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CcMxolled potential oxid&ion of a variety of substituted o-to- 
l~foaamideraataPtBMXk!inHeaJusinsBdivi~clell pro- 
vides 3-rethyl 4, hiihydm-1,2, &bemothiadhmepine-l,l-dioxides 
se!le&iwlyand ingenera.llygoodyiclds* The sco~andliaitations 
of thisonestephe~~clfzation~~~aL~di~sed* 

The tlVMI1 functimalizatio of organic cxmpcmh hwe been the sub&c% of intxmse 

efforts over the la&decades during which time a rewmable understanding of the scope ami 

1imitAticms of this topic hmm been cwmmhed.' 

In thcxmtxmtof our studies in the electro-argrmi c syntheeie2, m? have investigated the 

anodic c39cidaticm of o-allql hememmlfmaaides A(Z=Q), -tmimmib A(Z=tX) ti -Ma- 

mides A(-) in thepresence of nitrilea as solvents. At the outset of this work, we were 

attracted by the pomibility thnt amdically genemted positive species (radical cations and/or 

carbemiua ions) might react with nucleophilic 8olvents (nitriles) leading to a nitriliua ion B. 

'Ibis interpediste could, in turn, undergo a facile intrrurolecular attack by the neighbowing 

While we were wful in finding a high-yield method for oxidative ring closure of 



C(Z=SQ) aere?ly by electrochanjwloxidation in the pmmmce of a nitrile RCX. 

Ehmmn and Wb=%* were the first to &mm thfst it is possible to tmp 818c~litiaally 

8mmt%d -1 cationa withwlat MeCN giving, thrwtlqh thf2 intwm0diacg of acetmnitrilimion 

and gubsesuent hydmtion, side-chain acetamidated products and it rpag be well cmnaidemd 

ernatlogCXU3 to the RitAXW reaetio& mite the intense activity in this field, the erxploratfon 

of the anodic acetmidation of alkyl-m hrving a nucleophilic grayp(suitsbly 1ocWsd in 

optho position) and it8 potential for prepmative -se have been cu@etely ne@e&ed. 

The oxidstive behavim of the checked o-al.kylbeJlzenesul fonmidesinMeC%ischaxmcterized,by 

a single broad and poorly defined irreversible volhamtric woe at a pt electrodet For 

p-sub&ituted la-h the hrrtf-mve oxidation potentials E$ range from +l,7OV for 3.&(p-MAC) to 

+2,79Vfor~pNOlcompoundZcandthet;rend~d(l~ybeexprsssedbyanexesa~c 

relationship and a better fit (x+=0,96) wms &tsined with Brown's efectrophilic srubstituent 

carstants crcr [&= 0.709(!: 0,08)a++2,20(! 0.03)], 

Lq@mcale controlled-poteRtial elWtrol~is of l#k-lhwe ken perforrped cm a PtL &auze taIxxk 

at potential war to the diffusion platem of the ox&&ion response ;in a MeCN-LiClOe medim 

(am&c limit:2.5V vs SC&) in anH-tm cell equipped with ion-exchange mfmbmne. After mch 

~r~~~~~f~o~t~~~~~~ it'(rE&58~tth8tarprotmsourcewrssneededfor 

thereactiontopmceedsmoo?My. Neverthless, current density decayed mpidly due to electrode 

inhibition by ~ulat~ polymeric film, etch &sing to OV(l s)every 20 8 fi588 necsmry 

in order to kepthe anodemco&ed and main&U a msmmable current flow, Electrolyses were 

generally halted after depletion of the starting nvrterial (TX check), In practice, la(30 mol) - 

wsm electrolysed at t2.OV vs Ag/U,OlN A$Jcs, using 1H LiCl0~ solution in nomin8lly dry NecN (125 

I&) containing 70% HC19, (0,5 mL) at ambient temgerhme, After trmsfcm of 2.2 F&ml the 

acolyte was purified by flesh chrormtQgra& leading to 3~~1-4~6~~~,2~4-~~- 

diazepine-l,l-dfoxide & in 87% isolated yield,% 61-M of e exhibited a molecular ion at m/z 

2lO(~~~~~N~~~~)' while its I% spestmm (nujol 1~11) WBSJ devoid of my ear&my1 hmi but had a 

bmmd NH abeorption at 3300 cm-' .%lient features in the "H M& spectrm (IlKsio-dc;)mre the 

doublet (J=!&z) at 4.60 ppa and a bro& triplet (emhmgeable with II@) at 9.46 mm due to 

benzylic mets@!!ne C(5) and mupled NH protan* zX?spestive1y, thus in&w8 tht, at 1esat in 

DW@d& ami at 330K, the tmtrmw with a proton residing on the N(4hitrogm ,I.e+e,ia 

preferred over the 2.Wtautumr 2&. Signifi~tly, "c !@'@ 8peCtrcat (-1 Of %B fMluded - 

the appearmm of sign&s at 24,4(q), 45,4(t) and 161.0 (8) pgm assigned to W-C(3), C(5) ami 

C(3) ,xT?spective1y* 

athou@ ex,#a@es of S,2,4-~~adiazepine_l,l_diaxides have been described ' S,mormub8tf- 

tuted mmpm&s at ~(31 appear to have been prepmad for the first time in our hbomtox'y~ For 

the sake of cmqsrison, we hsve ~lnverted @ by regfcrt3ekzctive methyhtim fHaH, I%@$ kkI,r*t*J 

into Nf2)arethyl derivative :(68%), whom N-Me psoton signal appeared relatimly downfield 

(0.25 ppn) as cmpmed to t&t of N(ri)-methyl malo@e ft unagbimously pm@ ac=tiM to 

Lam-Taslayo proo%dure.* ID 

In order ti detey-mim; the map@ and limitations of this one-f&&p ?&MVXYdiSatiCar S-SF 

sopeofo-axlrgl benusnesuffdh uere emwd.md in different nitrile solvents(e.g~~ pmpi~- 

nitrile, n-butyrmitrile, 2-m&hylpropicmitrile ti benmmitrila). A% cat3 bef fmen fm the 

result% %W ised in T&393, the isofsted yield3 of s&evwzX~h~licM=, 

in geneX7&1, mpt&le mnging from 66 to 879UQrthemr0, we attributad the fo=ticxm Of 
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greater selectivity of the 
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2. 

PrcKiuct stdies indicated t&t el +%&rowxidatfat of pOl$w&hylated benzienesulfmdes (ff,lf -- 

and g, involve preferential or exclusive fXzncti~i.satfcm of the Me grwp at the ortho 

pcdtion to sogH2. If m BsB\oDe that anociic oxidation of these wsupcw& pro&ace cation 

radids 1” (byrewwir@ anelectronfrvrnHcEJo), the observedpwitiuwkl aelectivityia likely 

mntionalitile in tern of the degree of lcwwst occupied Mo(JJMO) electran density on the 

armtic carban ataD (c-2) sdwt to the Me EIrwrp rr?lative tu that in the other pQsitiQn8 of 

1’ ‘li Howler, when&a&l.&www subject.& to ar~~3icoxidatiorr in&C%, a see~&@y different 

result was obtained,For me, g did notpxwdwe theexpecttsi~b~t thedehydr&~r~ in 

45% yield. The electzwkskal fornwtian of g apptwently proceeds w an initial electron 

ing step to fom a radical which urxkrgoea rapidly further oxi*tion to 1. Under i%ese 

conditions, the cation interns&ate z suffers El-type deproton&ion at the side-chain giving 

the styrewg ca~bleaf undergoing electrophilicat~ by'j ultkstely laading tog (Z%ch~ 

2). The ease of side-&&n oxidation of i-propyl group vs Me is likely explicable eitir by 

virtue of the MM3 electsan density for &"' or by etiiliaatian of tertiary vs prWwy 

bmsyUc caticms.Pre~tive electrolysis of 2,8~thyl-4-1~et mklfonw&de 3 gave 

thering-coupleddimer~ in42%yieldaatherrsinprwiuct. Attack of rwiicalcstioPII&t' on the 

&e yield of 2 ~~~XVMMM a~iaitr;Ly (ug to 65%) usins high ccwzentration (1,5N) of I_k but is - 

notaffecUdby&ange in clazxent fbrli3ity. 
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(t,J=?,M-C&), 3,12(q,J=?,n~~~.6T(d,J=S~H~(5~~,~~72(8~ SU,$Q~~~.~~ for CmHlbN&S 
z&41.73; &4,38; NI12*16r Fc~md:C,41.82; H14.45; N,12.22+ 

5(~~do~-2~~l~~f~d~ $& 58% yield. 'H NM% : 6 %AO(s,Meco~, 2.51 bQ&- 
C(2)),7,25(6,3=7,5,H-c(3)), 7,3U(br s$Q;?NH,), 7.57 (dd ,5=X5,2 ,H-C(4)) ,8,10(d,J=2 ,H-C(G)), 
10.10 (br s,NHCU),Am.l.Cslcd for C,Hr2NzO& C,47.36; H,5.30; N,12.27+ Fwnd:C,47.41; Ht5r33; 
N,12.28. 

I%WSX~. J?mxedure of Amdic Cbtidatian, A gmeral promdure is exempl.ified by th0 k&era- 

cycli=ticm af 5-chloro-2-metfUr;L-benzenea ulfonsaide ;tE. 1nth?amdckchmberaf4thme- 
capqrrrtmmt cell with pt electraies ami ~~~~0.1~~ ref@rerm is hw 5-cM.oro-2-msthyl- 

~emzlfhde lc(6.21 gr30 mmf) in 1M LiClOe (125 I&). In the cathode mmpartmmt is 
fntr0dwXd a 1M LiCIOQ solution in k&X% (125 s&f mnhirkhg 70% ~l~(O~5 8&f. The sulution is 
magnetical.ly stimed at ram tm@eXatm and electrol~ at 1,SV vs Ag/Ag+ (&sing 
techique). When 2.1 F per mol of & has passedr the electrolysis is izkemxpted ti the 
anoly-te is fm&gy&&izrtJd with 5% NlfNcQ 8olution and evaporated to dryne88. me crystalline 
residue is t&a up in water (250 I&) srwi exhsustively extmhed with dichiorcmwthne (3 x 100 

mL). FC of the evapomted organic hyer using Et.QAc as elumt gave sequentially 5-&lora- 
10%) LIIwi 8-&lcm-3-methyl -4,5_dihydm- 

5~aro-2(ace~do)~~~-~~es~f~& j& M*~*l?30~(~~~ MO.27 @mIk); 'H NM% : 6 
1.95(s,Msoo), 4.65(d*J=4,~~~~, 7,7O(br s,S+NH2), 8.45 (t,J=4,afgMi),EI-MS: 262[M~{~~CI~,~~, 
219(6), 204(22), 202(23), 164(40), 182(1&o), 181(40), 168(34), 166(43), 141(42), 140(31), 
139(48), 138(54)+ Arml..CaIcd fo~~~~~~*O~S~ C,41+14; &4.22; N,lO,66, Fumd:C,41,21 ; Ws4.34; 
N,l0*58. 

M~N),7,5O(d,J=8,H-C(6)),7,76(66,J=8,3.6,~~(7)f,7.75(d,J=3.5,H~o$)~, %60(t, J=3.5, H-C(b)), 

ET-MS* 244~~(3~~~~~1~%~ 133(14~, 1~9(11~~ 141(483, 140(52), 138(1~~~ 111(28), 102(24~~ 
89(36;, 77(46), Am&C&&d fur CpH,ClN2~S: C144.14; H,3*6?; N,ll.44.Fomd :C,43.99; H, 3,711; 
N,lfr38. 

3~thyl-4,5~ii-l~2~4~~~~~i~p~-l,l~~id~ ~:M,p.203*C(6Ml\c);ZR(nuJol): 3300, 

1575, 1460, 1280, 1130, 1080 an-'; w*(M) :240 ~1; 'H NMR: 6 1.96(s,Me-c(3)1, 4.80(6,5=5, 
H-C(5)),7,82fdd,J=8,1i511 H~(3~~~9.46(~ t*J=5~~~N(4~~. i3C NM: 161.0(s), 142,1(s), 133,0(d)* 
131.8(s), 129,0(d), 128.6(d), 125.4(d), 45.4(t), 24,4(q)* 

8-Fl~~-3-ge~l-4,5~i~l~2,4-brJ g :tikwless &am?, 'H NMOZ 
6 2.~(s,~(3~~~ 4.78fbr s,H-Cf[i)), 9,58&r s+ S&NH%), Anaf. Mcd for C@+F?+Q@: C,4?,36; 
H,3.97; NB12r2?c Found: C,47,41; H,Q+OB; N,12.32. 

t,J=4~H-N(4}~"~1.~1~ far I(jH$rN&S: C,37,35; H,3.11; N,9,68.Fwnd: C,3?,12; H,3.04; 

N,3*61. 

J=8,2,H-C(7)), 8,~5(d,J=2,H~(3~~, 9,42(br t,J=4,H-N(4)) l Anal.Calcd for C&N30&: C&42.36; 
H,3.55; N,l6,47,Fcstmd: C&42.21; H,3.49; N,16c38, 

d,J=8,H-C(7)), 7,76&r a,H-C(S)), 8,16(br t, J=4, H-N(4)f.Anal. Caled for C~~H~~N~O@: C,53*37; 
H,5.39; N,l2,49.Fotmd: C,53,39; I&5.42; N,12.53. 

3,7,9-Tr~~l-4,5-d~1~2~4~~i~p~I~l~i~id~ Z&H,p,l6++Z (E+Dk$;'H MB : 
6 1,9O(s,k-C(3)), 2,33(s,k-C(7)), 2.53(s,Me-C(9)),4.75 (d,J=4, H-C(S)), 7.16(m,H-C(6) a& 
H-C(8)), 9,38(br t,Jti,H-NfQ)),Aml, Calad for GItH~~N&S: C155.46; H,5.92; N,11.?6* Found: 
C,55.39; H15.S8; N,11.71, 

3,6,8,9-T~~thyl-4,5~~1,2~4~~~i~p~l,l~i~ ~*M.p.213~~(~~; 'H 
PM% :~1,3O~s,~(3~~~ 2,25 and 2.37(2 x s,k-c(6) anf %-(X8)), 2*~(s~~(3~~~ 4483 (d,J=4$ 
H-C(5)), 7,3O(s,H-C(7)), 9.42(h t,J=4,H-N(4)), AMJ., Calcd for C~~HlgN2$S: C15?*13; X,6.39; 
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N,ll.lO. Found:C,57.23;H,6.31; N111.15. 

3,5-Dimthyl-8-nitro-4,5~i&drt~l,2,4-~tbjad~pi~l,l~ioxide Z+Lp.280-2PC(ESMc); 'H 
NMR 6 L81(d,J=6,MwC(5)), 2.10(s,Me-C(3)), 6.03(dq,J=6,4, H-C(5)), 7.82fd,J=8,H-C(6)), 8.58 
(&,J=8,2,H-C(7)), 8,74(d,J=2,H-C(9)), 9.08 br d,J=4,H_N(b)). Anal, &Lcd for ClOH1lNz~S: 

C,44.62; H,4.12; N,15,61r Found :C,44.57; H,4.08; N,15.68. 

EXbyl-4,5-dik&ro-l,2,4-~thinrlp~l,l-di~de l+M.p,154°C(lM%c);LH NMR 5 1,04(t, 
~]7.5,~,w),2.23(9,J=~.5,~~~~ , 4.64(d,J=5,H-C(5)), 7,65(dt, J=7.5,1.5$ H-C(8)), 7.67(dt, 
J=7.5,1.5,H-C(6)), 7.?9(dt,J=7.5,1.5,X(7)),7.68 (dd,J=7.5,1.5,H-C(9)), 9.37(br t,J=5,H-N(4)). 
Anal Calcd for CI$~~N$&S: C,53.57 ; H,5.39; N,12.49.Found:C,53,41; Hs5.29; N,12.37. 

3-(n-~l)-4,5-di~l,2,4-&eneothiadiau3e G.M.p.172'C (AcOEX); 'H NMR 6 

0.73(t,J=7,CXzM& 1.5l(sext,J=7,CX#e), 2.12(t,J='?,H-C(3)) 4.75(d,J=5,H-C(5)), 7.4-7,8(m, 

H-C(6), H-C(7) d H-C(8)), 8/?7(dd,J=8,3, H-C(9)) , 9.30fbr t,J=5, H-N(4))Ana1,Calcd for 
C11HI,,N2UJS: C,55,46; H,5.92; N,ll,76,Found:C,55,21; H,5.89; N,l1.83. 

8~ro-3(n~~~~}-4,5~~~,2~4-k 12 .H.p.165-8°C(Ac0Et);'H 
NIB:& OAO(t,J=7,M&}, 1151(&,J=7,~#e), 2,16(t,J=7,H-C(3)), 4.?6(br s,H-C(5)), 9.51&r 
s,H-N(4)),An~l,Calod for CtlH&l.N103S: C,45.75; H,4.54; N.9.70. Found:C,45,69; H,4.59; N19.61. 

3(2~thylethyl)-4,5-dihydro-11214-benu>th 13.M,p.181-Z*C(EtQAc) ;IR 

(QE1~):3420,3300,1575 am-';'H NMR:& l.OO(d,J=7,Me@i),2.42 (sept,-J=7,HC%e2), 4.78(d, J=5, 

H-C(5)) s 9.28(br s,H-N(4)). hal.calcd for CilHlqN$32S C,55.44; H,5.92; N,11.75. Fomd: 
C,55.61; H,5.98; N,11.69. 

8-CXloro-3(2-m&hylethyl)-4,5-dthydro-1,2,4-benzkhiadi~pine-l,l-dioxide ~~M,p.138"C(Et0Ac); 
'H NMR:6 l.00(d,J='7,Me2CX), 2,33(sept,J=7,H-Q&& 4.75(d,J=5,H-C(5)), 9.43(br tsJ=5, H-N(4)). 
Ana.l.Calcd for C11H13CU$&S: C,48.44; H,4.80;N,10.27.Found:C,48,51; H,4.78; N,10.35. 

7,9-DMAAyL-3(2~tQtletbyl)-4,5-dibydro-l,Z~4-benz&hiadiazepine-l,l~ioxide l&%lrio~~ 

glass;'H NMR:6 1.00(d,J=7,k2CH), 2,40(septsJ=7,Me$X), 2.31(a,MeX(7)), 2.53(s,Me-c(9)), 
4.70(d,J=5,H-C(5)), 7,llf2 x s,H-C(6) and H-C(8)), 9,2O(br t,J=5,H-N(4)). Anal. Calcd for 

C~JH~~N~O~S:C~~~.&I; Hs6.45; N,10,55+F&; C,58+91; H+6.41; Ns10.65. 

3(2~thylethyl)-6,8,9n~~~~~4,5~~1,2,4-~~~p~l,l~~de 16, Ammghom -- 
gh; 'H NMR:fi l.OO(d,J=?,Me,CB); 2.25,2,35 arxi 2.45(3 x s t Me-c@) ,k-cW and k-c(9) 1, 
4.85(d,J=?,H-C(5)), 7.31(s,H-C(7)), 9.25fbr t,H-N(4)). Anal, Calcd for CI~HI,N~@S:C,~O.~~; 
X,6.85; Ns10.02. Found:C,60.25 H,6.79; N,9.95. 

3+#enyl-4,5-dibydro-l,2,4-benzothiadiazepine-l,l-dioxide ~.Anwrphous glass; 'H NMR (CDtXx):$ 

5.08(d,J=5,H-C(2)),7.2-7.5(n ,mcmmtic protons,6H),8.04(dd,J=8,2,H-C(9)),9.OO(br d,J=5, H-N(4)), 
Anal. Calai for C1GH12NZ02S: C,61.?6; H,4.44; N,10.29. Fou&: C,61.58;H,4.35; N$10.18. 

2(Acetamido)methyl-5-b-W ulfow&de g M.p.183%(EtGk); 'H NW:6 1,98(s,m), 4,68 

(d,J=4,5, cH2NH2), 7,7O(s,~N&), 8,45(tsJ=4.5,NHCO) .Anal.Calcd for C9H1#rN2&S: C,35,14; 
H,3.60; Ns9,12.Found:Cs 35.20; H,3r65; N,9.21. 

2(Aoetamido)fnetbyl-5-nitro-~ ulfmah& 5e, Amrphur3 pale yellow foam;lH NMR: 6 2.02(s, 

-1, 4,90(d,J=5scL12NH), '?.70(s,SOnNH1),7.8~ (d,J=7.5,H-C(3)), 8.10(t,J=5,NHCXI), 8.38(dd, 
J=7,5,2,H-C(4)), 8.55(d, J=2,H-C(6)). Anal. Calcd for C9HllN3@S:Cs 39.56; H94.06; N115.37. 
Found:C, 39.61; H,4.10; N,15.40. 

2(~~do)ethyl-b-nitro-~enesulfonamlde 51, Amorphous pale yellow foam; 'H NMR: 6 1.41 
(d,J=7,McCX), 1.85(s,Heco), 5.7O(dq,J~%~=7,M.X), 7,7O(br s,SO#K~), 7.85(d,J=7.5,H-C(3)), 
8.42(dd,J=7.5,3,H-C(4)), 8.50(d,J=3,H-C(6)), 9.OO(br d,J=S,NiKXI).Arml. Calcd for C10H13N30sS:CI 
41.80; H,4.56; Ns14.62.Found:C,41.92; H,4,66; N,14.70. 

2,3-DiPethyl-4,5~l,Z,4-benzothiad~~l,l-di~de 3 was prepmA accow to 
Fe-z-Tm et al' ss an anxqhms colorless ghas; MO.32 (EXk-%AX,9:1),'H NMR:6 2.10 -- 
(s, &-C(3)), 3,00(a,k-N(2)), 5.00 (s,H-C(S)). hal.cBlcd for CioH12N2&S: C, 53.55; H,5.39; 
N,l2.49. Found:C,53.65; H,5.43; N,12.51. 

3,4-Dhkhy1-4,5-dih@ro-1,2,4-hmzo~i~ine-1,1~ioxi& i. To a solution of 3 (175 mg, 
0.83 mol) in drcp IXfF (10 mL) = sdded fJsH(Gox in oil)@8 -,0.95 IRMA), follcwed by !&I(60 
@,,0.95 mol).The nixture was stirred for 10 h at rocm tmperature ami the excess of NaH was 
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f3fAnodic oxidation of o-tuluamide in MeC%tlM LICU$ using piLshg techique (20 s at 2.2 V/l s 
at 0 V) is vary dean, gmcxhcing arily 2~a~~do~~~l~~~le~ m.p, 125~C~~~ in 41% 
yieId.For the sake of mmparissn,2-methylthiobmzmd de = amdicaLly otidized under similar 
mndftiom(2Os at 1.2V[la at OV) givhg a cuuphx mixture of pmxiucta.These results will be 
reportedinduecxxmse 

fIXEbersm,L;Nyberg,K. Acta Chiem Scand,l964,18,156? ----- 

f?]For muss spectral behavicnar of thse cmpoundslsee: Vcrtt6ri,U.;LRiara,G,;NssliilMI;~~,G. 
org.Maas Spectr*l9B4,19,280 m-e 
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J,B. J,He~cl,Ches.1968,~:,719;d)T~tino,Ut;Ci~lfaclG.~~t~t SpA),&%tiah I?w.89&,H50 
(ChaPr.Abstr.lSti2,57,13784f;e)~i~t,J.B.{~~ Co.f,F'mmh Rrt,$,671,016( Chm.Abstr.1970,72, --I__ -- 
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