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As a part of our continuing research on the potentiality of N-sulfoaylamidks as synthons iu the chemistry of 

sulfur-containing hetemcycles, we have recently developed a new synthetic pathway to substituted isothkoles. 

More specifically, base-catalyzed cyclization of N-alkylsulfonylamidines of a-ketoac& results in the easy 

production of 
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All these heterocycles inch& in their ring the N-sulfonylamidine moiety. This class of compounds occurs only 

occasionally in the chemical literatum 2-3. Notwithstanding they are uncommon, these compounds are of 

general interest because valuable phalmacological proper& ale associakd with some structurally Ielated 3- 

aminobenzothiazole- 1,l -dioxides 45. The chemical reactivity of f-aminoisothiazole-l,l-dioxides is yet 

unexplo&. From a formal point of view they can be classilkd as cyclic N-sulfonylamkks aud/orcyclic a,& 

unsaturated sulfones. Acconhng to this latter feature, reactivity with nucleophiles at the C-4, C-5 bond cau be 

expected. However, since it appeated that in the pxesent case the electron withdratig e&ct of the SO2 group 

could be overwhelmed or simply balanced by that of the N-sulfonylamidine moiety a study of the 

xegioselcctivity of the reactions with nucleophiles was deemed useful. This paper nports on the dons of 3- 

diethylamin&(4-methoxyphenyl)-isothiazok+l,ldioxide 1 with the axide ion. 

RESULTS AND DISCUSSION 

Reaction of 1 with a suspension of NaN3 in ethanol at room temperature produced quickly and in overall 

quantitative yield a mixture of four products, i. e., 2a. 2b, 3,4 in a ratio of 72 : 12 : 9 : 7 ( Scheme 2 ) . 

This ratio was established by HPLC. A chromatographic separation afforded, as pure products, 2a and 3 

which were identified as described later. The formation of product 3 containing the isothiazol*[4,5d]-t 

ring is rationalized by assuming a nucleophilic addition of the azide ion to the C-4, C-5 bond of the starting 

substance followed by ring closure ( Scheme 3 ). This reaction, though not surprising at first, appeared to be 

rather unprecedented. In fact, a good documentation exists on the chemical literature of the reactions of 

electron-poor alkenes with hydrazoic acid. Saturated azldes are invariably formed in satisfactory yields 6. As far 

as the use of axide ion is concun& it appears that this reaction has been applied only to alkynes or to electton- 

poor alkenes bearing a leaving group. In the former case a-vinylaxides, in some instances able to cyclixe to 

aromatic 1,2,3-triaxoles, are produced through addition 7. In the second instance the reaction results in 

addition-elimination producing vinyliuides or triaroles g . In the case of the reported reactions which use 

hydraxoic acid as reactant and an alcohol as solvent, no participation of the solvent itself has been observed. 

This is expected because the reaction medium is essentislly acidic. However, when sodium axide in ethanol is 

used it appears that it is a sufficiently strong base to produce in the reaction medium a reactive 

concentration of ethoxide ion which successfully competes with axide for the electron-poor double bond of the 

substrate. In good agreement with the above, another case of addition of the conjugate base of the solvent 

has been reported for the reaction of g-&no-a-phenylcmnsmaldehyde with NaN3/MeOH 9. A further 

confirmation of this situation has been obtained by titration of a saturated solution (30%) of sodium axide in 

ethanol. Two experiments using as titrating agent hydrochloric acid and silver nitrate demonstrated the 
equilibrium: N3- + EtOH = HN3 + EtO- . Though qualitative, the data recorded at room temperature 

show that the ratio is about 4 : 1 ( N3-/Et0 ). Considering the quantitative outcome of the reaction of 1 

with NaN3/EtOH it has to be assumed that the reaction of EtO- is faster l0 and this is confirmed by the 

observation, in sepamte experiments, that the formation of both 2 and 3 am irreversible reactions, at least under 

the conditions adopted In agreement with the above picture, the tea&on of 1 with an ethanolic solution of 

hydrazoic acid ( only a trace amount of sodium azide was used as catalyst ) produced the triaxoline 3 essentiahy 

free from by-products. Similarly, compound 2a was formed as the sole reaction product ( in mixture with a 

minor amount of the cis-isomer 2b ) when 1 was reacted with ethanol containing a catalytic amount of sodium 
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etboxide. No reaction was observed in absence of ethoxidc. An alternative and on the whole shortez access to 

the trimline derivative 3 was fond in the dim3 reaction of 4-chlom-4~dihydroisothiaz0le-U-dioxide 5 
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with sodium azi& in &and. As said in the introduction, compound 5 is the pnxurs~r of 1 which is obtained 
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byreactingSwithabastsuchaspoaLssium~.Itwasexpectedthatsodimnazideooaldactbothasbase 

and as n~leophile.. Notwithstanding the presence of ethanol a high yield of3 was obtained, practically no 2 

NE12 N&2 NEt2 

ilEt 

3 

Sdteme 3 

being formed. This nsult, too, fits theabove mechanistic pictnre. Since hydrogen chloride is ehmhmkd 

thereactionmediumislaotbasic,thusrulingoutthepossibilityofadditionoftheconjugahedbaseofthesolnnt 

The ability of the double bond of 1 to add nucleophilic reactants is &her confirmed by the obtention of 

compound4.The font&on af4israrionalizadbyassumingtheadditioaofthcanionof3,fonneda9thefirst 

reaction product, to the starting substrate. Only the nuns isomer was formed as confirmed by structural 

assignement ( see later ). The formation path of compound 4 was confirmed by reacting isolated 3 with 1. The 

reaction was possible only in ptesence of a catalytic amount of sodium aaide, thus evidencing the participation 

of the anion of 3. The ability of the solvent to be involved in the reaction between sodium axide and the 

isothiaxok 1 was further observed when the reaction was performed in acetone. Two main products wete 

formed and isolated by chromatography, i. c., 4 and 6, the latter clearly deriving from the reaction of the 

acetoneenolateproducedbytbecacalytcacbiwofsodiumazide.Inthiscaseonlytraceamountsofthe~~ 

3 could be detected. Probably a gmater amount of 4 is produced with respect to the reaction in ethanol because 

ethanol is mom acidic than acetone and extensively protonates the anion of3 making it umeacdve as nucleophile 

and pnxkcing the highly competitive ethoxide ion. 

The reaction was also tested using solvents unable to produce conjugated bases. By reacting 1 with a 

suspension of NaN3 in tetmhydtofumn only 4 was obtained in appreciable yield. By performing the reaction in 

DMF a mixture of 3 and 4 was formed (ratio about 2 : 1, HPLC) . This different outcome is explained by 

considering that in THF a very low concentration of NaN3 exists owing to the bad solubility of the salt. 

Accordingly, the anion of 3, as soon as formed, successfully competes with aride for the substrate 1. Instead, 
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inD~,NaN3is~salublc,albwingfuanampleavailabilityoftheaoidei~whichmabestheEQmation 

of3veryquickaudaxnplete,thusexcMingitsreacti~withtbesuutingcompound, 

Alastoommentie~ontbem~dthercectirm.Appramtly,asinglepositionisrcactivcwith 

nucleophiIic reagents, i.e. position 5, as evidenced by the formation of compounds 2,4 and 6. Very Iikely the 

same xegiochemistty is valid for the Grst interaction between 1 and N3’, evemuaIly Ieading to the cyclic 

product. This demonsuates that the driving force of the reaction resides more in the extensively conjugated 

snionic intermediate produced when C-5 is auacked by a m&ophiIe than in the ebxnon withdrawing effect of 

the SO2 group itself. 

STRUCTURAL DETERMINATION OF COMPOUNDS 2, 3, 4, 6. 

Compouuds 2a and 2b wcrc identified mainly on the basis of their lH-NMR spectra. Fw both compounds a 

typical AX-system is associated with H-4 and H-5. The low value of the coupling constsnt ( J=l Hx ) for 2a is 

evidence of the touts conftguration l1 . ‘Ihe cis isomer shows expectedly a greater coupling constant of 8.2 Hz 

Similarly the identity of compound 6 is coniirmed by MS and lH-NMR spectra, which display signals in 

agreement witb the proposed structure. A coupling constant of 9 Hx between H-4 and H-5 is indication that in 

this case the cis isomer was formed The triaxoIine structure of 2 is demonstrated in the IH-NMR 

spectrum by signals at 4.60 ppm and 9.10 ppm ( exchangeable with I&O ) associated with H-6a and N-H, 

respectively. A definitive structure proof was obtained by single crystal X-ray analysis which allowed also to 

identify the tautomer existing in the crystalline phase ( Fig. 1) . 

Figure 1 
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The asymmcuic unit of 3 contains au unusual nua~ber (3) of independent molaxles, which have slightly 
different ste~~~hemistry. In particular, Fig. 1 shows that the local cod-tioo of the methoxy and the 
dicthylamino msiducs ate quite diffmt in the thret cases. Any attempt to describe the crystal sauctu~ in a 

N3 





9124 0. CARuco et al. 

Zw(@ uifonn over ranges of sine/‘A and IFoi. 

Refinement converged to R = 0.092 [OXVO] and Rw = { [cw (Fo-Fc)2]/[cw Fo2]) 1n = 0.088 [0.040], 

(shift/en@m~ = 0.05 [0.04], S = 1.18 [1.09], excursion in final diffemnce Fourier map within 0.28 [0.211 

and -0.25 [-0.181 ,.A-3. 

Acid-bare and argentomeh ti~ations: A suspension of NaN3 (110 mg, 1.69 mmol) in ethanol 

(15 ml), was stirted for 2 h at room temm. After centrifugation and filtration, two samples (0.4 ml each) 

wem drawn; one was titrated with HClO.01 N and the other with AgN03 O.OlN. 

Reaction of2 wirh NaN3 in ethanol: equimolecular amotmts of 1 and NaN3 wexe suspended in the 

reaction solvent and stied at room temperatum until disappearance of 1 (TLC eluant: ethyl acetate/cyclohexaue 

6~4). The reaction mixhue was evqorated tmder teduced pressure and water was added. The residue was 

extracted with CH2Cl2, washed twice with water and dried over anhydrous sodim sulfate. The solvent was 

removed under reduced pressure and the solid residue chromatographed ou silica gel (eluant petroleum ether 

colltaining in ueasillg amounts of diethyl ether). Ruducts 2a and 3 wem then crystalked with CH2Cl2kliethyl 

ether. 

3: Yield: 12%. Mp.: 178T. Calai.: C 49.85% H 5.64% N 20.77% Foun& C 50.08% H 5.79% N 20.55%. 

lH-NMR: 0.80 (t, J=7 Hz, 3H, CH3); 1.25 (t, J=7 Hz. 3H, CH3); 3.40-3.60 (m, W. CH2); 3.60-3.70 (m, 

2H, CH2); 3.80 (s, 3H, OCH3); 4.65 (I, lH, H&); 7.00 (AB system, J=8 Hz, W, Aryl-H); 7.15 (AB 

system, J=8 Hz, 2H, Aryl-H); 9.2 (s, lH, N-H). 

2a: Yield: 70%. M.p.: WC. Calcd.: C 56.47% H 7.06% N 8.23% Found: C 55.99% H 7.01% N 8.60%. lH- 

NMR: 0.85 (t, J=7 Hz, 3H, CH3); 1.22 (t, J=7.1 Hz, 3H, CH3); 1.27 (t, J=7 Hz,3H, CH3); 2.90-3.20 (m, 

W, CH2N); 3.25-3.45, 3.60-3.80 (2m, l+ lH, CH2N ); 3.60-3.80, 4.10-4.30 (2m, 1 + H-I, CH2N); 3.80 

(s, 3H, OCH3); 4.10-4.30 (m, lH, H-4); 4.50 (d, J=l Hz, lH, H-5); 6.90 (AB system, J=8 Hz, 2H, Aryl-H); 

7.2 (AB system, J=8 Hz, 2H, Aryl-H). 

Reaction of1 with NuN3 in acetone: equimokular amounts of 1 ad NaN3 WQC stirred in acetone at 

room temperatme, with a drop of water just to dissolve the inorganic az&. After about 24 h the solvent was 

evaporated under reduced pressure and water was added. The tesidue was extracted with CH2Cl2, washed 

twice with water and dried over anhydrous sodium sulfate. The solvent was nxnoved under reduced pressme 

snd the solid residue chromatogmphed on silica gel (eluant cyclohexane/ethyl acetate 6~4) yielding 4 and 6.4 

was then crystalked with diethyl ether and 6 with CH2CWdiethyl ether. 

4: Yield: 60%. M.p.: 152-154T. Calcd.: C 53.23% H 5.86% N 15.52% Found: C 53.32% H 5.88% N 

15.17%. lH-NMR: 0.95 (t, J=7 Hz, 3H, CH3); 1.10 (t, J=7 Hz, 3H, CH3); 1.20-1.40 (m, 6H, CH3); 3.05- 

3.20, 3.20-3.70 (2m, 6H, CH2N); 3.70-4.00 (m, 2H, CH2N); 3.8 (s, 6H, OCH3);4.95 (s, lH, H-6a); 5.10 

(s, lH, H4’or H5’); 5.15 (s, lH, Heor Hs); 6.90 (AB system, J=8 Hz, 2H, Aryl-H); 6.95 (AB system, 

J=8.4 Hz, 2H, Aryl-H); 7.15 (AB system, J=8.4 Hz, 2H, Aryl-H); 7.30 (AB system, J=8 Hz, W, Aryl-H). 

6: Yield: 10%; MS. 352; 1H-NMR 0.85 (t, J=7 Hz, 3H, CH3); 1.20 (t, J= 7 Hz, 3H, CH3); 1.k (s, 3H, 

CH3CO); 2.30 (dd, Jgo.=19.7 Hz, J+.=11.5 Hz, lH, CH2CO); 3.00 (dd, Jga.zl9.7 HZ, Jvi,=2.8 HZ, 

lH, CH2CO); 3.05-3.25 (m, 2H, CH2N); 3.30-3.50, 3.60-3.80 (2m, 1 + lH, CH2N); 3.80 (s, 3H, 0CH3); 
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4.00 (ddd, JB+B_~=~ Hz, J=2.8 Hx, J111.5 I-Ix, HI, H-5); 4.65 (d, J=9 Hx, lH, H-4); 6.85 (AB system, J 

= 8 Hz, 2H, Aryl-II); 6.90-7.15 @zoad signal, 2H, Aryl-H). 

Reacrion of2 with NaN3 in THF: equimolecular amounts of 1 and NaN3 wue stirred in THF at mom 

temperature, with enough water just to dissolve the inorganic axide. After about 24 h the solvent was 

evaporated under reduced pressure and water was added. The residue was extracted with CH2Cl2. washed 

twice with water and dried over anhydrous sodium suUe. ‘Ihe solvent was removed under reduced pressure 

and the solid residue chromatographed on silica gel (eluant cyclohexane/ethyl acetate 2:8). 4 was then 

crystallized with CH2Cl2kliethyl ether. Yield: 30%. 

Reaction of5 wifh NuN3 : eqimolecular amounts of 5 and NaN3 were suspended in ethanol and stirred 

under reflux until disappearance of 5 (TLC! eluant: ethyl acetate/cyclohexane 46). The reaction solvent was 

evaporated and water was added The residue was extracted in CH2Cl2 washed twice with water and dried 

over anhydrous sodium sulfate. The solvent was removed under reduced pressme and the solid residue was 

crystahixed with CH2Cl2AIiethyl ether yielding pure 3. Yield: 70% 

Reacfion of I with hyhmic acid : an ethanol solution of HN3 freshly prepa& from equimolecular 

amounts of NaN3 and HCl, was dropped in a stirred solution of 1 in ethanol and a catalytic amount of NaN3 

was added. The formation of 3 was de&ted by TLC (eluant ethyl acemte/cyclohexane 46). 

Reaction of3 wirh 2 in ethanol: equimolecular amounts of 1 and 3 with a trace of NaN3 were stirred 

in ethanol at rcom temperatum for about 24 h (TLC eluant ethyl acetate/cyclohexane 4~6). The reaction was 

elaborated as usual, giving after crystallixation with CH2Cl2kliethyl ether pure 4. Yield 80%. 

Reaction ofI with NahQ in DMF: equimolecular amounts of 1 and NaN3 were stirred in DMF at room 

temperatum until disappearance of 1 (about lh, TLC eluant ethyl acetate/cyclohexane 4~6). After evaporation of 

the solvent the residue was analyzed with HPLC showing the formation of both 3 and 4 in a ratio 2: 1. 
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