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Abstract: Sttnle wades 2 reacted wtb 3-d~ethylamtno~4-(I~methoxyphenyl)-tsothiazole 1 ,I dioxide (1) 
affording through a highly reploselective I,%dipolar cycloaddiuon reaction isothlazolo[5.4-cilisoxazoline 4,4- 
dioxides 3. Reduction of 3 afforded a mixture of the E and Z forms of the corresponding .%(amin~~~‘- 
methylenel-dihydro-tsothlarc.ole 1 ,I-dioxides 415 which were transformed into 5.acyl~dihydro-isotazole 1 .I 
dtonides 6 and the corresponding dehydrated products 7 Compound 3 f was easily transformed into S-cyano- 
isothiazole I,1 dioxide I 1. 

Pm~ous v~ork in our laboratory dealt with the reactivity of 3.ammo-isothiazole l,l-dioxides as reactive 

drpolarophiles in I ,3-dipolar cycloaddttion reactions, Several dipoles such as diazoalkanes, oxazolones and 

munchnones afforded with htgh regroselectivity the correspondmg cycl’oadducts. One of the most interesting 

synthetic applications of these reactions has to be seen in the easy transformattons of these cycloadducts by 

simple heating and/or basic treatments. Both nngs of the bicycltc system are susceptible to cleavage and which 

nng IS cleaved easier depends on several factors such as the substitutton pattern. t,2 

These useful results prompted us to Investigate another class of I ,3-dipole, vi:. the nitrile oxtdes. This 

paper describes the reactions of 3-diethylammo-4-(4-methoxyphenyl)-isothiazole 1, l-dioxide (1) with several 

nitrile oxides 2a-f and a new route to S-functionalized isothiazole l,l-dioxides as a consequence of 

transformation reactions of’ the cycloadducts. 

RESULTS AND DISCUSSION 

Qcloaddition reaction7 ojisothiazole I. l-dioxide I with nitrile oxides 2a-f The cycloaddition reaction 

was usually performed in refluxmg dichloromethane or benzene accordmg to the reactivtty of the nitnle oxides 2 

except m the case of 2f which required a low temperature (THF, O°C) to avoid dimerization. As usual, da-c,f 

were generated in situ by treatment of the corresponding hydroximoyl chloride with triethylamme (TEA) 

accordrng to a well estabhshed procedure. 3.1 In the case of 2d.e the nitrile oxides were isolated and used as 
pure compounds. The structure of compounds 3 was conftrmed by tH-NMR spectra showing in the range of 6 

4.5-5.2 a smglet clearly associated with H-3a These shift values are in good agreement with literature data of 

other condensed dihydroisothiazole dioxides. 5 In the case of 3e, NOESY experiments showing a clear 

relationship between H-3a and the 0.0 ’ methyl groups of the aryl substituent linked to C-3, clearly supported 

the assigned regtochemistry. Performmg the same experiments, analogous conclusions about the spatial 

proximity of H-30 and the COOEt group were possible in the case of 3f. The structures of. the other 
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cycloadducts 3a-d was assigned by analog) and tlus conclusion was confirmed by unambiguous determination 

of the structure ot their transformation products (see later). The reaction always afforded a single cycloadduct 3 

at least at the detection limits (tH-NMR, TLC on the crude reaction mixture) showing high regioselectivity 

(Scheme I). 
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The I ,%dlpolar addltton ol a mtrlle o~de to a double bond LS a well known and thoroughly studied 

procws.” Sc\eral papers hale appeared m the literature descnblng the reactlons of mtrile oxides with cyclic and 

x~clic sullonc5. 7,X When arenecarbomtrllr oxIdes were made to react with phenyl-vinyl sulfone or with 
mcth! I-vlnyl sullone. the 5sultonyl Isomer I<* obtalncd as the sole or dominant product; p-alkyl and fi-phenyl 

substltuents C‘;LUSC a rc\crsal ol rcglochemlstr> A slmllar bchablour w)as observed with cyclic sulfones: thlete 

Y,.Y-dloyldcs. thlophene S..S-dioxides, bentothlophene .S,S-dlo~des, 2,3-dlhydro-benLothiophene S,S- 
dloxldes all react M Ith these mtnle ovldcs ailordrng the ilsullonyl Isomer. Also m our case the onentation is that 

u hlch places the sultonyl group In the 4-poq;ltlon 01 the resulting heterocychc system. This corresponds to bond 

I ormatlon bet\\ een the carbon ot the I .3 dlpolc and the carbon cx to the So?- group of the lsothiazole dioxide: 

ihls carbon has been demonstrated to be the more electrophlllc centre in the lsothlazole l,l-dloxidc.9 

,\cctlrdlngl>, a charge-controlled reactlon \rr~ld pnduce a replochemlstry opposite to that observed. It has to 
hc noted that .I parallel bcha\Iour IS d~\pla)~d b! Isothlatol-3(2H)-one 1, I -dloxldes where the charge 

J~st~~but~on IS wll CL Ident I’) ApparentI!, III out Lxse the main rnteractlons have to be seen m the stew effects of 

111~ txllhq Xubstltucnt\ on the dlpolarophllc ,IIKI 01) the dipole u hwh dctcrmme an unla\ourable approach in the 

trxl\llloI1 ~tiilc‘ 
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Transformation Reactions of 30-e. Synthettcally useful transformations of the cycloadducts 3a-e 

occurred by reduction. In the case of 3a-e, among the several reducing reagents considered (Hz-W/C; Raney 

NI; LiAlu NaBH4; NaBHa-CoCI2; BH3-Me$S), the best results were obtained with Raney Ni or NaBHa- 

CoC12 tt Under these conditions compounds 3a-e afforded a mixture of stereoisomeric enamines 4 and 5 

(Scheme 2): 

scheme 2 
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The tmmes A are formed as prtmary products through reductive cleavage of the N-O bond. 

Tautomerization of the intermedtate A afforded the more stable enamines 4 and 5 in an E/Z ratio of ca. 9: 1. It 

may be noted that when 3a was treated with Raney mckel it was possible to isolate in good yields the 

mtermediate 3g obtamed by reduction of the NO2 group. This latter was afterwards transformed into the 

enammes 4/5a by prolonged heatmg wtth the same reagent (Scheme 3). 

scheme 3 
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On the other hand treatment of 3a vrkth NaBHJ-CoC12 directly afforded 4/5a with better yields through 

reduction of both the NO2 group and the Isoxlvolme ring. The structure of compounds 4 and 5 was confirmed 

by tH-NMR data. The broad srgnal associated wtth the OH group IS clearly deshielded in compounds 5 due to 

the posslbdlty of a hydrogen bond wrth the NH2 group. The *H-NMR spectra of- 4 showed signals associated 

with the aromatlc hydrogens of the 4.methoxb substituted phenyl group upfield of the same hydrogens in 

compounds 5: this must be ascribed to the shleldlng effect exerted by the other aromatIc ring as evidenced by 

molecular models. 

Compounds 4/5b,c here easl\ hydrolyzed to the ketones 6a,b which were dehydrated to the 5-aroyl-3- 

amino-lsothIa/.olcs 7a.b. Compounds 4Ed.e required more forcing conditions and longer reaction times 

probably due to the stenc effects exerted bq the aubstituents on the aryl group linked to the enamine carbon, 

ntuch resulted in a d~l‘l’~cult approach of the nuclcophllc (Scheme 4). 

Scheme 4 
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Another attempt at reduction was performed on 3 b with H2 Pd/C m THF at reflux. The amine compound 

8 was obtained as a rnlsturc ot two drastereolsomers. The structure was confirmed by tH-NMR spectrum 
showing four smglets (h 3.74, 3.77, 3.79, 3.&l) associated to the OCH3 group of the two diastereoisomers and 

two couples of doublets (6 3.58, 4.38 52.2 H/ and b 3.63, 5.08 J=2.9 Hz) associated to H-5 and to the 

hydrogen (I to the NH2 group (Scheme 5). 

Iiamformution rrartiom of 3f: A dllferent behavlour was found in the case of 3f. Many reducing agents 

such as Hz Pd/C, Hz PQ, Zn/AcOH, NaBHd, NaBH,&oC12 were tried without any useful results. Either 

cqcloadduct 3 f  was unaffected to the treatment or mtractable mixtures of products were obtained when reaction 
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condltlons were more \ ~porous. 
Scheme 5 
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Using NaBHa only reduction of COOEt group to CH20H was observed without participation of the isoxazohne 

nng. An successful result M~S obtamed wilh BHx.MezS which afforded the isoxazolidme denvatlve 9. The 

structure of compound 9 was confirmed by tH-NMR spectra Nlnch showed an AMX system clearly 
associated with H-3~; H-3; NH (h 4. lc). 4.53, 6.40. respectively). The coupling constant of 7.2 Hz (H-3a, H- 

3) supported the cis confIguratIon (Schcmc d).j 

Scheme 8 

1 9 

Qcloadducl3f was hydrolbred with lO’r( NaOH to the correspondmg carboxylic acid 10. This latter was 

heated without solvent at a temperature 5 10°C above Its melting point and evolution of carbon dioxide was 

apparent. The crude reaction mixture was chromatographed on silica gel to give 3-diethylammo-4-(4- 

methoxyphenyl)-lsothiazole-icarbomtnle l,l-dioxide ( 1 1). Decarboxylatlve nng opemng took place as shown 
m Scheme 7 accordmg to a mechanism already obsen ed In other cases I*, through the p-hydroxymtnle B which 

spontaneously eliminates water affordmg 1 1. 

Tins result appeared to be cery interesting because of the possibllitl to introduce a CN group easily and in 

high yield Into the Isothlruole 1. I-dloxlde nng, which represents a good starting point for the synthesis of- other 

denvatlves. 

These results with mtnle oxides confirmed the good reactlrlty of 1 as chpolarophile m 1,3-dlpolar 

cycloadditlon reactions. The lsothlarole nng m the dihydro-lsottuazolo[5,4-dlisoxazole system is stable 

allowing transformalions of the lsoxazohne ring wluch result in functlonalized tsothiazole l,l-dioxides not 
available by the known synthctlc route, I. e., base-catalyzed cycllzation of N-alkylsulfonylamidines of a- 

ketoacids, which severelk hmltate the substltutron on C(4) and C(5) ow’mg to the scarce apallability of the 
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ncccssary starting materials. l-’ 

Scheme 7 
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EXPERIMENTAL 

Meltmg pomts wcrc determined using a Buchi 510 (capillary) or a Electrothermal 9100 apparatus. IH-NMR 

spectra (ppm, tetramethylsilane as internal standard, CDCl3 as solvent except when indicated) were obtained 
with a Bruker AC 200, Bruker AC 300 and a Varian Gemun 200 mstruments. Chemical shifts (6) are given in 

ppm and the coupling constants (J) are given in Hz. TLC: ready-to-use silica gel plates. Column 

chromatography: smca gel [Kieselgel rX-70 230 ASTM (Merck)] with the eluant indicated. Mass spectra were 

obtamed by an electron impact iomzation technrquc at 70 eV from a Finningan INCOS SO mstrument using the 

direct exposure probe (DEP). 

McupriaL~. I i3, Zd-e14 i’ have already been described. Nitnle oxides 2a-c,f were synthesized in situ 

from the correspondmg hydroximoyl chlorides according to published procedure.3,4*6 

Cieneral t’roccdurr /or rhr C:vc-loaddition Kraction of Isothiazole 1, I -Dioxide I with 2 d-e. Equimolecular 

amounts of I (0.S g, I .7 mmol) and 2d-e ( I .7 mmol) vvere dissolved in dichloromethane (20 mL) and stirred 

al room temperature lor about ?--I:! h until disappearance of the reactants (T.L.C. cyclohexaneiethyl acetate 312). 

The solvent was evaporated under reduced pressure and the residue crystallized from dichloromethanel 

dnsopropyl ether aftording 3d-e. 

3-(2,6 l~ic~hlorq~hrnvl) 6~rIir~hvlrunino~3a.6n-~iihvdro~6a~(4-methox~phenyl)-isothiazolo[5,4~d]isoxazole 4,4- 

IXoxide(3d): ‘r’ield: 65%. M.p. 191.192°C. Calcd.: C 52.28% H 4.35% N 8.71% Found: C 51.84% H 

4.44% N 8.-S4% ‘H-NMR: 0.95 (t, 3H, J=7 Hz. CH3), 1.29 (t, 3H, J=7 Hz, CH3), 3.20-3.40, 3.50-3.70 

(2m, 4H. CH2), 3.84 (s, 3H. OCHJ), 5.36 (s. IH, H-3a), 7.02 (AB system, J=8.8 Hz, 2H, Aryl-H), 7.20- 

7.45 (m, 5H. Aryl-HI. 
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3-(3,5-Dichloro-2,4,6-trimethylphenyl)-6-diethylamino~3a,6a-dihydro-6a-(4-methoxyphenyl)-ithiazolo[5,4- 

d]isoxazole 4,4-Dioxide (3e): Yield: 85%. M.p.: 221°C. Calcd.: C 54.96% H 5.19% N 8.01% Found: C 

54.89% H 5.08% N 7.98%. ‘H-NMR: 0.93 (t, 3H, J=7 Hz, CH3), 1.30 (t, 3H, J=7.2 Hz, CH3), 2.26 (s, 

6H, CH3), 2.53 (s, 3H, CH3), 3.20-3.40, 3.45-3.75 (2m, 4H, CH2), 3.85 (s, 3H, OCH3), 4.88 (s, lH, H- 

3a), 7.00 (AB system, J=8.9 Hz, 2H, Aryl-H), 7.40 (AB system, J=8.9 Hz, 2H, Aryl-H). 

General Procedure for the Cycloaddition Reaction of Isothiazole I, l-Dioxide 1 with 2a-c. A benzene 

solutmn of- the hydroxlmoyl chloride (6.8 mmol) was dropped mto a stIrred solution of triethylamine (0.95 mL, 

6.8 mmol) m the same solvent at 0°C. After a few mrnutes the mixure was run to rmrn temperature and a 

solution of 1(2 g, 6.8 mmol) m benzene (40 mL) was added dropwise. At the end of addition the mixture was 

refluxed until reactants disappeared (TLC cyclohexaneiethyl acetate 312, 1-24 h). The solvent was evaporated 

under reduced pressure, the residue was neutralized with a 10% HCI solution and extracted into 

dichloromethane and washed twice with water. The orgamc layer was separated, dried over NqSOa filtered 

and the solvent was evaporated under reduced pressure. Pure 3a-c were crystallized from dichloromethane/ 
dlisopropyl ether. 

6-Diethylamino-3a,6a~dihydro6a-(4-methoxyphenyl~~3~~4-nitrophenyl)~isothiazolo~S,4-d]isoxazole 4,4-Dio- 

xide (3a): Yield: 79%. M.p.: 265.266°C. Calcd.: C 55.02% H4.80% N 12.22% Found: C 54.52% H 4.90% 

N 13.06%. ‘H-NMR: 0.89 (t, 3H. J=7 HL. CH.s), 1.99 (t, 3H, J=7.1 Hz, CH3), 3.20-3.52, 3.60-3.80 (2m, 

4H, CH2), 3.W (s, 3H, OCH3), 5.11 (s, IH, H-3a). 7.00 (AB system, J=8.9 Hz, 2H, Aryl-H), 7.38 (AB 

system, J=8.9 Hz, 2H, Aryl-H), 7.95 (AB system, J=c) Hz, ZH, Aryl-H), 8.29 (AB system, J=9 Hz, 2H, 
Aql-H). 

6-Diethylarnino~3a,6adihydro-3a,6a-di-(4-methoxyphetryl)~isothiazolo/5,4~d]isoxazole 4,4-Dioxide (3b): 

Yield: 72%. M.p.: 169-170°C. Calcd.: C 59.59% H 5.64% N 9.48%’ Found: C 59.57% H 5.72% N 9.45%. 

‘H-NMR: 0.85 (t,3H, J=7 Hz, CH$, 1.27 (t, 3H, J=7.1 Hz, CH3), 3.30-3.50, 3.62-3.80 (2m, 4H, CH2), 

3.82 (s, 6H, OCHj), 5.08 (s. IH. H-3a). 6.94 (m, 4H, Aryl-H), 7.36, 7.73 (2 AB system, J=8.8 Hz, 4H, 
Aryl-H). 

3-(4~Chlorophe~~~l)-6~diethylarnino-Sa,6a-dihvdro-6a-(4~methoxyphenyl)-isothiazolo/5,4-d]iso~zole 4,4-Dio- 

xide (3~): Yield: 65%. M.p.: 179-18X. Calcd.: C 56.31% H 4.91% N 9.38% Found: C 56.41% H 4.91% N 

9.40%. ‘H-NMR: 0.87 (t, 3H. J=7.1 Hz, CH3), 1.27 (1, 3H, J=7.1 Hz, CH3), 3.18-3.50, 3.60-3.80 (2m, 

4H, CHz), 3.83 (s, 3H, OCH3). 5.06 (s, IH, H-3a), 6.98 (AB system, J=8.8 Hz, 2H, Aryl-H), 7.42 (AB 

system, J=8.8 Hz, 2H, Aryl-H), 7.52 (AB system, J=8.8 Hr, 2H, Aryl-H), 7.72 (AB system, J=8.8 Hz, 2H, 

Aryl-H). 

Cycloaddition Reactron of1 with 2f: Synthesis of6 I)iethvla,nino-3a,6a-dihydro-6a-(4-methoxyphenyl)- 

isothiazolo/S,4-d]isoxa;ale~.~-~~~~rho.~ylic Acid Ethyl ester 4.4-Dioxide (3f): A solution of 1 (2.94 g, 10 mmol) 

m anhydrous THF (7 mL) was dropped into a vgorously stirred solution of ethyl chlorooximidoacetate (10 

mmol) and tnethylamine ( 1.5 mL) in the same solvent ( 15 mL) at 0°C. Stirring was continued until TLC 
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analysis revealed the absence of reactants (TLC cyclohexaneiethyl acetate 3/Z, l-5 h). The solvent was 

evaporated under reduced pressure and extracted Into dlchloromethane and washed twice with water. The 

orgamc layer was separated, dried over NazSOa, flltered and the solvent was evaporated under reduced 

pressure. The crude product was chromatographed on slhca gel with cyclohexane/ethyl acetate 3/2 as eluant. 

Pure 3f nas c~stalh7ed from dlchloromethaneidlethyl ether. Yield: 70%. M.p.: 129°C. IH-NMR: 0.88 (t, 3H, 

1=7.0 H/. CH.3,. I.36 (I, 3H. J=7.0 HI, CH.,). I.39 (t. 3H, J=7.0 Hz, CHs), 3.18-3.35, 3.35-3.45, 3.61. 

3.71 (3m. 4H. CH2). 3.83 (s. 3H, OCH3). 4.42 (q. 2H, J=7.0 Hz, CH2), 4.% (s, IH, H-3@, 6.97 (AB 

\)stem. J=X.7 H/, 2H. Aryl-H), 7.28 (AB system, J=8.7 HI, 3H, Aryl-H). ml: 410 (M++l). 

.~~(4~.4~~linophenvl~~0~~~iethylomirmSn.~a~dihvdr~) 6a-(4-methoxvphenyl).isothiazolo[5,4-d/isoxazole 4,4-Die- 

ride (3g): Raneq nickel atalyst ( I g) was suspended methanol (under nitrogen) at room temperature. 3a (0.5 

g- 1. I mmol) was added m one portion and the reaction mixture was stirred until the reactant has been 

consumed (TLC cyclohesane/ethyl acetate 3/2, l-2 h). Th e nickel catalyst was filtered off and washed twice 
VI lth ethanol. The flltrate was evaporated under reduced pressure and the crude product was crystallized from 

dlchltrromethanc/ dtlsopropyl ether. Y leld: 74% hl p,: I84185”C. IH-NMR: 0.84 (t, 3H, J=7.1 Hz, CH3). 

I 76 (1, 3H, J=7 I Hr. C’H.3). 3.10-3.50. 3.hW3.80 (2m. 4H. CH2), 3.82 (s, 3H, OCH3). 3.90-4.10 (bs, 2H, 

NH?), 5.05 (s. 1 t-l. H-3@. 6.65 (AB system, J=X.X H7 , 2H, Aryl-H), 6.95 (AB system, J=8.8 Hz, 2H, Aryl- 
II). 7.35 (AB h>qtcrn, J=8.8 Hr. 2H, Aryl-H), 7 K, (AB system, J=8.8 Hz, 2H, Aryl-H). m/c 428(M+). 

(;eneral I’roc~edrtre Jor the HvdrnKenation Neo~~tiorr of 3a-d. Method A (reduction with Raney nickel 

r~cltc~/vsrJ: Kane) nickel catalyst (lg) was suspended In ethanol (under nitrogen) at room temperature. 
Compounds 3 I I I mmol) were added In one pot-tlon and the reaction mixture was stirred at 40”.50°C until the 

reactant has been cclnsumed (TLC cyclohexane:cthyl acetate 317. l-2 h). The nickel catalyst was filtered off and 

ivashcd twice \\lth ethanol. The combmed Filtrates was evaporated under reduced pressure and the crude 

product v, as crystallized from dichloromethane/dnsopropyl ether affording the isomer 5 as pure compound. The 

mother liquor ~‘a\ evaporated and chromatographed on silica gel affording generally further amount of pure 5. 

The Isomer 4 \~a> aluaqs obtained m mixture with 5 and any attemp to purify it failed except in the case of 4d. 

In the case of 4b.d charactenstlc slgnalr In the ‘H-.NMR spectra of the mixture of the tfi’o diastereoisomeric 

cnammcs are reported. Mefhod H (reduc,tion with NczHH.+C~C‘~~J: NaBb (0.1 g, 2.8 mmol) was added 

portlonwlsc under nitrogen atmosphere to a stirred solution of compounds 3 (1.1 mmol) and CoCl2.6H2O 

I 0.45 g, 2.2 mmol) m methanol ( 20 mL) and the mlsture stirred for 4-8 h. The methanol was removed under 

reduced pressure and 25% aqueous NH3 solution ( 15 mL per mmol of 3) and CH2Cl2 (an equal volume) were 

added to the residue. the mixture was then stlrred csposed to the air until the organic layer was yellow-brown 

(one night). The mixture was separated and the aqueous layer extracted with CH2Q. After drying over 

NazS0.1 the organic phase was ecapordted under reduced pressure to give the crude reaction product which was 

cromatogrdphed c)n slhca gel affording 5 as pure compound. Compound 4 was always obtamed in mixture with 

5 except m the case of 4d as said above. 

.~-~~r~ir~o~(4-am~~z~~phenvl)-metf~vlene~-3~dieth~~l~~rnin~~-4-(4-metho~p~nyl).~~~-d~oxo-4,5-d~~ydro-~~ot~~a~~l 

4-01(4a,~a).’ Total yield: 74%. 5a: M.p.: 187°C. IH-NMR (DMSO): 0.57 (t, 3H, 3~7.1 Hz, C&,), 1.06 (t, 

3H. J=7.0 H/. (‘Hi). 2.X-3.35 (m. 4H. CH2). 3.75 (s, 3H. OCH3), 5.30-5.X (bs, 2H, NH2), 5.60-5.80 
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(bs, 2H, NH?), 6.48 (AB system, J=K.l Hz, 2H, Ary-H), 6.96 (AB system, J=8.5 HL, 2H, Ary-H), 7.29 

(AB system, J=8.1 Hz, 2H, Aryl-H), 7.54 (AB system, J=S.S Hz, 2H, Aryl-H), 7.63 (s,lH, OH). m/z 412 

(M- H20). 

5-~Amino-(4-metho~phenyl)-methylertej3dl)-l,l-dioxo-4,5-dihydro~isothia- 

:01~4~0/(4b,SbJ.’ Total yield: 57%. 5b: M.p.: 168”-170°C. IH-NMR : 0.53 (t, 3H, J=7.0 Hz, CH3), 1.16 (t, 

3H, J=7.1 Hz, CH3). 3.10-3.75 (3m, 4H, CH2), 3.81 (s, 3H, OCH3), 3.82 (s, 3H, OCHx), 4.56-4.61 (bm, 

3H, NH2 and OH), 6.90 (AB system, J=8.9 Hz, 2H, Aryl-H), 6.95 (AB system, J=8.9 Hz, 2H, Aryl-H), 

7.60 (AB system, J=8.9 Hz, 2H, At-y-H), 7.63 (AB system, J=8.9 Hz, 2H, A&H). m/z 445 (M+). In the 

‘H-NMR spectrum of- the dlastereoisomertc mtxture some stgnificative signals associable to 4b are: 0.48 (t, 

3H, J=7.0 Hz, CH3), 3.72 (s, 3H, OCH3), 3.78 (s, 3H, OCH3), 4.65-4.75 (bm, 2H, NH2), 5.00-5.10 (bm, 

lH, OH), 6.55, 6.65 (3 AB system, J=8.8 Hz, 4H, Aryl-H). 

5-~Amino~(4-chlorophenyl)-methylene~-3-diethylamino-4-(4-methoxyphenyl)-1,I-dioxo-4,5-dihydro-isothiazol 

-4-01 (4c,5c): Total yield: 50%‘. 5c: M.p.: l94”-195°C. Calcd.: C 56.06% H 5.33% N 9.34% Found: C 

55.95% H 5.34%~ N 9.27%. ‘H-NMR : 0.52 (t, 3H, J=7.0 Hz, CH3), 1.18 (t, 3H, J=7.0 Hz, CH3), 3.10. 

3.50 (m. 3H, CH2), 3.60-3.78 (m, IH, CH2), 3.83 (s, 3H, OCH3), 4.54 (bm, 3H, NH2 and OH), 6.94 (AB 
system, J=8.9 Hz, 2H. Aryl-H), 7.37 (AB system, J=8.5 Hz, 2H, Aryl-H), 7.58 (AB system, J=8.9 Hz, 2H, 

Aryl-H), 7.63 (AB system, .I=85 Hz, 3H, Aryl-H). 

5-~Amino~(2,6~dichlorophen~l)-r~thyle~~-3-diethylami~~o~4~(4-~tha~pheny~)-l,l -dioxo-4,5-dihydro-iso- 

thiazol-4-ol(4d,5d): Total yield: 70%. 5d: Yield: 40%. M.p.: 228°C. 1H-NMR : 0.60 (t, 3H, J=7.0 Hz, 

CH3), 1.15 (t. 3H, J=7.1 H7., CH3). 3.19-3.70 (m, 4H, CH2), 3.83 (s, 3H, OCH3). 3.95 (s, lH, OH), 4.25 
4.35 (bs, 2H, NH2), 6.95 (AB system, J=8.8 Hz, 3H. Aryl-H), 7.26-7.40 (m, 3H, Aryl-H), 7.65 (AB 

system, J=8.8 Hz, 2H, Aryl-H). ml: 484(M+). 4d: Yield: 30%. M.p.: 226°C. IH-NMR : 0.58 (t, 3H, J= 6.9 

Hz, CHx), 1.19 (t, 3H, J=7. I H7., CH3). 3.03-3.40 (m, 3H, CH2), 3.45-3.60 (m, lH, CH2), 3.53 (s, lH, 

OH), 3.77 (s, 3H, OCH3), 4.92 (s, 2H, NH2), 6.62 (AB system, J=8.9 Hz, 2H, Aryl-H), 6.82 (AB system, 

J=8.9 Hz. 2H, Ary-H), 6.96 (dd, J,,.t0=8.0 Hz, J ,&=(X92 Hz, lH, Aryl-H), 7.22 (t, J=8.0 Hz, lH, Aryl- 

H); 7.40 (dd, J,a,=8.0 H?., J,,a=O.92 Hz, IH, Aryl-H). m/r. 484 (M+). 

5~~Amino~(3,5~dichloro-2.4,6rrimethylphenyl)-methylene~-3-diethylamino-4-(4-~t~~phenyl)-l,l -dioxo- 

4,5-dihydro-tiothiazo1-401(4e,5e): Total yteld: 46%. 5e: M.p.: 222°C. lH-NMR: 0.51-1.60 (m, 6H, CH3), 

2.43, 2.52 (2s, 9H, CH3), 3.05-3.45 (m, 3H, CH2), 3.50-3.70 (m, IH, CH2), 3.70 (s, lH, OH), 3.78 (s, 

3H, OCH3), 4.86-4.96 (bs, 7H, NH2), 6.62 (AB system, J=9.0 Hz, 2H, Aryl-H), 6.75 (AB system, J=9.0 
Hz, 2H, Aryl-H). 

Reduction uf3f with L)H&fe#: Cycloadduct 3f (0.491g, 1.2 mmol) was dissolved in anhydrous THF 

(10 mL) under nitrogen and BHs.Me# (0.61 mL of a 2M solutton m THF) was dropped into the solution. 

Stimng was continued unttl dtsappearance of the reactant (TLC diethyl acetatekyclohexane l/l, 12 h). The 

solvent was evaporated at reduced pressure and extracted m dtchloromethane. The organic layer, washed twice 

with water, was dried (NazSOd), ftltered and the solvent was evaporated. The crude mixture was 
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chromatographcd on s~hca gel (eluent: ethyl acetateicyclohexane 317) affording pure 9. Yteld: 50%. IH-NMR: 

0.78 (t, 3H, J=7.0 Hz, CHj), 1.25 (t, 3H, J=7.0 Hr, CH3), 1.32 (t, 3H, J=7.0 Hz, CH3), 3.07-3.19, 3.32- 
3.45, 3.603.77 (3m, 4H. CH;?), 3.83 (s, 3H. OCH.3), 4.19 (d, IH, JAM=~.~ Hz, H-3a), 4.31 (q. 2H, J=7.0 
HI, CH2), 4.53 (dd. IH, J,\M=7.2 Hr, Jbf.1~=14.0 Hz, H-3), 6.40 (d, lH, J~x=14.0 Hz, NH), 6.94 (AB 

qystcm, J=8.8 HI. 2H. Aryl-H), 7.36 (AB system. J=8.8 Hz, 2H, Ary-H). m/i 411 (M+). 

3-/lkethylamino 4-hvdraxv-4.(4.methoxyphenyl)- I, 1 -dioxo-4.5-dihydro-isothiazol~5-yl]-(4-methoxyphenyl)- 

methunone (6~): A mlvture of 4b and Sb (0.3 g. 0.67 mmol) dissolved in CH2C12 (10 mL) was vigorously 

stIrred with a solution of NH&l (20 mL) until disappearance of the reactants (TLC cyclohexane/ethyl acetate 

312, X-24 h). The orgamc layer was separated, dned over Na2S04. filtered and the solvent was evaporated at 
reduced pressure yleldlng 6a. Yield: 9591. M.p.: 157°C. tH-NMR: 0.90 (t, 3H, J=7.0 Hz, CH3), 1.26 (t, 3H, 

J=7. I II/. CH?). 3.10-3.60 (m, 3H, CH2). 3.65-3.78 (m, IH, CH2), 3.81 (s, 3H, OCH3), 3.86 (s, 3H, 

OCH3). 5.17 (s. IH, H-S), 6.90-7.00 (m. 4H, Aryl-H). 7.45 (AB system, J=8.8 Hz, 2H, Aryl-H), 7.47 (s, 

lH, OH). 8.W (AH system, J=X.8 Hz, 2H, Aryl-H) ml: 447 (M++l). 

.I lI~iethylarnino~1~(4~rnethoxvphenyl)-1. I -dio.xo itothin:ol-5-ylJ-(4.methoqphenyl)-methanone (7a) : A 

benzene solution (5 mL) of6a (0.48 g, 0.89 mmol), contaming a few drops of cont. H2SO4 was refluxed until 

&appearance of the reactant (TLC cyclohexaneiethyl acetate 312, 24-30 h). The solvent was evaporated under 

reduced pressure. extracted with dlchloromethane and washed with water. The organic layer was separated, 

dried over Na$W~, 1 lltered and the solvent ~,as concentrated under reduced pressure. The residue was 

crystalh/ed with dlchloromethane/diethyl ether affordmg 7a. Yield: 52%. M. p.: 168”-170°C. 1H-NMR: 0.93 

(t, 3H. J=7.2 HI, CHj): 1.34 (t, 3H, J=6.8 HI, CH3); 3.13 (q, 2H, J=6.8 Hz, CH2); 3.68 (q. 2H, J=7.2 Hz, 

CH?), 3.75 (s, 3H, OCH3): 3.85 (s, 3H, OCH?): 6.83 (AB system, J=8.8 Hz, 2H, Aryl-H); 6.89 (AB system, 
3=8.8 Hz, 3H, Ayl-H), 7. I9 (AB system. J=X 8 Hr. - 3H. Aryl-H); 7.90 (AB system, J=8.8 Hz, 2H, Aryl-H). 
m/c 428 (M+) 

i~/l~ieth?;lamiru~-4-hyciroxy--j-(4-chlorophen~~i)~~~ I -dioxo-4.5~dihydro-isothiazol-5-~ylJ-(4-methoxyphenyl)- 

methanone (66): A mixture of 4c and SC (0.1 g, 0.22 mmol) dissolved in dioxane (10 mL) was vigorously 

stlrred with a lW7( HCI (3 mL) solution unbl disappearance of the reactants (TLC cyclohexaneiethyl acetate 3/2, 

8-24 h). The solvent was evaporated and the rcsldue extracted with dichloromethane and washed twice with 

water. The orgamc layer was separated, dried o\.er Na2S04, filtered and the solvent was evaporated at reduced 

pressure yielding pure 6b. Yield: 80%. M.p.: 13-5”. 126°C. IH-NMR: 0.93 (t, 3H, J=7.0 HZ, CH3), 1.27 (t. 

3H, J=7.0 HZ., CH3). 3.10-3.50 (m, 3H, CH;?). 3.60-3.78 (m, lH, CH2), 3.82 (s, 3H, OCH3), 5.18 (s, lH, 

H-5). 6.95 (AB system, J=8.9 Hz, 2H. Aryl-HI, 7.06 (s. lH, OH), 7.45 (AB system, J=8.9 HZ, 2H, Aryl- 

H). 7.48 (AB system. J=8.7 Hr., 2H. Aryl-f-l). 7.97 (AB system, J=8.7 Hz, 2H, Ary-H). m/z 432 (M+- 

H201. 

3-[l~iethylamino-4-(4.chlorophenyl)~I, I ~dioxo-i.sothiazol~5-y1]-(4-~nethoxyphenyl)-methanone (76) : A 
solution of 6b (0. I g, 0.22 mmol) m benz.ene (5mL) contaimng a few drops of cont. H2SO4 was refluxed until 

disappearance of the reactant (TLC cyclohexaneiethyl acetate 3/2, 24-30 h).The solvent was evaporated under 

reduced pressure, extracted with dichloromethane and washed wtth water. The organic layer was separated, 
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dned over Na2SO4, flltered and the solvent was concentrated under reduced pressure. The residue was 

crystallized with dlchloromethaneidiethyl ether affording 7b.Yield: 47%. M.p.: l&j”-186°C dec. ‘H-NMR: 

0.93 (t, 3H, J=6.9 Hz, CH3), 1.35 (t. 3H, J=7.0 Hz, CH3), 3.15 (q, 2H, J=6.9 Hz, CHz), 3.68 (q. 2H, 

J=7.0 Hz, CH2), 3.75 (s, 3H, OCH3), 6.80 (AB system, J=8.6 Hz, 2H, Aryl-H), 7.13 (AB system, J=8.6 

Hz, 2H. At-y-H), 7.38 (AB system, J=8.6 Hz, 2H, Aryl-H), 7.84 (AB system, J=8.6 Hz, 2H, Aryl-H). m/z 

432 (M+). 

Reduction of 3b with H2 PdIC: 3 b (0.5 g, 1.1 mmol) was dissolved in THF (30 mL) and hydrogenated 

at reflux with 10% Pdi C as the catalyst (0.5 g, 0.43 mmol). Heating was continued until reactant disappeared 

(TLC: ethyl acetateicyclohexane l/l). The catalyst was filtered off and the solvent was evaporated under 

reduced pressure. The crude mixture was chromatographed on s111ca gel (ethyl acetateicyclohexane l/l) 

aflordmg 8 as a diastereolsomenc mixture. Yield: 50%. lH-NMR: 01X-0.74 (m, 6H, CH3), 1.18-1.25 (m, 

6H, CHj), 3.10-3.X) (m, 8H, CH2), 3.58 (d, IH, J=2.2 Hz, CH), 3.63 (d, 1H, J=2.9 Hz, CH), 3.74, 3.77, 

3.79. 3.84 (4% l?H, 4 OCHj), 4.38 (d, IH, J=2.2 Hz. CH), 5.08 (d, lH, J=2.9 Hz, CH), 6.70 (AB system, 

J=8.9 HZ, 2H. Aryl-H), 6.80-6.90 (m, 4H, Aryl-H), 6.90-7.1 1 (m, 4H, Aryl-H), 7.20-7.32 (m, 4H, Aryl- 

H). 7.42-7.46 (m, ?H, Arql-H). ml: 447 (M+). 

6-~iethvlamino~3a,6a-dihydro-4,4-dioxide-~a-(4-methoxvphenyl)-isothiazolo~5,4-d]isoxazole-3-carhoxylic 

Acid (I 0): The cycloadduct 3 f (0.9 g, 2.3 mmol) in sodium hydroxide (5 mL of a 10% solution) was stirred 

until TLC confumed the absence of starling material (TLC methanolidichloromethane 511, 1 h). The reactIon 

mixture was acidified to a pH of 3 with HCI (10%). and extracted with ethyl acetate. The combined extracts 

were dried (Na2S04) and concentrated to give 10 of a purity satisfactory; for the decarboxylatlon step. Yield: 

90%. ‘H-NMR: 0.85 (t. 3H, J=7.0 Hz, CH3), I.14 (t, 3H. J=7.0 Hz., CH3), 3.18-3.59, 3.63-3.69 (2m, 4H, 

CH2), 3.81 (s, 3H, OCHjj. 4.98 (s. IH, H-3a). 6.96 (AB system, J=8.4 HI., ?H, A@-H), 7.24 (AB system, 

J=8.4 H/. 2H. Arll-H), 8.30 (a. lH, COOH). ml: 3X1 (M++I ). 

Thermal IIecompositron q/ IO: Synthrxic of 3.Dierhvlcumno I,! -dioxide-4-(4.methoxyphenyl)~isothiazole-5. 

t,arbonitrik(l I J: Acid 10 I 0.2 g, 0.51 mmol) was heated ~lthout solvent at a temperature of about 170°C 

until the ekolutlon of carbon dlolde ceased. The crude prtxiuct was chromatographed on silica gel (dlethyl 

acetateicqclohexane Zi3) ylcldmg the mtnle 1 1 wlch cr>stilhzed with dlchloromethaneidiethyl ether. Yield: 

554. ‘H-NMR: 0.97 (t, 3H. J=6.c) Hz. CH3). 1.32 (I. 3H. J=6.9 Hz, CH3). 3.18 (q, 2H, J=6.9 Hz. CH;?), 

3.66 (q, 2H, J=h.c) HI. (‘Hz). 3.88 (s, 3H, OCH~I. 7.0X rXB system, J=8.7 Hz, 2H. Aryl-H), 7.32 (AB 

system. J=X.7 Hy. 2H. Ar!l-HI &L 32(1 (M++ I i 
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