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Abdract. EIDc~ mknhttin of mclal.e UK! pyrmle r&h arlfoudea ud acti 
Wlhydrldee beds to the Corm&_lon of indole-MfoniiJm BalLB and pyrmlD-2-nulfonlum 
enlts. lhsss are deprutwted *lth potmniJa cNbon.st8 to (Jive indole-FaJronwm 
yLden and py~mle-2-eulfonium yLder An Lndol+Zaulfonwm yl&~ I- obtuned by 
methyl&n end muent deproton&on of 24nethylthiolhndole. 

Indole yhdea an3 a relnhvely un(cnorn clu of compcundr The only reprs+ntattvw reported w far, come 

F(dimethybulforuohndoLde8 wt&lttid and umubstat uted in the 2-p-n. have been prspamd by Davw 

and comorke~~~‘~*’ aa mall m by Hacker et al’. The Z-unubdrtuted ~~&methykulfonu,hndoti (5, mm 

obtained by methylatin of ~methylthx~hndola rrth methyl I&& end abssqwnt depr&~~tx~n rith eodwn 

hydride u1 ether. The mtermedute PJ1fmm salt for the ~_(&methyh~Womo)_2-phenylindoLde KI accearrbb 

by cow 2-phenyl1ndole rlth timethytarlfoude, a reoct~~~~ of limited sope. In thm paper re report 

thertfore a dra+t forrard appmoch to indole- end pye oniun ylidas by electropfulx Wutron 

of the hetemcyclrc rings rdh sulfoudee m the prwwnce of ecld l hydridea5. 

Thu attack of electroph&a VI the &p&Lon of tic&? b wall documented6. Tonxte et al_’ have sho=n recently 

that arlfur l lectro9hrlss, e.g. a~~~~midc+eulfmu~n eal& p)so form muhon producta at C-J. Even better 

alectmphrlsr are acylor~onurm nalta, eamly obtained by mlunq sulfoudee and acid anhydndw at lower 

tsmpereturea’. In our hood, tnfioroacetx anhydnde (1 A A) or tnfLomnethmeaJfonx l rhydnde (1 F MSAi) 

have proven to be excellent l chvatmg l geote for the sulloude bord9. 

By mmply stsrinq equimolar amounts of indole (A), arlfoude (1) and TAA UI CH2CL2 at -3O’C. and eddin 

e&wqwntly on rqwols eoLRiocl of lithium peFchloret.e, the cri&a&na Lndolyhrtronu,m pe&xlorrtae 1 an3 

prsciprtated m&h diethyl ether from the orqmic phoss. By thin method *h&x, rrometic and cycloal@rtic 

arlfoxidea have been transformed into the co~ndinq eulfoniun salts 1. 

E CHY 9 141 58 4 tC’4212-O-[CH212 180 100 

b C6H5-CH2 C6H5-CH2 166 5) e ‘6”) C5”r 
1Y6 50 

c [CM2 I, 106 86 ! P-CH,-C6HA p-CH,-C6H, 215 71 

+) Thiu paper is de&at& to Pmf.E.C.Toylor with ba& riha, for ha 6SvI birthday 
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Structure 1 in ~portsd by elemental tiyaia wul apsctrosroprc dota bee erpenmental port). Ae expac- 

ted for a eubtituhm at C-J of the ~ndole ruq, the hydny)en rt C-2 m dufted to rrthcr lor field UI ‘H 

Nnfi apectxa (6: 7.954251 and chuact~nzed by l couplq of about >.I Hz to the NH qmw. In mod 

csa# depmtonsuon of 1 can be acfueved cmveruentiy rlth potrpua cwtwwts in Cti2Ci2 et rxxsn tsmpe- 

raturs. The indaIeku1fmwm yluW 5 M forw+d in nearly quuiW&ve yinid am coiourti cfyrt&a further 

pmfuWim by rec~rt.xm s generally occompmied by hewy Loas of meteri& 

InthelH NHRaectraoftheylula,4thehy~n~t C-2arecordedssaslngletandsaiqnrlfor NH 

II) numsng. In general all peaks am shrft.ed to hqher fW compared r&h the corrsapondrng 

Thh, ia aqecially true for the yllde earwn c-3 Ln the ” 

mllfonium Llal! 1, 

C NH R spectra, &or&q e shift diffemncs bstmeen 

11 end I8 pin: 0.9. b = 95.5ppn (&I end b = 76.7p~m @t”. 
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a2 l P L°C I 

r C”s C”Y 121 

h r~~212-O-[CH212 191 

r P-CHJ-C6H, P-CHJ-C6H, 162 

Attempb to dcprot.matc the fhndolylbkrahy~~ parchlorrbc (3& with K2COs m CH2C12 

always bad to an OLI of h@ viacmty, rhwh could not be cry&allized or pudfbd further. Ye up~,as thrt 

Vu, ylida forrod in the fI& Cep m u&able and Vut l subsspumt interoalcular tmramlkylotioo be&moon 

tJw arlfonium grwp rnd va in&la nitrqan bode to 0 palyieric D&al-&. itus JntLqxwtitw, s isupPorted 

by the b&evuJur of the J-(Q-Oxn-thiuwnhndalide~ (4.&j. Uhsn g m hooted for shout 15 aLxrtsr to i50-l?O’C, 

& melta and m4idifsm to a CQ&&UW compwnb, rhtch k, not the expected indtalophwe 6, but 8 polymer 

with the repsotUrg urut L occom to nabculw mai@ detbrnulotwr by &I crywxqic method and by 

LIII) spect.romzopy. The mell remlvsd ‘M and 15 C N W R daU of 1 clearly ln&cM~ the mqrotron of a carbon 

atom from ulfu to rurxogm bse sxpsnaental part). Thu. the tro 
1s 

C pooh, for tJv3 ore-tJ&w~n fin9 

~12 M tronsforaed into four dQuL UI the prodrct _! co- to S-C HZ, N-CH2 end two 0-CH2 

c*rbul rtonr 

teav%g (~ac~y~f~~ (g) in aalutim rvor8l daya at mom t8rperat~~ or hartin it tidy, 

tr8malkyIDtim bad. th far&m of I-rethyl-54rethyiuuobnd& (31. By hestlrq cbaryl lndals ylidee 

only dacompodtron ti obrrved. One of the dsonpmUm pmducta of & UPI) idetifti ea dr-p-talyl ulfide. 



Itire we no methods l vulmble for 0 re9impecifrc electmpUic ak*ltuUon l t Va Z-paUon of indole. 

Therefore in&&-24fonwm ylidee con only be obtmined by e mo~b -al l pfrroech. By trwtment of 

the 24nd&nom (8) *ith CorawKm reqmt (LR) the 7-e 2 rcl obtatwd and dlrectiy l ethyw.od 

rlth dlmethy1 a&f&4! to form the 24methylt.MRhndaLe (lJP. Stxun9 alkylatinp qenb axh UI methyl fkmro- 

eulfaute convert u vrto the wlfonium MB II, rtuch cm be ~tonstsd in the UsJal may by K 2C 0, 

to pave the 24daaeVlybJfuuurIindaLxls (IJ) w what471 need&m. 11 bee only 8 limited &mbiMy. Remrrengenent 

to the I-methyl-2~nethylthzokndale (El 18 complete wUun 8 fern &rye l t room teapereture, even in the 

sad et&e. 

w H H 

8 0 10 

0 

CU,SO,F 
10 - SCH3 

Pyrralrc2 -8 Ybkm 

Llectrophtlic eubhtutun of p)r+ral.e (&, ma&h suifoadee 2 end I A A bade to l mixtun of the 2- and bx.alfo- 

mum &.!.a JJ and a even et -65’C. Ths Z-Isomer prevoth, ti may be obtained in pure form by recry&& 

liz&on. U&h a Las necirve &ctropU?, a~& WI the ozeaJfa\Lum as& G the 2-isomer 11 m the only 

reectun product. lhm hae alreedy been d\own by Mudordd et al. 
12 ) *ha propored the chloride of 150 - 

bythra route. In thei~ns ray 1Sb and 15~ am rlso accmWb&, buttkmectm f8ih for theeynthe&e - - 

of duryleulfowm e&a such ae l5d end 158. - - 

(1 I\ I, 

ii 

14 

L? 

15 16 

R2 SP [OCl yield [t] rotio 15:16 -- 

E CHJ 9 129 91 981 

!t tCH21, II 56 ).?:I 

c tCf1212-0-lcH212 130 54 lS.3:1 

s! '6'5 '6'5 185 97 9tl 

g p-CH~-C6H4 p-CH,-C6H4 is4 66 19;; 
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fhe formhon of pymle-kdf~m eeib 16 b fxwn~md by e&aet&~mta at the nitrogen atom. Sta&g 

mrth N_(tnaethylailyUpyt~&~ dielkyi or cycloaikyl eulfoudss and 1 AA, the tnrathyhrlyl group IS split 

0fT dunnp the moctiocl and 0 nearly 1:l retie of the tifonium ti u end s m8t3 molnted. With eilyl9mvps 

even more bulky, e.g. fQmetJ+tdrt.butylJmlyl, the S-nwn~lr pmv& the yields, howwar’, drop &o&rally. 

The dructurrl awnpmmt of Q and 6 b euppxtad by elemmbl l nalyg end apectmropu: dote. Ihue 

in the ‘ii NMR spectra the Z-momerr g &WM l coupl1n9 conetents of abolrt 6 Hz, charecteMtrc for f-H and 

4-n l J (0.9. m: ‘J 1p = J.9 HI. ‘J4 5 = 2.8 HI end ‘J ) 5 = 1.5 Hz). The 1% NBR spectre alior a dxf- 

femntiatw~ betmeent fi and 16 basei on the C-H co&q con&ants; the carbon otore a to nitrogen generaliy 

&on ‘J-cocrplurg con&ante about 10 Hz bqger than thoee of the &wbone’6 (0.9.15: ‘JC_,,” 5 178 Hz, 

13 : 176 Hz, lJC_5.H I 189 Hz). A 2D ’ W I3 
C-4.H 

C cormletion uwhceta~ that the hydrogen etoe at 

bra* field 0-H) II) attacked to the cubon at lore& field (C-51; the name UI true for the carbon and hydro- 

gen peaka rt hQhe& fiEid (4-H and C-4). The pyrrakZ-aulrocuum ealts E can be dcprotonatad meet con- 

wuently by &n-in9 r&h K2COj in CH2C12. The ybdw obtased em xn general colou~bes, cryatrllinc end 

hygmropur mllda, etebic st room teaperetrrre.lhe pmparatxw of analytxally pure semph by mcryrtall~stion 

or mpmc@tatwn 16 ecconpstued by heavy lust of materuL In most caeee, however, further punfIretion 

IS unnecedwuy. The py~role-24ulforwn yl&a fi form a NI clam of sulfur ylidw. Only the meat ample 

mprsasnhtwe, the 2-&msthyhulforuo)pywoMe (=I, hm been darnbed &ependmUy ul l dimertetron 

by Honks, that hse coma to our att.mWn after conpbtun of thm work”. 

The deprotonetsn of the a&fown e&a fi YJ occompenied by a high f&d aft of the I-H end 4-H 

aignale in the ‘M NRR apeclNm; MI 18d Uus effect Y) alao observed for 5-H. The ylides & are further - 

churtsrued by a ~neral decmar UI tJw coupling cofmtanta for the pyrmle protons, eepeualiy for 

(0.9. j&z ‘J, rc r JA Hz, ‘J4 5 = 1.5 Hr, 
4 

‘J1( 5 
t 

Jj 5 - 1.2 Hz). In the 1’ C NRRapoctraof~thcBgnalfor 

C-2 m farnd t&tmeen to5 end’109 ppm;a p& r&o Dkatved for the cowmpondvrg aa&.e Q. C-5, however, 

hone a &rong domnfti duft of about 10 Hz end C-5 n well re C-4 ahon I moderate to etrong upfAd 

*ft. 

0 

c,* P l K,CO,/CH,CI, - 

18 
UI 

le I” l P f°C I 

!! CR, CR> 62 

Ir w21, 99 

c (CH212-04CH2 I2 175 

I! p-CH,-C6H, p-Cn,-C6H6 184 
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Pyrmlm w&h an t!Aectron iithkauinq gmg YI the 2qomLion dlfwct on incQ8rnmq sktrophlls totirc-or 

)-prxUn16. Ihe *a&on L fauoured *hen tke -I4 effect of tJm 2akrtituent or the hatbras of ti 
17 

ettockinq elecfx#tib m snxwaed . iz-ANtyl!pyrmle UId mathyl pyrml-2carboxylata om only u&B&t&- 

ted by the no& reactive culfoudes (Uch ee &methyl suffouda end tetrehydmU~@~~ ulfoxide. Even in 

thee0 cnees the ylsiQ, do not exceed 50% if tntluoro~cetac l +dnde (1 A A) h umd as an l 2tivdor. Ytth 

tnfluoroncthu\sarlfonic l nhydnde (TF HSA), however, and tampe~~tutoe ebaut -1OOC the nractun pmcee& 

well 9lvln9 0 mutUre of the pywole-3-eulfoniun perchlowta s and tru pyrmie-Z-eulfmbuIr percttlomte 21. 

Y&h the exception of 2& VW pmdoosne&nq momer 20 could be &cd by froctimrl recryetallxot&x~ The - 

atbtttutror, pettnm B clearly ~M~stad by the couplinq cocatnta ‘J1 ,, &out 4.2 Ht for the J-wner 3 
_ t 

md ‘J&l about I.8 Hz for 2-momer 2. 

20 Ri - R2 R’ rP 1°C I yield [tf ratio 20: 21 - 

r, CM, CH, CH, 204 (dec.) eo 5.7:1 

!z w21, CH3 205 (dsc.1 94 33: 1 

c C”) CH) OCH3 - ‘IO o-5:1 

2! W2l, OCH) 225 72 7.3:1 

Oeprotonetton of g con be schrsved rqavc rlth K 2C 0 ,/C H2C12. YeveMelem the expectid pyrmle-rcul- 

fofuum ylrdee pixwunn 9 en electmn-rlthdtorinq qmup UI the py-rmie nn9 l ru IIWB stabla than the unxub- 

&tuted pyrrole-Z-wlfonwn ylides 2 end could not be ieolnted in purs form. 2Oa qave 8 muturu of deconpo- - 

&wn producLs rheruae 2ob on0 206 lead to a polynerir mat.&& pmbebly ulmslar u1 etnxtun to 1. - - 

Heanrhrk, I)O have 8uccoec)sd in pnpsixnq pyrmle-kilfofuua salta ” nE4mtltutQd In the 5-nembemd ring 

by an sod cetalywd mrrrangement of the pyrrole-24~lfofuun a&s g 18. Their synthetlm end deprotonotlm 

rffl be dmcwwd UI a foliowng peper. 

Aciaaorbdqcmwbr - Ye would tire to thank the Dtutshe ~oftwhunqqenswrhrft end the Fonde dcr We- 

murheo Inaetnc for fmancuf support. 

E%PZRI?IfNlAC 

t4elLuq pate *err determti rlth e La&z-HeM,xuzhmlru*cg HM-lux end on unconrctsd. IR qectrr 

mere recorded with 8 Pet%uwElmer 257 or 298 epectroghotometer. mace epectro mith the Vacuum Cenereton, 

70-70 lf&nJ n cnt. 1HNNRspectrs~ereoblauwdonaT60~M)~Hz)oraXl l~(l~~~~)ofVa~n 

Amocutea ee well 90 on e C X 600 &OO 14 Hzf of JeoLl’C N I4 R pectro were rvco& r&h l Varusn XC 

lM1 or a Jeol f X 100 epectroreter. ~ult.&x~e em meted ae s (m@et), In (broad mngbt), d :doubLrt), 

dd (double doublet), t (tr@rt), bt (brood tnqbt), q (quartet) end n (mul~let). 

flMndol-S-yUdrmethy&ulfo~~~r perchlorete D& To l Msred eo&twn of lrrdolo (L) 10.599, $a D~U end dt=ethyl 

eulforLQ (&I (0.399, Smnolf in dry CH2C12 f2Omr) trxfluomocetx enhydrsde (IAAI fl.OSq, 5~aolI UI CH2Ci2 

(5nti ie added rtrognrsc during 15 mm. After rarmxnq up to room temperature the roe&on mixture ie aken 

rlth 8 rvtureted solutrm of Muurn perchlorate Y, watdr (2OnU and the oc)ueous phem extracted 5 trnee 

u&h nltrorethene (IOml). The combured OKJUQC layen, am dried over CoCL2 and dwthyl ether m added up 

to a begvrniop chdurr& The cryotPUs ocpuottng u, an ace both 8m ftltsnd off and recr+ailized frcm 

methenol w&h add&mn of chorcoalz 0.609 (58%) colnurbm cry&alla, np. 141’C. C10H12ClNOqS (277.71, c&z. 





lodole- sad pyrrolcruuomiunl yii&a 3267 

%&-O~a-W8nwr&xloii& (4&l. d (1.609, Sm Watt and K2C0, qavs l f%er racryut4lketion from acetone/diathyi 

etJmr calourkm crvr*rlb, .p. 191’C. Cl2H1,NOS (219.31, c&c. C 65.72 H 5.97 N 6.39 S 14.62; low-d C 6S.71 

H S.90 N 6.33 S 14.46. W7U sVk n/e : 219 (100%. N+). IR(K8r): 3OS0, 2910, lS90, 1415, 137s. 12S0, 1095, 

765, 75s. 48O~n-~. ’ H N~R((D6)O~SO~ 7.9) fs, 2-H). 7.43-7.62 (m, ama&. HI, 6.8E6.97 (cl, l ronet. Hf, 

3.2fM.32 (m. thlnUM HI. “C NMR(CO3OOk 150,s. 129.2 (C-30, -70). 146.5 (C-21, 121.5, 120.9, 119.7, 117.4 

fC4, -5, -6, -71, 80.0 (C-l), 66.7 COCti,), 41.7 (SCH2). 

3-8s(4-methylpheny~oruo vdalrde is). If (2.lSq, Sm mall and K 2C 0, qavs eRsr mcryatelkrtion from 

lHF/petral&her cakoutlea~ crvatrus, mp. 162’C. C 22H19NS 029.51, talc. C 80.20 H S.81 N 4.25 S 9.7); 

found C 80.00 H 5.80 N a.04 5 9.82. HS(?O eVk n/e = 329 (4.0%, H-1, 214 (100%). IRfK8rf: 3040, 2920, 1595, 

1415. 1255, 1220, 1160. 825. 750, 505cm -‘. ‘H NHR(COt1,): 8.00 (s, 2-H). 6.70-7.85 (I, wvmat. HI, 2.35 

(s. CHS). ‘3C NHR(CDC1,): 151.7. 128.2 fC-30. -70). 148.8 (C-2). 142.4.1M.5. 128.3, 127.5 kolyl). 119.8, 

119.5, 116.0 (C-6, -Se 4, -71, 74.9 (C-5). 21.0 fCH3). 

PolYl1X-uw)al-1,F~yl-3~l~x~l*~x~~Y~~ (7). g (l.lOq, 5a mal) ma he&x! to ISO-170% for 

15 man. Afkr coolwq, the rumwunq ail crystalked by eddkon of &ethyl ether: wh&+qrey powder, rp. 

113’C. IC12HL5NOS), (219.Y),, talc. C 65.72 H 5.97 N 6.59 S 14.62; fwnd C 65.14 H 5.89 N 6.21 S 14+40. 

IR(KBrk 5000, 2910, 2850, 1495, 1455, 1X0, 1125, 1105, 1010, 7&.-l. ‘H NRR(CDC1,): 7.40-7.70 (n, 

2-H). 6.70-7.10 (at, emmet. ti), X7&4.00 (bt, NCti21, X10-3.60 tm. 0CH2f, 2.40-2.80 (bt, SCH2). ‘3C N?iR 

(COCl,f: 136.5, 130.1 (C-30. -?a), 134.1 (C-21, 122.1, 120.1, 119.3. 109.7 (CA, -5, -6, -I), 103.0 (C-31, 70.0, 

69.3 :O C H2’. 46.2 (NCH2), 35.7 (SC HZ). 

Z~HethylthiohndoM&). A suapenaon of ~-u&~MI~w (4) (5.999, 301~ aal) and Lsremwn noqent (6.O?q, 30m rn& 

M-I tolume (15.0mU ie drmd at mom tcemperaturt for 48 h. The moctton mixture m filtered, the advent 

removed m vacua, the medie dtaealvcd u) 5% aqueous NaOH (5081) and treated droprim r&h dimethyl ~&fats 

(1.16q. 331 moU ur methanol (lSnl1. Afk 12 h ether n, added, the orgnu: layer dned over CsCi2. the solvent 

evoporstud end the rem-9 oil datrlltd CKuqelmhrf: Z.Oq, 41%. Recryd&l~&on fmm n-hexane 9eve calour- 

iem c~staile tmp. 51OCl. see lit.“. 

~~_H-lndol-2-ylMiaethYk~lfoni~m tiamarlfonats C_?L). lo a a&t&x of fi (1.6Y9. IOn nol) II, dry C H2CQ (6ml 

sa added drupmwe r&h atvrsnq methyl fhommlfonrte f13Oq. 10.5mmoU ~1 CH2C12 f6m0. A(tsr 12 h the 

*h&e preclplL&e (2.>59, 85%) re fillerad off and raked rith sVler. ep. 122’C. CloH12Y0,S2f (277.51, cak. 

C 41.31 H 4.36 N 5.05 S 23.12; fatnd C 43.14 H 4.29 N 6.91 S 23.40. IR(KBrk 3420, 1305, 1285, 1080, 100% 

755. 590, s8Ocm-1. l H N?lR((D6] O?+SO): 12.6 (bs, NH), 7.73 (d, 7-H. 3 = 8.1 Hz), 7.61 (d, 4-H. J = 8.4 Hz), 

7.45 (d, 3-H. J : 1.9 HZ). 7.38, 7.19 (I, 4-, %H, J : 7.7 Hz), 5.39[S(CH5)2]. “C N?!R((D6]OMSO): 158.8, 

126.1 (C-?e, -3e), 116.9 (C-21, 125.4, 121.7, 121.1, 112.6 (C-4, -5. d, -71, 111.9 (C-3,. 29.2 (CH,). 

2~D~methyk3foniohndde (QI. YLh _tl(l.489. Sm mol) follorsnq the pmcedum for 9. Colourlem needlee 

(O.Slq, 60%) from CHCl,/ethsr, mp. W-89’ C. Cl0 11 H NS.O.5 H20 (186.31, talc. C 64.48 H 6.49 N 7.52; 

found C 64.65 ti 5.95 N 7.19. lti NHRUZDCl,, Ooo FIHzf: 7.67 cd, 3 = 8.6 Hz) and 7.62 fd, J I 8.0 Hrf (?-, 4-H]. 

7.14 (t. J : 8.3 HI) and 6.97 ft, J = 7.5 Hz; [!+ 6-H], 7.00 18, FHf, 3.07 (s, %CH,12]. ‘3C NnR(COC13): 

149.3. 129.4 (C-?a, -38). 119.0 (C-21, 122.0, 120.6, 118.4, 117.9 (C-4, -5, d, -71, 107.5 (C-51, 30.4 [%CH3)2]. 

(1H-P~rrol-2-~Udinsthyka perchlaete (fi) 

Procedure A: To II Qrrred aol&.on of f&y &sUkd pyti (0.679, (1Ommol) and &methyl culfoxub 

fO.?Q, 10mmaLf u1 dty CH2C12 (4Omll TAA 12.109, lOmm& ~1 C!Q CH2C12 (lOmU m M&d droprim dus~q 

15 man l t -6S’C. After sarnm up to room temperaLum the reactin suture m ho*en mth a saturated 

salukon of LiClO4 u1 water (OOmt, end the aqwas layer extracted Y tines rlVl nitmaethene. The combined 

orqanx layers en dned over CeC12 and chsthyl etJwr s added up to e beguuw) CJ#XWKU ihe cryatalie 

sepsrstrng in an xx beth ora filtered off end mcrydallusd fmm math&ether with churoak cotikl? 

cry&elk (2.209, 94%) of 150 (ebout 90%) and 16a (about 10%). Pure 1% JS obtained by repeated ractyatalli- 

z&on fmr methenol/ethec mp. 129’C (de~.)~.~~ IBP. 12&129°C~6H10E1N04S (277.7). calr. C 51.65 
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H 4M N 6.15 S 14.08; found C J1.67, H 4.40 N 6.26 S 14.15. IR(K9rh X110, JO40, 2950, 1440, 1150, 1065, 

1025, 1005. 785, 6Xx.-‘. ’ 

Q-H), LJ6 s, %CH,12 ; 
C 1 ‘J 

Ii NMR(C0,N02, 02011 10.51 (br. NH). 7.39 (dd, 5-H). 7.07 (dd, FH) 6.43 (dd, 

) 4 = 3.9 Hz, ‘J4 ) - 2.8 Hr. 4J, 5 E 1.5 Hz. “C NMR(CD,CN): 128.9 (C-5, 

d, ‘3 = 189 Hz), 12D.2 (C-5, ld, ‘3 = 178 tW;lA2.2 (C-4, d, iJ - 176 Hz), 107.1 (C-21, 51.1 [SWt,)j. 

Proceaas e: lo a &irmd ml&ion of N-chloroucclni~lda (4.LII9, JOn l oU in ~IY C H2C12 (3OOnD vder 

n otmoqhem of nitroqw Qmethyl arlftie (2.059, >Ymmol) ln CH2C12 (10~1) m added do9ly at -1O’C. 

Arter 1 h the reactun muturn m coaled to -lD°C, pyrr& (2.OD9, 29.5nnaU in CH2C12 (IOn XI added 

drcqrtsc and the temperature kept for 2 h. At room t.enperatum the ma&ton n~xtM m&ken wUh a 

uturrbd ml&on of liClD4 UT water (12Onl) and ra(ted up fallnmuq procedure A. 5.)79 (BOt) calourlas 

cr*alla of pun 150. - 

Procedure C: 1~lnnethylailyDpyrrola (1.599, 10n Sol) AE umd irrbad of pyrmle follorinq procedure A: 

colourlse cry&& (1.009, 44%) coM&q of B (WOZ) and 16r (70%). 

(lH-Pyrml-2-rl)Cetr~ydr~~~D perchlorate (15b). 

Pmcedum A: Ylth tetrahy dmthxghene oulfouda (1.049, 1DmmoL) fallorinq pmcedure A for 150: coloutlsa, - 

hyqroecopu: cryrtalb (1.409, 56%) from acetone/ether trpninq brown exposed to lrpht and c-9 of 

l)b (85%) and & (15s). Rspsated recrystallization gi\rw pure l)o, rp. 7J°C. CgH12C104S (25Y.71, calr. 

C J7.87 H 4.77 N 5.52 S 12.64; found C J7.97 H 4.64 N 5.59 S 12.99. IR(KBr): )lDD. )020, 29JD. 1520, 1415. 

1205, 1070, 875, 755, 625cn-l. ‘H NMR(CD,ND2, D20): 10.49 (bs, NH), 7.54 (dd. 5-H). 7.00 W. >-HI, 6.48 

(dd. 4-H). J.50-4.20 (m. SCH2), 2.2G2.90 ( m, SC H2Ci2h ‘J l,‘f = J.9 Hz, ‘J 4,5 = 2.0 Hz, 4J , 5 = 1.5 Hz. 

I’C NMR(CD,ND2): 129.1 (C-5, d. ‘3 = 191 Hz), 124.5 (C-J, d, J = 177 Hz), 120.0 (CA. d. ‘3’~ 175 Hz), 

108.9 (C-2). 50.9 (SC H2), 29.8 (SCH2~H2), 

Pmcedurm 8: Ylth tetr~ydmtkophsne (2.919, ))a moL) f&ring proc&um 6 for ISa: calourlsas cryatalln - 

(5.249, 70%) of pure E. 

Procedure C: Y&h tetrahydmthiophene arlfoti (1.04~ 1Da l ol) falhhq procedure C for 150: caburbm - 
crydalla to&q, >JL: ccndding or m (70:) and j6& (xx). 

(lH-Pynx&2-yU4_oxa-Uunruum perchlorab (15~). 

Procedure A: Utih ttunrane tifoude (1.209, 10mmoU fallownq pmcedwe A for 150: calourlmm cry- - 

(1.209, 44%) from acetone/eLher co- of I)c (9)%) and 155 (7%). Repeated recrystallizetron @vea pure 

Isc, rp. lX3’C. CeH12C1N05S (269.7). talc. C 55.63 H 4.48 N 5.19 S 11.89; found C j5.W H 4.57 N 5.07 

S 12.07. IR(KBr): 3050, 2990, 2920, 1145, 1090, 975, 785, 6)). 625, 495~rn-~.~H NMR(CD NO , 2’ Cl<): 10.75 

(tz., NH), 7.42 (dd, 5-H), 7.21 (dd, 3-H). 6.52 (dd, 4-H), Y.5D-4.70 ((9, thioxma H); ‘3, 4 - 1.9 Hz, 

I 2.7 Hz, ‘J 

J4 5 

v= le4 Hz. 
“C NHR(CD,ND2): 150.1 (C-5. d, ‘3 z 191 Hz), 121.7 CC-;, d, ‘5 I 178 Hi), 

llj.2 (C-4, d. J = 177 Hz), 105.1 (C-21, 65.7 :DCH2), 42.5 (SCti2L 

Procedure B: Ulth ttirrm (3.449, ))rn mal) fallownq procedure B for 150: calourbe cry&alla (5.179, - 

65%) of pure 15~. - 

Procedure C: Uith Vuoxam tioxlde (1.599, 10m moU fall~rlnq procedure C for 151: colourlss cry- - 

(1.089, 40%) co-9 of 15~ (40%) and 16c (60%). - - 

(IH-Pyrral-2-ylki~phenylaulfonium pmhlnrate (15d). U&h my1 arLToride (2.029, 1Dm moU fallownq procedure - 

A for 15.3: calourlsr crydalla (X209, 97%) Croo aceta\Ltnls /f&her - cu36Wq of z (90%) and 16d (IOIL 

Repeated mc~rtlon plva pure 1M. mp. lB5’C. C 18H14ClN04S (351.81, talc. C 54.6) H 4.01 N 1.98 

S 9.11; found C 54.6) H 4.06 h 5.89 S 9.1). lR(KBrh )240, Jlw), )070, 1445,109O. 1005, 790, 750, 6J0, 

535cn-‘. ‘H NMR(CD,NO D 0): 

W, a-H)1 ‘J, 4 s 4.0 Hz, ‘;a25 

10.51 (tq NH), 7.76 (n, aronet. HI, 7.52 (dd, 5-H), 7.12 (dd, FH), 6.61 

-_ 2.9 Hz, ‘J, 5 - 1.6 Hz. ” C 

(phony1 Cl, iJi.5 (C-5), 124.0 (tc-)), llJ.8 (C-o\, 105.0 (C-2). 

NMR(CD,N02): 135.4, lj2.6, lJ1.1, 128.3 



Idok- and pynnkulfooium ylida 3269 

:1H-Pynx&2-y&ia&methYlphenylhumiuD peFdJoa4 (150). YJth dl+tniyl alJuoxi& u.‘Oq, lo= roll 

follownq proceduru A for m: colourlael cry&aue (Z.Sop, 66%) from meuunol/ewr c- of l)s (95%) 

and 16e (5Z).Aegsated reay&.aUuatron gwm pus 1Se, l P. 154’C. C18Hl,,ClN04 (‘79.91, c&. C 56.92 - 

H 4.78 N ‘.69 S 8.44; fornd C 56.70 H 4.78 N ‘.59 S 8.48. lR(KBrk ,190, ‘O’O, 2910, 1585, 1474 1085, 

805. 775, 620, XOcm-‘. ‘H NMR(C0,N02, 020): IO.,7 ba, NH). 7.59 (m, amret. H), 7.49 (dd, ‘+H), 7.05 

(dd, ‘-HI. 6.58 (dd, 4-H). 2.49 (8, CH,); ‘J, 4 - 4.0 Hz, ‘J4 5 = 2.7 Hz, 4J, 5 z 1.5 Hz. “C NMR(C0,N02): 

147.‘, 1”.2. 110.9, 125.0 (tolyl Cl, 1’1.1 k-S,, 12Y.4 CC-‘,: 11’.6 (CA), 10’6.0 (C-21, 21.6 (CH,). 

2~O~mathylaulfomobyrmlrde UBa). A aspennon of 15s (2.289, lo= l d it3 c H2c12 (100~1) m stu~ed for - 
12 h r,th K2C0, UOq) at roan temperature. Aner filtration tJm solvent L r8moved in vacua and the cenauun9 

aohd nc~ed from 1 HF/dhert strongly hyqmaxpx, colourkml clylkua tumIng pink erpmed to au 

and l@t, .p. 62’C uit.” 61d2’C). C6H9NS (127.2). talc. C 56.65 H 7.1’ N 11.01 S 25.21; found C 56.66 

H 7.1’ N 10.41 S 25.20. MS(70 eU): I/C = 127 k&.5%, My, 68 (100%). IR(KBr): X110, 29’0, 1415, 1’60, 

1205, 1025, 995. 745, 7’5, 475cr -l. ‘H NHR(COCl,h 7.41 (dd, 5-H). 6.77 (ddd, ‘-HI, 6.‘0 (dd, 4-H), 2.9’ 

; ‘J , 4 = ‘.I Hz. ‘J4 5 = 1.5 Hz, 4J, 5 = 1.2 Hz. “C NRR(COCl,b 1’8.4 (C-5, d, ‘J = 177 Hz), 

116.1 (C-‘, d, ‘3 : 170 HI), 109.&C+ d, ‘3 = lH6 Hz). 106.4 (C-2). ‘1.4 S(CH ) 
c ‘21. 

2~Tet.rahydroth1opk~uobyrr&de (l&j. Ylth 15b (2.549, 101~ mol) follo=mq the procedure for 18a: wrongly - - 

hyqnxcoprc. colcwrlsas cry&alla, l p. 99’C. CeHll MS (15’.2), c&z. C 62.70 H 7.24 N 9.14 S 20.921 found 

C 62.64 H 7.” Y 8.96 S 2O.99. W5(70 eVh m/e - 15’ (100X, M*). IR(K8r): ‘070, 299O, 29’0, 14’5, 1’50, 

1205, 1020, 885. 7’O, 515cm -l. ‘H NMR (COCl,): 7.10 (dd, 5-H). 6.80 (dd, >H), 6.‘1 (dd, 4-H). ‘.4&‘.70 

(m, SCH2), 2.Ob2.80 (0, SCH2Ct12,; ‘3’4 = ‘.’ Hz, ‘J4 5 - 1.4 Hx, ‘J 

1’8.7 (C-5. d. ‘3 = 177 Hz), 117.2 (C-‘. b, ‘3 : 169 Hz);lO9.8 (C-4, d, 

(SCH2)’ 28.1 (SCH2~H2). 

2<4-Ore-thunio)pyrroUe (18~:. Yith 15~ (2.709, 1Om l olI follorlnq the procedure for 180: cololplem cry- - 

stall13 from methanc& l p. 175oC. CeHll 

- 

YOS (169.2). talc. C 56.77 H 6.55 h 8.28 S 18.95; found C 56.66 

H 6.52 h 8.15 S 18.52. MU70 eV): m/e = 169 (100%). IR(YBrh ,070, 2970, 2850. 1455, 1’50, 1275, 1100, 

905. 755, o95ca-I. l 

‘J 

H NHR(COC1,): 7.‘4 &I, 5-H), 6.79 (dd, ‘-HI. 6.28 (dd, 4-H). 2.‘W.50 (., throxene HI; 

+,, = ‘.4 Hz, ‘J4,5 = 1.5 Hz, ‘J, 5 - 1.’ Hz. “C NHR(COC1,): 1’8.9 (C-5, d, ‘3 = 178 Hz:, 117.8 CC-‘, 

d, 3 I 170 Hz:. 110.4 (CA, d, ‘3 =‘167 Hz), 105.9 (C-2). 64.8 (OCH2), 01.6 (SCH2). 

2-Bti4-•ethybheoylbulfonu pyrmlide (E). Ytih l)e (MOq, 10 n sol! fallnrq the procedure for 18s: - 

colourluae cryetda from THF/petml ether , l p. 184OC. C 18H17NS (279.4:. talc. C 77.x) H 6.1’ N 5.01 

S 11.48; fwnd C 77.M H 6.11 N 4.74 S 11.59. MS(70 cv): n/e = 279 (ll\, M*), 1% (lUl%). IR(KBr): YOQO, 

2900, 1485. 1)05, 1010, 815. 805, 7’5, 525, 5OOcm-‘. ‘H NMR(C0,N02k 7.W7.76 (III. ammat. HI, 7.25 

:dd, 5-H), 6.88 k&l, ‘-HI, 6.21 :dd, 4-H), 2.40 b, CM,); ‘J, = ‘.4 HI, ‘54 = 1.4 4 5 Hx, 4J, z 5 1.2 Hz. 

“C NHR(COC1,): 1’4.6. 125.0, 124.‘. 124.0 kolyl C), I”.‘5 (C-5, d, ‘3 I i78 Hr), 116.0 k-‘, 4. ‘3 = 

170 Hz), 108.8 (CA, d, ‘3 = 167 Hz), 105.0 (C-21, ‘5.9 (CH,). 

:$_Acetyl-lH-Pyrrol-~y~=~hy~f~= parchlorate (200). lo a eturud eolutun - of t-acetyl pyrmle (190: 

0.279, YOm mal) and timethyl dioxide (2.Y89, ‘On l ol) u1 dry C H2C12 (12Omll tnfluoronethaWo 

ar+dnde (TF NSA) (8.469. U)m mall UI CH2C12 (Mnl.l - added dmpmlm during 15 mln at -1O’C. At mom 

temperature the reacti suture ia r&ken l ith a wtumkd mhkum of LiC104 UI mater (1201~11) and 

the oqueoua layer m extracted , bmee with nltromethan (20~1). After dryq the conblned organic lnysrr 

with CeC l2 &ethyl eVvr tl) added up to e begrnvng ckwdnxn. The crystalls eeparaknq VI an UXI beth 

are ftiered off and recryddlued fmm methanol mith charcoalz colourleaa c~&aUa (6.509. 8Ot) condsting 

of 200 (85%) and 210 (15%). Repeated recryetalluakon from l ethnol leads to pure 3 np. 2O4’C (dec.). - - 

C8H12ClN05S (269.7). talc. C ‘5.6’ H 4.48 Y 5.19 S 11.89: found C ‘5.56 H 4.52 N 5.1’S 11.73. IR(KBr): 

‘290. ‘0’0, 29’0, 1670, 1025, 1’80, 1179, 1085, 6’O, 615c.-‘. ’ 

(dd, 2-H), 7.62 (dd, 4-H;, 1.27 (s, SCH,), 2.49 (a, CH,); ‘J, 2 - 

H NMA(C0,N02h 10.72 (be, NH), 7.84 

‘.4 Hz, 4J1 4 z 1.9 Hz, 4J 

“C NMR(C0,N02): 189.6 (C=O), 1,6., (C-51, 1’1.0 (C-2, d, ‘5 I 196 H&15.8 (C-3, d, 

105.9 (C-‘), ‘1.6 (SC H,), 25.9 :C H,). 



3270 K. HAETU N d. 

~5-~cetY~lwwml-~Yl~= Perchloreta oob). YW ta~ydmthropheoe adfouda - 
(6.YO9, Mm sol) followq the pracodum fa 20a: colouclem cw (8&q, 94%) cardlrn - q of ZCRl(971) - 

and 2 (YX). Rsproted recry&alluatron from methanol lea& to pue 28, l p. 252’C (dec.). ClOHl4ClNOSS 

(295.7). c&z. C 40.61 H 4.77 N 4.74 S lO.Wl fand C 40.56 H 4.70 N 4.67 S 10.99. IlI( YYlO. ,110, 

2960, 1655, 1425. lY75, 1165, 1085, 6YS. 6lOcn-1. ’ H NMR(CO,CN)r 10.79 (be, NH), 7.65 (dd, 2-M), 7.31 

(dd, &H), Y.YM.00 (m. SCH2), 2.4) (4 CHY). 2.20, 2.70 (n. SCM2CM2h ‘3, 2 = Y.Y Hz, 4Jl 4 = 1.9 Hz, 

4J 2 4 - 1.7 Hz. l’t NNR(CO,CN): 188.6 (C--O), lYS.7 (C-S), lY0.6 (C-21, li6.4 (Cal, 106.4’(C-Y), SO.6 

&M2), 29.6 (SCM2CH2). 26.1 (CM,). 

~YNeUloxyc~yUlHoyrrol-Fyl~~me~y~~~ perchl~~ata (2Oc) and J~mathoxycubonyl)lH-pyrml- - 

2-yl]direthy~onu~ pamhloratm (21~). Y&h methyl pyrml-2*arboxyl&n (Y.75~ Mm mall hlkhnq - 

the procedure for 200: colourh cry&a&~ (6.009, 70%) cammtinq of 2Oc 00%) MC! 2lc (66%). A wrat.um - - - 

of the momem by ncry&allurt.un II not wccmfulL CgH12 ClN06S (285.7). talc. C YY.6) H 4.2Y N 4.90 

S 11.22; found C YY.64 H 4.12 N 4.78 S 11.17. IR(KBrh ,090. 2980, 17YO. 1710, lY85, lYl5, 1145, 1085, 765, 

62Scm-l. ‘H NHR(C0,N02, 
4 

020): &: 11.02 (be, NH), 7.81 (d, 2-H), 7.45 (13, 4-H). Y.91 (6, OCH,), Y.25 

[% gCH,)21; J2.4 = 1.8 HI; 21~: 10.9) (Lx+ NH), 7.17, 7.05 (d, Y-M, 4-H). Y.92 (e, OCH,), Y.Y8 [a, S(CH,12]: - 

‘J ) 4 = 4.2 Hz. . 

LU Methorycarbonyl)l H-pyrml-Fyll t.etrahydmUu&mnum perchloratn (2Od). Y&h methyl pynul-2-xrt3orylte - 

(Y.759, Mm noU and t&.rahydrothqhem a~Woxide 0.759, YOm mall follorlng tha procedum for 3: colourlam 

cydrlb (6.7%~. 72% commttnq of z 038%) and tld (12%). Repeated mcrytiation from methmol bada 

to pum 2od. .p. 22sOc. C10H14ClN06S (Yll.71, talc. C Y8.51 H 4.5) N 4.49 S 10.29; fowd C Ye.75 H 4.50 

N 4.41 S 10.29. lR(KBr)r Y240, Yl20, YOlO, 29Y0, 17Y0, 1450, 1400. 1085, 755, 62Ocm -l. ‘H NHR (COYN02): 

10.56 (be, NH), 7.74 (dd, 2-H). 7.25 (dd. 4-H), Y.4W.20 (n, SCH2). Y.89 (a, OCH,), 2.YG2.90 (n, SCH2CH2h 

‘J 1 2 I Y.5 Hz, 4Jl 4 = 2.5 Hz, 4J2 4 I 1.8 Hz. “C NMR(C0,N02): 161.2 (C=O), lY0.4 (C-2, d, ‘J = 195 Hz), 

128:l (C-S), 115.1 (;a, d, ‘J = lBl’Hz), 107.1 (C-Y), 51.0 (OCH,), 51.1 (SCH2), YO.1 (SCH2CH2). 
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