed in vacuo and the residue was dissolved in 10% AcOH in MeOH (20 m L )  

After refluxing for 35 mln, the mixture was cooled to rt, neutralised by addition of sat. aq. NaHC03 (40 mL) and then 

extracted w~th  Et20, and then procedure B. 

5,6-Dihydro-4-(4-methylphenyl)-l2-oxathiin-SJ-dioxide @a). Following the procedure C from la,  purif~catlon of the 

residue by chromatography (10.60% Et20lpeuol) furnished, in order of eluuon, 3-butenyl4-methylphenylsulfonate (50%) as a 

colourless oil; IR (neat) 3082, 2982, 1639, 1598, 1357. 1307. 1291, 1189. 1176, 1096. 101 1, 964, 878. 814 am-I. lH NMR 

(250 MHz) 6 7.79 (ZH, d, J 8.7, ArH), 7.34 (2H, d, J 8.7, ArH), 5.68 (IH, m, =CH), 5.07 (2H, m, =CH2), 4.06 (2H, 1, J 7.6. 

OCH2). 2.45 (3H, s, ArCH3). 2.37 (2H, m, =CCH2); MS m/t  (El) 226 (M+), 185, 172. 155, 91; HRMS Calcd lor 

C I  1H1403S: 226.0664. Found: 226.0667; Anal. Cacd for C I  1H1403S. C, 58.39; H, 6.24. Found: C, 58 42: H, 6.19; and lhe 

aultone (5a) (35%) as a colourless oil; IR (neat) 1065, 1510, 1464l, 1342, 1162 cm-I; I H  NMR (250 MHz) 6 7 34 (ZH, d, J 8.9. 

ArH), 7.25 (2H, d, J8.9, ArHh6.73 (IH, 1, J 1.4, =CH), 4.87 (2H, t, J6.2.OCH2). 2.90(2H,dt,J5.8, 1.8, =CCH2), 2.39 (3H. 

s, ArCH3); MS mh (€1) 224 @I+), 160,142,128, 115; HRMS Calcd for C1 ~H1203S: 224.0507. Found. 224.0512. 

Methyl 2-(5.6-dihydro-lJ-oxaUIiin-4-yl)henzoate-SS dioxide (Sh). Following the procedure A from l b ,  puriftcatlon o l  thc 

residue by chromatography (40.50% Et~OIpetrol) provided. In order of elution, the methyl 2-[(4-tr1butylstanny1-3- 

butenyloxy)sulphonyllbenzoate (22%) as a colourless oil; IR (neat) 2955, 2923, 1739 (C=O), 1366 (SOz), 1294, 1183 (SO?) 

cm-I: I H  NMR (500MHz) 6 8.02 (LH, dd, J0.8, 7.8,ArH). 7.66(3H, m, ArH), 6.03 (IH. dl, J 19.0, 1.3, =CHSnl, 5.84 (IH. 

dl, J 19.0,6.1, =CH), 4.20 (2H, 1, J7.0, OCHz), 3.96 (3H, s, COzMe), 2.54 (2H, m, =CCH2), 1.46 (6H, m), 1.28 (6H, mi, 0.88 

(15H); MS d z  (CI, NH3) 578 (M+NH3+ (IZOsn), 19). 576 (M+NH3+ ( l18~n) ,  23), 561 (MH+ ( 1 2 0 ~ n ) ,  821, 559 (MH+ 

I8sn), 641, 503 (28). 501 (22). 308 (901.306 (72). 299 (491, 288 (100). HRMS Calcd for c ~ ~ H ~ ~ o ~ s ( ~ ~ ~ ) s ~ .  561 1697. 

Found: 561.1700; Calcd for C ~ ~ H ~ I O ~ S ( ~ ' ~ ) S ~ :  559.1691. Found: 559.1690; and the sultone (5b) (61 %I as colourle\\ 

needles; mp 130.5-131.5"C (CH2C12IEt20); IR (neat) 1712 (C=O). 1345 (S02). 1304, 1280, 1250, 1167 (SO2). 969. 

885cm-'. l ~ N M R ( 2 5 0 M H z ) 6 8 . 0 5  (1H,dd, J 1.4.7.6.ArH), 757(IH,dt ,  J 14,7.6,ArH),7.50(IH,dt. J 1.4, 76,ArHl. 

7.23 (IH, dd, J 1.4, 7.6, ArH), 6.30 (IH, 1, J 1.7, =CH), 4.90 (2H, 1, J5.5, OCHz), 3.91 (3H, s, COzMe), 2.72 (2H, dl. J 1.7. 

5.5. =CCHz); I3c NMR (126 MHz) 8 166.0 (s). 152.1 (s), 139.4 (s), 132.9 (s) 131 1 (s), 129.3 (s), 128 5 (r ) .  128.0 ( s i .  12 1.3 

(5). 69.6 (11, 52.5 (q), 30.7 (1); MS m/Z (El) 237 (M+-OMe, 0 6). 174 (100) 159 (27). 131 (19), 115 (22). 77 ( 8 ) .  Anal. Calcil 

for C12H1205S: C, 53.72; H, 4.51. Found: C, 53.79; H, 449. 

4-~2,4-Difluoropheny1)-5,6-dihydro-1,2-oxathiinS-dioxide (5e). Following the procedure A from Ic, purlftcauon ol  the 

resldue by chromatography (55% EtzOIpetrol) afforded the sultone (5e) (39%) as colourless crystals. rnp 120.5-122.S9C 

(CH2C12Et20); IR (neat) 1725, 1618, 1505, I348 (S02), 1288, 1167 (S02). 1144, 974, 889, 855 cm-l; I H  NMR (270 MHfI 

67.30(IH, m,ArH),6.93(2H,m,ArH),6.68(1H, 1, J 1.8,=CH),4.85 (2H. t, J5.6,OCH2),2.89(2H,dt. J 10. 56.=CCH?i. 

MS f~r/z(EI) 246 (M+. 69). 182(16), 165 (331, 164 (501, 153 (38). 152 (24). 151 (loo), 149 (IX), 139 (23). 138 (18). 133 117). 

127 (21). 75 (1 1); HRMS Calcd for C I O H ~ O ~ F ~ S  : 246.0162 Found: 246.0166. 

5,h-Dihydro-4-(4-methoxyphenyl)-lJ-oxathiin-S-dioxide (5d). Followmg the procedure A from id. pur~fication of thc 

rcstdue by chromatography (15.30% Et20lpetrol) gave, in order of elution, the [4-tributylstannyl-3-butcnyI) 4-melhimy~ 

bcnzenesulfonate (40%) as a colourless oil; IR (neat) 2957,2925, 1598, 1363 (~021,  1263, I 170 (~021,  970 ornil. I H  NMR 

(500MHz) 67.85 (2H,d, J8.9,ArH),7.00(2H.d. J8.9,ArH),5.99(1H.d, J19.0,=CHSn), 5.79 ( lH,dl ,  J I9 0, 6.l ,=CHi. 

4.06 (2H, 1, J 6.9, OCHZ), 3.88 (3H, s, OMe), 2.47 (2H, d, J 7 . I .  =CCH2), 1.45 (6H, m), 1.28 (6H, m), 0.88 (15H. m); MS ,id; 
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(El) 475 (M+-CqHg, 100). 421 (50), 307 (69), 227 (45). 161 (42). 107 (20). 92 (20). 77 (25); HRMS Calcd l ~ r  

c ~ ~ H ~ ~ ~ ~ s ( ~ ~ ~ ) s ~ :  533.1748. Found: 533.1750; Anal. Calcd for C23H400SSn: C, 51.99; H, 7.59. Found. C, 51.74: H, 7.88, 

the starting suifonate (Id) (15%); and the sultone (Sd) (8%) as colourless needles; mp 109-109S°C (CH2Cl~Et20). IR (neat) 

1339 (S02). 1160 (S02) cm-I; IH NMR (270 MHz) 6 7.39 (ZH, d, J 8.8, ArH), 6.94 (ZH, d, J 8.8, ArH), 6.67 (IH, 1, J 1.7. 

=CH),485 (ZH, 1, J5,8,OCH2), 3.85(3H,s,OMe),2.88(2H,dt, J 1.7, 5.9, =CCH2), MS nJz(EI)240(M+, 811, 176(13l. 

159 (24), 148 (23). 147 (23). 133 (29), 115 (37). 103 (43). 91 (18). 77 (38); HRMS Calcd for C11H1204S: 240.0456. Found. 

240.0456; Anal. Calcd for CllH1204S: C, 54.99; H, 5.03. Found: C, 54.76; H, 4.98. 

N-[4-(S,6-Dihydro-1,2-oxathiin-4-y1)pheny]-N-thy1aceid-S-dioxide ( 5 ) .  Followtng the procedure A from le. 

punficatmn of the residue by chromatography (80.100% AcOEtIpetrol) furnished, i n  order of elution, the [4-tnbutylstannyl-3- 

hutenyll 4-(N-methylacetamido)benzenesulfonate (34%) as a colourless 011; IR (neat) 2926, 1672 (C=O), 1595. 1496, 1461. 

1369 (S02). 1185 (S02), 967, 917,658 cm-I; I H  NMR (270 MHz) 6 7.95 (2H, d, J 8.8, ArH), 7 39 (ZH, d, J 8.5, ArHl, 6.04 

(IH, d, J i9.0,=CHSn), 5.82(IH,dt, J L8.8,6.0,=CH),4.15 (2H.1, J7.1, OCH2),3.33 (3H,s,NMe), 2.52 (2H.q. J7.1.  

=CCH2), 2.00 (3H, s, Me), 1.45 (6H, m), 1.30 (6H, m), 0.88 (15H, m); I3c NMR (126 MHz) 6 169.9 (s), 149.0 (sl, 141.5 (dl. 

133.6 (d), 133.2 (d), 129.2 id), 127.3 (d), 69.9 (t), 36.8 (q), 28.9 (t), 27.1 (I), 22 5 (q), 13.6 (q), 9.3 (1): MS r d ;  (CI, NH3) 574 

(MH+, 100). 516 (33). 440 (12). 308 (31). 284 (26), 150 (30); HRMS Calcd for c ~ ~ H ~ ~ N o ~ s ( I ~ ~ ) s ~ :  574.2013. Found. 

574.2010; Anal. Calcd for C25H43N04SSn: C, 52.46; H, 7.57; N, 2.45. Found: C, 52.43; H, 7.79; N, 2.68; the stnrtlng 

sulfonate (le) (6%); and the sultone (5e) (19%) as a low melting sol~d; mp -51-6I9C; IR (neat) 1656 (C=O), 1346 (SOZ), I I65 

(S02)cm-I; I H  NMR (270 MHz) 6 7.49 (ZH, d, J8.6, ArH), 7.28 (2H, d, J 8.5, ArH), 6.77 (IH, t, J 1 5, =CHI, 4.89 (2H. I. 

J 5.6, OCHz), 3.29 (3H, s, NMe), 2.91 (ZH, dt, J 1.7, 5.6, =CCH2). 1.93 (3H, 5 ,  Me); MS m/z (EI) 281 (M+. 44). 239 (1011). 

158 (22). 144 (27). 130 (21). 115 (30). 77 (16). 56 (72); HRMS Calcd for C ~ ~ H I ~ N O ~ S '  281.0722. Found: 281.0722: Anal 

Calcd forC13HlgNO4S: C. 55.50; H, 5.37; N, 4.98. Found: C, 55.33; H, 5.66; N, 5.30. 

5-(5,6-Dihydro-1,2-axathiin-4-yl)-N,N-diethy1-1-phthalenein-S-diid (7). Followtng the proccdurc B from 6. 

purlftcatlon of the residue by chromatography (35.60% Et20Ipetroi) furnished the sultone (7) (74%) as pale green needles; rnp 

144°C (CH2C12Et20); IR (neat) 1583, I348 (SOz), 1164 (SO21 cm-l; I H  NMR (250 MHz) 6 8.32 (IH, dd, J 1 . 1 .  8 6, ArH). 

7.47(3H,m.ArH),7.30(1H.dd,J1.3,7.1,ArH),7.13(lH,dd,J3.1,5.4,ArH),6.62(1H, t,J1.9,=CH).494(2H,1,J5.7. 

OCHz), 2.90 (8H, m, =CCH2, NMeZ); 13c NMR (I26 MHz) 6 151.6 (s), 150.1 ( s ) ,  135.5 (s), 131.1 (s), 129.2 is), 127.2 (dl. 

125.9 (dl, 124.7 (d), 124.6 (d), 124.3 (dl, 118.7 (d), 114.7 (d), 68.9 (I), 45.2 (I), 30.7 (I); MS rn/z(EI) 303 (M+, 231, 209 (831. 

208 (100). 194 (16). 165 (83); Anal. Calcd for C16H17N03S: C, 63.35; H, 5.65; N, 4.93. Found: C, 63.63: H, 5.58; N, 4.93. 

3-(5,6-Dihydro-1,2-oxathiin-4-yl)pyridineS-dioxide (9). Following the procedure A from 8, purificat~on of the res~duc hy 

chromatography (15% Et20lCH~C12) furnished, in order of elut~on, the starting suifonate (8) (26%): and the sultone (9) 

(24%); mp >230°C (CH~CI~lpetrol); IR (neat) 1329, 1198, 1159, 745 cm-l: I H  NMR (250 MHz) 6 8.71 (2H. m, Z~H, ArHt. 

7.75(lH,ddd,J1.5,2.3,8.0,ArH),7.40(1H,ddd,J0.7,4.8,8.1,ArH),6.80(IH,t,J1.8.=CH),4.90(2H,t.J5.8,OCH~l. 

2.92 (2H, dt, J 1.8, 5.7. =CCHz); I3c  NMR (126 MHz) 6 151 6 (d), 147.0 (d), 145.2 (s), 133.3 (d), 131 8 (a),  123.8 (dl, 122.2 

(d). 68.4 (t), 27.1 (t); MS dz(E1)  211 (M*, loo), 149 (II),  130 (49), 129 (47), 118 (29). 117 (29), 104 (191, 103 (1 I ) ;  A n d  

Calcd for C9HgN03S:C, 51.17; H, 4.37; N, 6.40. Found: C, 51.03; H, 4.37; N, 6.40. 

8-(5,6-Dihydra-1,2-oxathiin-4-yl)quinoline-S-dioxide (11). Following the procedure A from 10, purification of the residue 

hy chromatography (90% EtzOIpetrol) afforded the sultone (11) (57%) as colourless plates, mp 1 7 0 T  (decamp) 

(CH2C12lpetml); IR (neat) 1338 (SQ) ,  1159 (SO2) cm-I; IH NMR (250 MHz) 6 8.90 (IH, dd, J 1.8.4 2, ArH). 8.20 (IH. dd. 

J18.8.4,ArH),7.89(1H,dd,J1.8,80,ArH),7.63,(1H,dd,J1.7,7.1,ArH).7.55(IH,t,J7.9,ArH),7.46(lH,dd,J4.2. 
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8.3. ArH), 6.73 (IH, t, J 1.8, =CH), 4.96 (2H. 1, J 5.7, OCH2). 3.31 (ZH, dl, J 1.8, 5.7, =CCH2), I3c NMR (126 MHL) 

6 151 3 (s), 1503(d),  1457(s), 136.8(s), 136.3(d), 130.0(d), 128.7(d), 1284(s),  126.2(d), 123.3 (d), 121.7(d),695(1).  

29.9 (1); MS mh (El) 261 (M+, 0.9), 167 (100). 154 (1 1); Anal. Calcd for C13Hl lNO3S: C, 59.76; H, 4 24; N. 5.36. Found. 

C59 .75 ;  H, 4.04; N, 5.28. 

2-Acetamido-S-(S,6-dihydro-lJ-o~~thiin4-yI)4-methyIthiazoIe-S-dioxide (13). Following the procedure B from 12. 

purification of the residue by chromatography (30-100% AcOEl/petrol) furnished, in order of elution, the starting sulfonatc 

(12) (35%); and the sultone (13) (43%); mp >250°C (decamp); IR (KBr) 3140 (NH), 1562, 1342 (SO2). 1166 (SO>). 

839 cm-I;  I H  NMR (300 MHz, DMSO) 8 6.98 (IH, s, =CH), 4.77 (ZH, 1, J 5.6, OCH2). 2.88 (2H. I. J 5 6, =CCH2). 2 40 

(3H,s) ,2  15(3H,s); 13~~~~(100MHz,DMS0)617.6,22.6,29.4,69.1, 118.2, 120.1, 141 8, 147.6. 157.4. 1700:MS ti,/: 

(FAB) 289 (MH', 100). 282 (53). I79 (32), I77 (35). I37 (41). 91 (30). 77 (35). 55 (50). 43 (47). 41 (42) 

S,6-Dihydro-4-(4-methylphenyl)-1,2-thiazin-S-dioxide (15). A solution of AlBN (0.362 g, 2.2 mmol) and trl-n- 

butylstannane (0.592 mL, 2.2 mmol) in benzene (6 mL) was introduced aver 13 h, via unlform motor-driven syrmge add~tmn. 

to a rapidly stirred solutton of 15 (0.475 g, 2.0 mmol) in benzene (I9 mL) at 8 0 T .  After a further 3 h, the reautlon mixture was 

allowed to cool to 2 5 T .  The reaction mixture was concentrated in vacuo. The residue was dissolved in ether and treated w~lh 

2M HCI. After neutralisation with 10% aq. NaOH, the aqueous layer was extracted with ether. The comhtned extract wa\ 

washed w ~ t h  water and carbon tetrachloride was added. After 3 h, the solvents were removed in vacrro, and the realdue wa\ 

dissolved in AcOEt and stirred vigorously with sat. aq. KF for 12 h. After filtration, the organlc layer was separated and thc 

aqueous phase re-extracted with AcOEt. The combined organ~c layer was washed with brine, dried (MgSO4) and evaporaled 

irr vacuo. Purification of the residue by chromatography (Et2OIpetrol) furnished, in order of elution, the sultam (IS) (15%) a\ n 

brown oil; IR (neat) 1453, 1342 (S02). 1156 (S02), 1022 cm-I; I H  NMR (400 MHz) G 7.79 (ZH, d, J 7.5, ArH), 7 12 (2H. d. 

J 7 5, ArH), 7.1 1 (IH, s, =CH), 3.01 (ZH, m, NCHz), 2.71 (3H, s, NMe), 2.37 (3H, s, ArCH3), 2.25 (2H, m, =CCH2). 

the starting sulfonamide (14) (50%). and the amine (16) (8%) as a bright yellow oil: IR (neat) 3371 (NH). 1654. 1332. 10x3. 

cm-I;  I H  NMR (400 MHz) 87.66 (2H, d, J 8.0, ArH), 7.16 (2H, d, J 8.0, ArH), 6.86 (IH, s ,  NH), 5.32 (IH. s. =CHI. 5.09 

(IH, s, =CH), 2.92 (3H, s, NMe), 2.87 (ZH, t, J6.2, NCHz), 2.65 (ZH, t, J 5.9, =CCH2), 2.28 (3H. s, ArCH3). 

5-(3,4-Dihydro-2-methyl-lf-thiszin-5-yl)-N,N-dimethyl-l-nphthlenemie-S,Sdioxlde (18)  Fol low~ng the \ame 

procedure as that described for 15, purification of the restdue by chromatography (10.35% Et201petrol) furmshed. In order ill 

eluuon, the starting sulfonamide (17) (42%), the sultam (18) (16%) as pale green crystals, mp 145.5-151.5"C (CH2Cl21pelnd): 

IR (neat) 1325 (S02). 1145 (S02). 790 cm-I; I H  NMR (270 MHz) 6 8.29 (IH, d, J 8.6, ArH), 7.49 (IH, t, J 8.4, ArH), 7 46 

(lH.d,J8.6,ArH),7.44(1H,t,J7.4,ArH),7.29(IH,dd,J1.0,7.0,ArH),7.12(IH,d,J7.3,ArH),6.59(lH,t.J2.l,=CH). 

3.91 (2H, 1.15.9, NCH2). 3.02 (3H, s, NMe), 2.90 (6H. s, NMe2). 2.66 (2H, dt, J 2.0, 5 9, =CCH2); MS !?I/: (El) 316 (M+. 

29). 209 (51),208 (100). 194 (21). 165 (21); HRMS Calcd for C I ~ H ~ O N ~ O ~ S :  316.1245, Found: 316,1240; and the aminc 

(19) (5%) as a brown oil; IR (neat) 3378 (NH), 1452, 1581 cm-l; I H  NMR (400 MHz) 68.17 (IH, d,  J 8.6, ArH). 7.63 (IH. d. 

J7.9.ArH),7.40(IH,t,J7.0,ArH),7.36(1H,t,J7.9,ArH),7.22(1H,d,J 60,ArH),7.05(IH,d,J7.3,ArH).5.42(lH.d. 

J 1 . 1 ,  =CH), 5.13 (IH, d, J 1.7, =CH), 3.75 (2H, t, J4.5). 3.61 (ZH, 1, J4.5). 2.87 (6H. s, NMq),  2.i1 (3H. s. NMe). MS ui/: 

(FAB) 255 (MH+, 82). 212 (76). 149 (52). 95 (42), 81 (46). 69 (70). 44 (100): HRMS Calcd for Cl7Az3N2: 255.1850. Found 

255.1861. 

8-(3,4-Dihydro-2-meth~l-1,2-thiazin-S-ylquinolineS,S-dloxide (21). Following the same procedure as that descnbcd for 

IS. pur~f~cation of the residue by chromatography (10.50% Et2OIpetrol) provided, in order of clutmn. the starting su1hn:m 

(20) (50%), the sultam (21) (21%) as colourless crystals; mp 153-154T (CH2C121petrol); IR (neat) 1321 (SO>), I148 (SQ). 
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1036,961,796~m-~;~~NMR(270MHz)G8.87(1H,dd,J1.7,4.2,ArH),8.16(1H,dd,J1.7,8.3,ArH),7.84(1H,dd,Jl.7. 

7.6, ArH). 7.55 (2H.m. ArH). 7.43 (IH, dd. J4.2, 8.3. ArH), 6.63 (IH, t. J2.0, =CH). 3.91 (2H, t, J5 .9 ,  NCH2). 3.03 (5H. m, 

=CCHz. NMe); MS m/z (El) 274 (M+. 0.9), 167 (100). 154 (12); HRMS Calcd for C14H14N202S: 274.0776. Found. 

274.0780; and the amine (22) (21%) as a pale yellow oil; IR (neat) 3274 (NH) cm-I; I H  NMR (400 MHz) 6 8.92 (IH. dd. 

J 16,4.3,ArH),7.75(IH,dd,J2.0,7.53,ArH),7.58(1H,d, J1.6,ArH),7.49(1H,J4.2,ArH),7.39(2H, m,ArH),5.49(lH. 

d, J 0.9, =CH), 5.19 (IH, d. J 1.7, =CH), 3.69 (2H. m. NCH2). 3.05 (3H, d. J 2.9. NMe). 2.97 (2H, t, J 6.8. =CCH2); HRMS 

Calcd for C 14H17N2: 213.1380. Found: 213.1392 
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