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Abstract. Electrophulic substitution of indale and pyrrale with sulfoxudes and acid

snhydndes lsads to the formstion of indole-3-eulfonium salts and pyrrale-2-eulforium

salts. These are deprotonated with potesmua cerbonste to give indole-3-eulforuum

ylides and pyrrole-2-eulfonium ylides. An $hdale-2-eulforuum ylide was obtained by

methylation end subsequent deprotonation of 2-{ methylthuolhndale.
Indole ylides are & relstively unknown class of compounds. The only representatives reported so far, some
3<{dmethylsulforuohndalides substituted and unsubstituted in the 2-pomtion, have been prepsred by Daves
123 e well e by Hocker et 1%, The 2-unsubstituted 3 methylsulforuohndolide (3a) wee
obtained by methylation of 3<{methylthuolindols with methyl 10dide and subssquent deprotonation with sodwm
hydride in ether. The intermediate aulforuum salt for the 3-(ch methylsulforo)-2-phenylindalide 18 accesmble
by condenaung 2-phenylindole with dimethylsuifoxide, a reaction of limiteo scope. In thus paper we report
therefore a straught forward approach to indole- and pyrrols-eulforuum ylhdes by electroprulic subetitution
of the heterocyclic rings with sulfoxades in the presence of ecid aMydridess.

end coworkers

Indole-3-eulfordum Y lides

The attack of electrophules 1n the 3-position of indale 8 well docunenud6. Tomita et ul.7 hgve shown recently
that sulfur electrophules, e.q. succarumido-sulforuum salts, also form eubetitution products at C-3. Even better
elactroptules are acyloxysulforuum salts, esmly obtained by mixung sulfoxudes and acid anhydrnides at lower
usnpentume. In our hande trifluoroacetic anhydride (TAA) or trifluoromethanesulforuc anhydnde (TF MSA)
have proven to be excellent actavatung sgents for the sulfoxide bond9.

By mmply starting equimolar amounts of indale (1), aulfoxude (2) and TAA 10 CHZCLz at -30°C, and adding
subsequently an squeous salution of lithium perchlorate, the cristalline 3-indalylsulforuum perchlorstes 3 ere
preciputated with diethyl ether from the organic phase. By this method aliphetic, srometic and cycloahiphatic
sulfoxides have been transformed into the correaponding sulfonium salts 3.
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Structure 3 is supported by elemental snalyais and spectroscopic data (see experimental part). As expec-
tsd for a substitution at C-3 of the indale ring, the hydrogen at C-2 1 ahufted to rether low fleld in 1y
NMR spectrs (6 : 7.95-8.29) and charactenized by a coupling of sbout 3.4 Hz to the NH group. In most
cases deprotonauion of } can be schusved converuently with potesmua carbonete in CH2C12 at room tempe-
rature. The indale-3-eulforuum ylhdes § are formed in nesrly quentitative yisld ss colourless crystalis. further
purification by recrystallizetion s generally sccompanied by hesvy loss of material

In the lH NMR apectre of the yhdee 4 the hydrogen at C-2 is recorded as s singlet snd a signal for NH

3 musmng. In general all pesks are shufted to hugher fisld compared with the carresponding sulfonium salt 3.
This is especially true for the ylide carbon C-3 in the ”C NMR apectra, showing a shift difference between
11 and 18 ppm: .. & = 93.5ppm (3a) and 6 = 76.Tppm (g_g)m.
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Attempts to deprotonats the (>-indolylitetrshydrothiophenium perchlorste (3c) with KZC 0) n C HZCI2
always lssd to an ml of hugh viscomty, whach could not be crystallized or purifisd further. We suppose thet
the ylide formed in the first step 1 unstable end that s subsequent inter moleculsr trsnealkylstion betmeen
the sulfonium group and the indale nitrogen lesds to s palymeric matsnal Thas interpretation as supported
by the behaviour of the 3{4-oxe-thisnium hindalide (4b). When &b 18 heated for sbout 15 mimstes to 150-170°C,
it melts and resclidifise to a crystalline compound, which s not the expected indalophsne 6, but a palymer
with the repesting unut 7, according to malecular weight deter minstion by a cryoscopic method snd by
mase spectroscopy. The well resaolved 1" and l)C NMR deta of 7 cleerly incicate the migrstion of e carbon
stom from sulfir to rutrogen (see experimental part). Thus the tmo l"'C peaks for the oxs-thisrmum ring
in 3d are transformed into four signals in the product 7 corresponding to $-C Nz, N-CH, and two 0-C Hz
carbon etoms.
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Lesving (3-dimethylsulfoniclindolide (4s) in salution ssveral days st room tempersturs or hesting it shortly,
transalkylation lasde the formation of l-methyl-3-{methylthuohndale (53) . By hesting charyl indale ylides
only decompoaition is obeerved. One of the decompomtion products of 4c was identified es di-p-talyl sulfide.
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indole-2-eulforiue ¥ hdes

There sre no methods svailable for s requepecific elsctrophulic substitution st the 2-poaition of indale.
Therefore indole-2-sulforuum ylides cen only be obtained by s more clssmical spproach. By trestmert of

the 2-indalinone (8) with Lswesson resgent (L R) the 2-indolinthione 9 was cbtaned and directly sethylatad
with cimethy]l sulfste to form the 2-{methyithiohndole Q_l_)n. Strong alkylating agents such ss sethyl fluoro-
sulfonate convert 1] into the sulfonium salt 12, whach cen be deprotonsted in the usual way by KZC 0}

to give the 2<{ch methylauiforuum lindolide (1) as whute neediss. 13 hes only & limited stebibity. Rearrsngement
to the 1-methyl-2-{methyithuclindale (13) 18 complete withun a fow deys st room tempersturs, sven in the
sclid state.
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Pyrrale-2-aulfondus Ylides

Electrophulic substitution of pyrrale (14) with suifoxades 2 and TAA lssds to s mixture of the 2- and J-eulfo-
raum salts 15 and 16, even st -637C. The 2-isomer prevails end may be obtained in pure forms by recrystal-
lization. With a less reactive electrophile, such as the azasulfonium aalt 17, the 2-isomer 15 18 the only
resction product. Thas has alreedy been shown by Muchowsld et tl.lz. who prepared the chionde of 15a

by thus route. In the same way 155 and 15¢ are also accessible, but the resction fails for the synthesais

of diarylsulforuum salts such as 15d snd ]5e.

R!
| e
R 2000 N
i/ \} N L0, 1 R?
N T RS0 TeT QS/R co® ¢ | &Y ci0®
H H SR H
14 2
18 16
1 2 L]
15 R R wp[TC] yield %] retio 15:16
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The formstion of pyrrole-J-sulfordium salts 16 is favoured by substituents et the nitrogen stom. Startung
with N-{tnsethylailyllpyrrole, dialkyl or cycloalkyl suifoxades snd TA A, the trimethylmlyl group 1 split
off durang the reaction and s nearly 1:1 ratio of the sulfordum salts 15 snd 16 was isolsted. With wilyl groups
sven more bulky, e.g. (awethyl-tert.butylalyl, the 3-msomer prevails; the yislds, however, drop drastically.

The structural asmignment of 15 and 16 is supported by elemental analysis and spectroscopic dste. Thus
in the 1l~l NMR spectra the 2-momers 15 show & couphng constants of abowt & Hz, charactenstuc for 3-H and
ot (e.g. 15a: ’JM : 3.9 Hz, 0J 345 = 28 Mz and ’J” 1.5 Hz). The 2C NMR spectrs allow 8 f-
ferentiation bet-oer; 15 and 16 based on the C-H couplhing constants; the carbon etoms a to rutrogen generally
show ! Jcoupling conetants about 10 Hz bugger than those of the B-carbons'® (e.g. 15: Begu = 178 Wz,
N am =116 M2 3o 2189 K A 20 Tu/PC correlation indicates that the hydrogen atos at
lowest fiald (5-H) 18 attacked to the carbon st lowest fleld (C-5); the same 18 true for the carbon and hydro-
gen peaks at highest fleld (4-H and C-4). The pyrrale-2-eulforuum salis 15 can be deprotonated moet con-
verusntly by starring with KZC 05 n CM2C12. The yhdes obtained sre in genersl colourless, crystalline and
hygroscopic salida, stable at room tempersture.The preparation of analytically pure samples by recrystallization
or reprecipitation 18 accomparued by heavy loss of matenal In most cases, however, further punficetion
B8 unnecessary. The pytrole-2-eulforaum ylides 18 form a new class of sulfur ylides. Only the most mmple
repressntative, the 2-{(chmethylsulforuolpyrralide (18a), hes been descnibed independently in 8 dissertation
by Hanke, that has come to our sttention aftsr complation of trus corkls.

The deprotonation of the sulforuums salts 15 s sccompanied by & hugh fisld shuft of the 3-H end 4-H
signals in the 1M NMR spectrum; in 18d thus effect is also observed for S-H. The ylides 18 sre further
charscterized by a general decreasse in tha coupling conetants for the pyrrole protorw, especially for J 4,5
(e.g. 18a: } 3“ = 3.4 Hz, )JG,S = 1.5 ﬂz, 3'5 s 1.2 Hz), !nthe C NMR spectra of 18 the mgnal for
C-2 m found between 105 and 109 ppm; s pomtion also obeerved for the correasponding salts 15. -5, however,
shows 8 strong downfield shuft of about 10 Hz and C-3 ee well as C-4 show ¢ moderste to strong upfield

shuft,
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Pyrvole-3-aulforiun Ylides

Pyrralss with sn electron withdrswing group in the 2-pomtion direct on inco s ming electrophils to the & or
s-pomtion'®. The &-position is favoured when the -M effect of the 2-eubstituent or the herdness of the
sttaciang elsctrophile w» mcm—ad”. {2-Acetylpyrrole snd aethyl pyrrale-2-carboxylate sre only subetitu-
ted by the most resctive sulfoxides such ss dimethyl sulfoxude and tetrshydrotiuophene sulfoxsde. Even in
these cases the yislds do not exceed 50% if tnfluoroscetic snhydride (TAA) j» used a8 sn activstor. With
tnfluorom ethenesulfonic anhydride (TF MSA), however, snd temperstures sbout -10%C the reaction proceeds
well giving 8 mixture of the pyrrale-3-euifonium perchiorate 20 end the pyrrale-2-eulfonuum perchiorste 21.
Mith the exception of 20c the predominating somer 20 could be wolsted by fractionsl recrystalhzetion. The
substatution pattem s clesrly indiceted by the coupling constanta. “Jl’A sboat 4.2 Hz for the 3-somer 20

and }J}a sbout 1.8 Mz for 2-momer 2],
*
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e CH, CH, CH, 208 (dec.) 80 $.7:1
b [CHZ]. CHy 205 (dec.) 94 33:1
¢ CH, CH, OCH, - 70 0.5:1
d (cH,], ocH, 225 72 7.3:1

Oeprotonation of 20 cen be schisved sgaun with K2C 03/C HZ“Z' Nevertheless the expected pyrrole-J3-sul-
foruum yhdes poseesming an electron-withdrawiyg group i the pyrrale ring are less stebls than the uneub-
stituted pyrrale-2-sulforuum ylhides 18 and could not be sclated in pure form. 20a gave 8 mixture of decompo-
sition products whereas 20b and 20d lead to 8 poly meric material, probebly similar 1n structure to 7.

Meanwhile we have succeeded in prepanng pyrrole-J-sulforuue salts unsubetituted in the 5-membered ring
by an acid cstalysed resrrangement of the pyrrole-2-sulforuum salts _2‘8. Their synthesus end deprotonation
will be dicussed 10 a following paper.

Acinowladge ments - We would hike to thank the Deutasche forschungsge mewachaft and the Fonde der Che-
miachen Induetnie for financisl support.

EXPERIMENTAL

Melting pounts were determined with ¢ Lewtz-Hewztaschmikroskop HM-Lux and ere uncorrectad. IR spectra
were recorded with @ Perkun-Elmer 257 or 298 spectrophotometer, mase spectrs with the Vacuum Generstors
70-70 instrument. lﬂ NMR apectrs were obtamned ona T 60 (60 MHz) or a XL 100 (100 MHz ) of Varian
Associstes a8 well as on & G X 400 {400 MHz) of Jeal.ut NMR spectrs were recorded with a Vanan XL
100 or @ Jeol F X 100 spectrometer. Multiphicities are wncicated as s (mnglet), bs {(broad mnglet), d {doudlet),
dd (double doublst), t (trplet), bt (brosd triplet), q (quartet) snd m (multiplet).

{1H-Indol-3-yL)i methylsulforuum perchlorste {3a). To s starred salution of indole (1) (0.59g, Sm mol) and dimethyl
sulfoxide (2s) (0.39g, Smmal) in dry CH,CL, (20m1) tnfluoroscetic anhydrice (TAA) (1.05g, 5a mol) 1n CH,CL,
(5ml) 18 sdded dropwise during 15 min. After warsing up to room tempersture the resction mixture is shaken
with a sstureted salution of htraum perchlorste 1n water (20nD) snd the aqueous phase extracted 3 timee

with ritromethane (10ml). The combined orgsnic layers are dried over CaClz and disthyl ether 18 adoed up

to 8 beginning cloudiress. The crystalis separsting 1 an ice bath sre filtered off snd recrystallized from

methenal with addition of chercosl: 0.80g (58%) colourises crystalls, mp. 181°cC. CmHnClNOQS (277.7), calc.
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C 43.25 H 4.36 N 5.06 S 11.55; found C 43.16 H 4.27 N 4.85 S 11.59. IR(KBr): 3160, 3090, 2970, 1415, 1250,

1090, 1025, 755, 635, 635(?0-} lI'C NHMR{(CD NOZ 400 MHz): 10.34 (bs, NH), 8.18 (d, 2-H, l = 3.4 H2),

7.95 (d, 4-M, )-79“!)774(6 7-H, J = 1.9 Hz), 7.45 (¢, 6-M, J = 7.2 Hz), 7.40 (t, SH, J = 7.2 Hz), 3.40

[.,smv |- > NMR(CO ND 2% 138.4, 125.0 (C-3a, -7a), 134.8 (C-2), 125.6, 123.8, 119.2, 115.2 (C4, -5,
%6, -1, 935(c 3, 29.9 [su:a )z]

(1H-Indal-3-yltus(phenylmethyDeulforuum perchlorate (3b). Indole (1) (0.5, Smmal), bis(phenylmethyleulf-
oxde (1.15g, Smmol) end TAA (1.05g, Smmol) gave after recrystallization from ethsnal calourlees crystalls
(1.149, 53%), mp. 166° ¢ (dec.). C22 20C1N0 S (429.9), calc, € 61.46 H 4.69 N 3.26 S 7.46; found C 61.39
H 4.61 N 3,164 S 7.17, IR(KBr): 3300, 3120, 2910, 1500, 1425, 1250, 1090, 1020, 770, 715, 635cm l.

Ly nuR( oélace:on): 11.65 (be, NH), 7.05-8.05 (m, sromat. H, 2-H), 5.40 (s, CH ). 1>C NNR(CD NO,):
138.5, 126.2 (C-Ja, -78), 137.6 (C-2), 131.8, 131.1, 130.5, 129.5 (Benzyl), 125.9, 124.3, 119.5, 115.3 (C -4,
-5, -6, -7), 87.7 {(C-3), 49.6 (C HZ)'

{1H-Indol-3-yltetrahydrothuopheruum perchiorate (3¢). Indole (1) (0.59g, Sm mal), tetrshydrotiusphene sulfoxide
(2¢) (0.52g, Smmol) snd TAR (1.05g, 5m mol) gsve after recrystallization from sthanal colourless, hygroscopic
crystalls (1.30qg, 86%), mp. 106°cC. ch"lQCINOOS (303.8), cale. C 47.45, H 4.65 N 4,61 S 10.%6; To;md

€ 47.25 M 4.5 N 4.39 S 10.61. IR(K8r): 3100, 2980, 2910, 1420, 1245, 1090, 770, 755, 645, 635cm™

lH NMR(CD CN)' 10.70 (bs, NH), 7.95 (d, 2-H), 7.05-7.85 (m, aromet.H), 3.25-4.15 (m, SCH ) 2.10-2.90

(m, SCH CH ) C NHR(CO NO ): 138.2, 125.6 (C-38, -7a), 134.3 (C-2), 125.7, 123.9, 1189 115.0

{C-4, -5, -6. -?}, 95.0 (C-3), QBS(SCN 24 30.2 (SCH EH )

{1H-Indol-}-yJ4-oxe-thisruum perchiorste (3d). Indale (1) (0.59g, Sm mal), thuoxane sulfoxide (2d) (0.60q,
Smmol) and TAA (1.059, Smmol) gave after recrystallization from methancl with charcoal colourless
crystalls (1.60g, 100%) that tumn yellow exposed to Light, mp. 180°¢. ch laClNU S (319.8), calc. C 45.07

H 4,41 N 4,38 S 10.03; found C 44.92 H 4.45 N 4.29 S 9.95. IR(KBr): 3360, 3130, 2950, 1475, 1420, 1290.
1090, 755, 630, usc-‘l. ' NMR(CD,NO,): 10.30 (ba, NH), 8.20 (0, 2-H), 7.20-8.00 (m, sromat.H), 3.60-4.70
(m, thuoxane H). C NMR(CD NO ) 138 }. 125.5 (C-3a, ~78), 135.7 (C-2), 125.9, 124.1, 119.2, 115.3 (C~4,
-5, -6, -7}, 91.2 (C-3), 66.1 (OCH ), 40.6 {(SCH )

(1 H-Indal-3-yDdiphenylaulforuum perchlorate (3e). Indale (1) (0.59g, 5w mol), diphenyl sulfoxude (2e) {1.0lg,
Smmol) and TAA {1.05g, Smmol) gave sfter recrystallizetion from methsnal with charcoal calouriess crystalis
(1.00g, 50%), mp. 136°C. CZO 16CIMO S (401.9), calc. € 59.78 H 4.01 N 3.49 S 7.98; founti C 59.63

H 6.00 N 3385 7.92, IR{(KBr): 3300, 3050, 2970, 1420, 1150, 1120, 1095, 755, 635, 505cm . 101 NMR(CD Nﬂ ):
10.80 (bs, NH), 8.25 (d, 2-H), 7.15-8.00 (m, sromat. K). 7C NMR(CONO,): 139.0, 125.6 (C-3s, -Ta), 137. H
(C-2), 135.1, 132.4, 130.9, 127.6 (phenyl), 126.2, 124.5, 119.5, 115.5 (C-O. -S -6, -7}, 91.8 (C-3).

{1 H-Indol- 3-y1)us(4- methylphenyleulforuum perchlorate (3f) Indale (1) (0.59g, 5m mal), di-p-tolyl sulfoxude
(1.15g, Smmol) and TAA (1.05g, Sm mol) gave after recrystallization from methanal with charcoal colourless
crystalls (1.50g, 71%) that tum yellow exposed to light, mp. 215°C. €22H2oCIND,S (429.9), calc. € 61.46
H 4,69 N 3.26 S 2.46; found € 61.67 H 4.66 N 3.31 S 7.67. IR(KBr): 3290, 3090, 2990 1490, 1415, 1250,
1105, 810, 765, 630, SZOCII-x lH NMR(CD NO )' 10,55 (ba, NH), 8.19 {d, 2-H), 7.15-7.81 (m, sromat.

H), 2.48 (8, CHy). 12 NMRICO,NO,): 1469 135, 0, 130.8, 126.2 {tolyl), 139.0, 125.6 (C-3a, -7a), 137.3
(€-2), 126.1, 124.3, 119.9, 115.4 (C-4, -5, -6, -7), 92.9 (C-3), 2).6 (C HS)'

3-{Dimethylsulfoniohndolide {(48). A suspenmon of 3a (1.39g, Smmol) 1n CHZCLZ {(50m}) 18 sturred for 12 h

with X C 0 (10g) at room temperature. After filtration the salvent 18 removed 'm vacuo and the remarung
salid recryttamzed from THF/dethy) ether: colouriess crystalls, mp. 121%¢ (ht mnp, 125°C). CIZHI)NDS
(219.3), cale. € 67.76 H 6.2% N 7.90 S 18.09; found C 67.52 H 6.13 N 7.59 S 18.03, MS{70 eV): m/e = 177
(64.5%, M%), 162 (100%). IR(KBr): 3040, 2920, 1600, 1415, 1255, 1220, 1170, 815, 745, s1ocm”l. 1u NMR
(CDC!,,&OO MHz): 7.90 (s, 2-H), 7.80 (g, &- H = 7.9 H2), 7.56 (d, 7-H, J = 7.6 Hz), 7.16 (t, 6-K, J = 7.5 H2),
7.09 {t, 5-H, J = 7.4 H2), 3.00 [s, S(CH )J 3¢ NMR (CDCL )‘ 151.0, 127.7 (C-3s, -78), 146.1 (C-2), 120.2,
120.0, 119.4, 115.7 (C4, -5, -6, -7}, 76.7 (C-3), 31.0 [su:u )z]
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3-{4- 0 xe-thisruu s Indolide (4d). 3d (1.60g, Smmal) and KZCO} gave sfter recrystallizstion from acetone/disthyl
ether calourioss crystalls, mp. 191°C. €,,H| (NOS (219.3), cale. C 65.72 H 5.97 N 6.39 § 14.62; found C 65.7)
M 590 N 6.33 S 14.46. NS(70 eV): m/e = 219 (100%, M*). IR(KBr): 3050, 2910, 1590, 1415, 1375, 1250, 1095,
765, 755, agoca Ll 1y una((o JOMSOX 7.95 (8, 2-H), 7.43-7.62 (=, aromat. H), 6.88-6,97 (m, sromst. H),
3.20-4.32 (m, thuoxene H). ¢ NnR(CO 500): 150.5, 129.2 (C-3a, -7a), 146.5 (C-2), 121.5, 120.9, 119.7, 117.4
(C4, -5, -6, -7), 80.0 (C-3), 66.7 (ocnz), 817 (SCH,).
3-B:8{4- m ethyloheny Dsulforuo wndalide (4c). 3f (2.15g, Smmal) end cho) gave sfter recrystallizetion from
THF /petrolether calourless crystalls, mp. 162°¢C. c22“19NS (329.5), calc. C 80.20 H 58] N 4.25S 9.7%;
found C 80.00 H 5.80 N 4.04 § 9.82. MS(70 eV): m/e = 329 (4.0%, M), 214 (100%). IR(XBr) 3040, 2920, 1595,
1415, 1255, 1220, 1160, 825, 750, 505cm ™', 'H NMR(CDCL,): 8.00 (8, 2-H), 6.70-7.85 (m, aromst. H), 2.35

(8 CHy. 120 NMR(CDCL): 1517, 128.2 (C-3a, -7a), 148.8 (C-2), 142.4,130.5, 128.3, 127.5 (talyl), 119.8,
119.3, 116.0 (€, -5, 6, -7), 76.9 (C-3), 21.0 (CH ).

Poly[ 1 H-indal-1,3-chyl-3{1-this-8-oxs-1 6-hexanediyl) ] (7). 4b (1.10g, 5m mol) was heated to 156-170°C for
15 min. After cooling, the remaung oil crystallized by addition of disthyl ether: white-grey powder, mp.
113%c. ((I12 ”NOS) (219.3) - cale. C 6572 H 597 N 6.39 S 14.62; found C 65.14 H 5.89 N 6.21 S 14.40.
IR(K Br): 3040, 2910, 2850, 1095 1455, 1350, 11295, 1105, 1010, 71¢Sc-'1. Ty NHR(CDCI % 7.40-7. 70(n.
2-H), 6.70-7.10 (m, aromat. H), 3.70-4.00 (bt, NCNZ), 3.10-3.60 (m, OCH ). 2.40-.2.80 (bt, SCH ) C NHR
(CDCI)): 136.%, 130.1 (C-3a, -78), 138.1 (C-2), 122.1, 120.1, 119.3, 109.7 (C-& -5, =6, =7), 1030 {C-3), 70.0,
69.3 {OCHZ), 6.2 (NCH2), 35.7 {SC Hz)

24 Methylthiohndale{10). A suapenmon of 2-indalinone (8) (3.99g, 30m mal) and L sweseon resgent (6.07g, 30m mal)
1n toluene (15.0mD) is starred ot room tempersture for 48 h. The resction mixture i filtersd, the salvent
removed 1n vacuo, the remidue disscived in 5% aqueous NaOH (50m1) and treated dropwise with dimethyl sulfste
{4.16g, 33m mol) in meathanal {15ml). After 12 h ether 8 sdded, the organuc layer drsd over CaClz. the salvent
evaporated and the remavung oil distilled (Kugelrohr): 2.0g, 41%. Recrystallizetion from n-hexane gave colour-
less crystalls (mp. 51°C), see bt.}!,

(1H-Indol-2-yl)di m ethyleulfonium fluorosulfonate (11). To 8 salution of 10 (1.63g, 10mmal) sn dry CH,CL, (6m]
18 added dropwise with sturting methyl fluorosulfonsts (1.20qg, 10.5amol) 1n (INZCI.Z (4ml). After 12 h the
whute precipitate {(2.35g, 85%) s filtered off and weshed with sther, mp, 122%¢. Clo”iZNo S.F {277.3), calc.
C 43.31 H 4.36 N 5.055 23.12; found C 43.14 H 4.29 N 4.91 S 23.40. IR(KBr): 3820, 1305, 1285 1080, 1005,
755, 590, 580cm L. 1n NMR([D,JOMSO0): 12.6 (be, NH), 7.73 (d, 7-H, J = B.1 o rel (0, 4-H, J = B.6 H2),
7.45 {d, 3~H, J = 1.9 Hz), 7.38, 7 19 {t, &4-, 5-H, 3 = .7 H2), 3. 39[S(CH ) ]. NHR([O jomso): 138.8,
126.1 (C-7a, -38), 116.9 (C-2), 125.4, 121.7, 121.1, 112.6 (C~4, -5, -6, -7). 1119 (C-3), 29.2 (c H}).

2-{Dimethylmuifoniohndaolide (12). With 11 (1.48g, Smmol) fallowing the procedure for 8a. Colourless neediss
(0.53q, 60%) from CHCI)/ethar, mp. 88-89° C. CmH“NS 0.% H 0 (186.3), cale. C 64.48 H 6.49 N 7.52;

found € 64.65 H 5.93 N 7.19. 1H NHR(CDCI,, 400 MHz): 7.67 (d J= 8.6 Hz) end 7.62{d, J = 8.0 Hz) [7-, &-H],
7.14 (¢, 3= 8.3 Hz) and 6.97 (t, J = 7.5 Wz} [>, 6-H], 7.00 (s, -H), 3.07 [s, kCH,), 1. e nmRecoCLy:
149.3, 129.4 (C-7s, -38), 119.0 (C-2), 122.0, 120.6, 118.4, 117.9 (C-4, -5, -6, -7), 1072.5 (C-3), 30.4 [ “))2]'

(1H-Pyrrol-2-ylidimethylsulforuus perchlorste (15s)

Procedure A: To a stirred salution of freshly distilled pyrrole (0.67g, (10m mol) and chmethyl eulfoxude
(0.78g, 1Gmmol) i dry CH,CL, (40m]1) TAA (2.10g, 1I0mmol) an dry CH,CL (10m1) 1 added dropwise duting
15 min st -65°C. After ware g up to room tempersture the resction mixture 18 shoken with s saturated
salution of LxClOQ in water {40ml) and the aqueous layer extracted 3 times with nitromethane. The combined
orgaruc layers are dried over C:Cl.z and chsthyl ether » added up to 8 begqinning cloudiness. The crystalls
separating 10 an ice bath ere filtered off and recrystallized from methsnal/ether with charcoal colourlses
crystalls (2.209, 94%) of 15a (sbout 90%) and 16e (about 10%). Pure 158 1s obtained by repeated recrystalli-
zation from methanol/ether: mp. 129°C (dec.) mx.‘ »p. 128-129°C). € CING,S (277.7), calc. C 31.65

6"10
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H 483 N 6.15 S 14.08; found C 31.67, H 4.40 N 6.26 S 14.15. IR(KBr) 3010, 3040, 2950, 1440, 1150, 1085,
1025, 1005, 785, §35ca ). ' NMR(CO(NO,, D 0N 10.55 (ba, NH), 7.39 (6d, 5-H), 1.07 (4, 3-H) 6.43 (4,
a-H), 3.36 [a S(CHY 2 P54 = 39 Ha, ’J“ < 2.8 1z, “3; = 15 M e NmR(co CN): 1289 (€3,

o 13 189 Ha), 120.2 (- 5,8 13 = 178 Ha), 112.2 (Cody &, 1) = 176 K2, 107.1 (C-2), 301 [sccry -
Procedure B: To a stirred solution of N-chlorosuccinimide (4.00g, J0mmal) in dry CH,CL, (300m1) under
8sn et moephere of nitrogen chamethyl sulfide (2.05g, 33mmol) in CN,‘,CI2 (10m1) » added alowly et -10°c.
After 1 h the resction mixture 18 coaled to —IAOOC. pyrrale (2.00q, 29.5m mal) in CNZCLZ (10ml) 1» added
dropwise end the temperature kept for 2 h, At room tempersture the reaction mixtute 8 sheken with a
ssturated salution of L1C10, an water (120m1) and worked up faliowing procedure A. 5.37g (80%) calourless

ctystalls of pure 15s.

Procedure C: 1-{Tnmethylailylpyrrale (1.39g, 10m mol) 18 used inetead of pyrrole following procedure A:
colourless crystalls (1.00g, 44%) congisting of 15@ (30%) and 16e (70%).

§1H-Pznn1-2-xlgetnh!dromw@omu- perchlorate (15b).

Procedure A: With tetrshydrothiophene sulfoxade (1.04g, 10m mol) fallowing procedure A for 15s: calourlees,
hygroecopic crystalls (1.40g, 56%) from ecetons/ether turning brown exposed to light end conmisting of

15b (85%) and 16b (15%). Repeated recrystallization gives pure 15a, mp. 73°C. CBHIZCIOQS (293.7), calc.

C 37.87 H 4.77 N 5,52 S 12.64; found C 37.97 H 4.64 N 5.59 S 12.99. IR(KBr): 3100, 3020, 2930, 1520, 1415,

1205, 1070, 875, 7595, 62$cn'l. 1y NMR(CD N0 , 0 0) 10.49 (be, NH), 7.34 (dd, 5-N), 7.00 (dd, 3-H), 6.48

(dd 4-H), 3.50-4.20 (m, SCN), 220—290(m SCH CN)' J(1-39"1.).]“5-28“2,0.)}5-lSMz.
L]

C NMR(CD NO ) 1291(C S, d, lJ = 191 H2), 1205 (C 3, d, 177 H2z), 1200 (C4, d, ") = 175 Hz),

2
108.9 (C-2), 50 9 (SC Hz). 29.8 (SC Hzgnz).
Procedure B: With tetrshydrotruophene (2.91g, 33m mol) following procedure B for 15s: calourless crystalls
(5.24q, 70%) of pure 15b.

Procedure C: With tetrshydrothiophene sulfoxide (1.04g, 10m mol) fallowing procedure C for 15a: calourises
crystalls (0.84g, 33% conaisting of 15b (70%) and 16b (30%).

(1H-Pyrral-2-yl)4~oxa-thusruum perchlorate (15c).

Procedurs A: With thioxene sulfoxude (1.20g, 10m mol) following procedure A for 15s: colouriees crystalls
(1.209, 44%) from acetone/ether conmstang of 15c (93%) and l4c (7%). Repeated recrystallizetion gives pure
15c, mp. 1)0 C. C8 12ClNOSS (269.7), calc. C 35.63 H 4.48 N 5.19 S ll.al9'lfound C 35.98 H 4.57 N 5.07
S 12.07. IR(KBr): 3050, 2990, 2920, 1145, 1090, 975, 785, 6395, 625, 495cm H NNR(CD NOZ, D,0): 10.73
(bs, NH), 7142 (dd, 5-H), 7.21 (od, 3-H), 6.52 (dd, &-H), 3.50-4.70 (m, thdoxane N), )h = 3.9 Hgz, JA,S
: 2.7 Hz, Y dyq 7 4 e Do NmRED,NO,) 130.0 (C-5, 6, 13 = 191 W), 1207 (653, 6, 13 = 178 W),
113.2 (C4, d, "J = 177 H2), 105.1 (C-2), 65.7 (OCNZ), 42,5 (SC Hz).

Procedure B: With thuoxene (3.44g, 33m mal) following procedure B for 15a: calourlees crystalls (5.17g,
65%) of pure 15c.

Procedure C: With thioxane sulfoxide (1.39g, 10m mol) fallowing procedure C for 15e: calourless crystalls
(1.08g, 40%) conaisting of 15c (40%) and 16c (60%).

(1H-Pyrral-2-yDdiphenylsulforium perchlorete (15d). With diphenyl sulfoxide (2.02g, 10m mol) fallowing procedure
A for 15s: colourless cryetalls (3.20g, 97%) from acetonitrile/ether conaisting of 15d (90%) and 16d (10%).
Repested recrystallizetion quves pure 15d, mp. 185°C. Cle lACIN() S (351.8), cale. C 54.63 K 4.01 N 3.98

S 9.11; found C 54.63 H 4.06 M 3.89 S 9.13. IR(KBr)x 3240, 3130, 3070, 1445,1090, 1005, 790, 7%0, 630,
s35cm”! 1»1 NMR(CONO,, D,0): 10.5) (58, NW), 7.76 (n, aromet. W), 7.52 (dd, 3-H), 7.12 (dd, 3-H), 6.61

(dd, A—N); :00 Nt. .)As 2.9 Hz, ')!S 1.6 Mz, UC NHR(CD NO) 135.4, 132.6, 131.1, 128.3

(phenyl C), 1)1 S (C-%), 128.0 (C-3), 113.8 (C-4), 105.0 (C-2).
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{1 H-Pyrral-2-yLtis(4- methylphenyllsulfonium perchlorets (15e). With di-p-talyl sulfoxide (2.30g, 10m mal)
following procedure A for 15e: colourises crystalls (2.50g, 66%) from methsnal/sther consisting of 15¢ (95%)
and 16e (5%).Repeated recrystalization Gives pure 15e, mp. 154°¢C. (?la le(Z).NO (379.9), calc. C 56.92

H 4.78 N 3.69 S B.44; found C 56.70 H 4.78 N 3.59 S B8.48. IR(K Br): 3190, 3030, 2910, 1585, 1470, 1085,

805, 775, 620, SZOC--I lH NMR(CD NO [} 0) 10.37 (bs, NH), 7.59 (m aromat. H), 7.49 (dd, M), 7.05
(39, 3-H), 6.58 (3d, 4-H), 2.49 (s, CH ). 5 %o M, 23, = 27 Mz, %0y o= 15w e nnricogno

).A 4 5 ° 3.5
147.3, 133.2, 130.9, 125.0 (talyl C), l)l.l (C-5), 123.4 (C-3), 113.6 (C-4), 106.0 (C-2), 21.6 (CN)).

2<(D1methylsulforuo)pyrralide (18a). A suspenson of 15a (2.28q, 10m mal) 1n CH2C12 (100m)) 18 starred for

12 h mith K2C 0) (20g) at room tempersture. After filtration the solvent is removed in vecuo and the remarung
salid recrystallized (ron IHF/et.herx strongly hygroecopic, colourlses crystalls turning pink exposed to air

and Lght, mp. 62°cC (m 61-62 C). C6 9NS (127.2), calc. C 56.65 H 7.13 N 11.01 S 25.2); found C 56.66

H 7.13 N 10.43 S 25.20. MS(70 eV): m/e = 127 (66.5%, H’) 68 (100%). IR(X8r): 3010, 2930, 1415, 1360,

1205, 1025, 995, 743, 735, 475cm™>. 1 NMR(CDCL h 7.8 (09, 5-H), 6.77 (g, 3-H), 6.30 (44, 4-H), 2.9)

8 S(CH3,] 3 205 2 34, )Ja's : 1.5 Mz, “J,S 1.2 wz. P NMR(COCL: 1380 (C-5, 0, 132 177 W,
116.) (C-3, d, l.] ; 170 H2), 109.8 (C4, d, lJ 166 H2), 106.4 (C-2), 31.4 [S(CN )]

2« Tetrahydrothuopheruo)lpyrrahide (18b). With 15b (2.54g, 10m mal) following the procedure for 18a: strongly
hygroscopac, colourisss crystalls, mp. 99°c. C8 llNS (153.2), calc. C 62.70 H 7.24 N 9.14 S 20.92; found
C 62.66 H 7.33 N 8.96 S 20.99. W70 aV): m/e = 153 (100%, M*). IR(KBr): 3070, 2990, 2930, 1435, 1350,
1205, 1020, 885, 730, $15cm~L. 1w nnn (COCly% 7.40 (dd, 5-H), 6.80 (od, 3-H), 6.31 (dd 4-H), 3.40-3.70
(m, SCH,), 2.00-2.80 (m, SCH, cn). -nm, 33 =14 Hz 43 1.2 Hz. cuna(cocx)

1 4,5 S
138.7 (C- S d,

J =177 W), 1172 (c 3, d, 132169 H2), 109.8 (C-4, 0, 73 = 167 H2), 108.9 (C-2), aao
(STH,), 28.1 (SCH,CH.).

2-4-Oxa-thusnio)pyrrolide (18c;. With 15c (2.70g, 10m mal) fallowing the procedure for 18s: colourlees cry-

stalls from methanal, mp. 175°C. CgH | NOS (169.2), calc. € 56.77 M 6.55 N 8.28'S 18.95; found C 56.66

H 6.52 N B.15 S 18.52. MS(70 eV): m/e = 169 (100%). IR(KBr): 3070, 2970, 2850, 1455, 1350, 1275, 1100,

9es 755, 495cm~. 1n NMR(COCIy): 7.38 (dd, 5-H), 6.79 (dd, 3-H), 6.28 (dd, 8-H), 2.30-4.50 (m, thuoxane H);
}“ : 3.4 Hz, 23, = 1.5 Ha, o iywe Ve NMR(CDCLy): 138.9 (C-5, d, 3 = 178 Wz}, 117.8 (C-3,

4,5 ).S
J =170 Hz3, 110.4 (C4, d, lJ = 167 Hz), 105.9 (C-2), 64.8 (OCHZ), 4l1.6 (SCNz).

2-Bis(4- m ethylphenyllsulforuo pyrrolide (18d). With 15e (3.80qg, 10m mal) fallowing the procedure for 18a:
calourless crystalls from THF/petrol ether , mp. 184°¢. C18 17NS (279.4;, calc. C 77.38 H 6.1) N 5.0l
S 11.48; found C 77.38 H 6.11 N 4.74 S 11.59. MS(70 eV): m/e = 279 (11%, M*), 156 (100%). IR(K Br): 3040,
2900, 1489, 13495, 1010, 819, 809, 735, 525, S(Dcn-l. 1N NMR(CONO )' 7.34-7.76 (m, uro-.t H), 7.25

3
(8d, 5-H), 6.88 (dd, 3-H), 6.21 (dd, 4-H), 2.40 (s, CH ). uu:.’J = 1.6 Hz, Y0, = 1.2 Ha.
13

BA 1 4,5~ 3,9 1
C NHR(CDCI) 134.6, 125.0, 124.3, 124.0 (talyl C). 133.5 (C-%, @, "J = 178 Hz), 116.0 (C-3, 0, "J =

170 H2), 108.8 (C-a, d, l.) = 167 Hz), 105.0 (C-2), 35.9 (CN)).

(S-Acetyl-1H-pyrral-3-ylUdimethylsulfonium perchiorate (20a). To @ sturred salution of 2-acetyl pyrrole (19a}
(3.27g, 30m mal) and chmethyl sulfoxide (2.34g, 30m mal) 1n Ory CHZCI2 (120m)) tnfluorom ethanesulfonic
anhydnde (TF MSA) (8.46g, 30m mal) 1n CH,CL, (30m1) w added dropwise during 15 min at -10°C. At room
temperature the resction mixture is shaken with s sstursted salution of LxClOA 1n water (120m]) and
the aqueous layer s extracted } tames with nitromethane (20m}). After drying the combined orgenic layers
with CaCLz duethyl ether 18 added up to e begunrung cloudiness. The crystalls sepsrating 1n an ice beth
sre filtered off and recrystallized from methanol with charcoal: colourless crystalls (6.50g, 80%) consisting
of 20a (85%) end 218 (15%). Repested recrystallization from methenal leads to pure 20s, mp. 204°C (dec.).
C8N12C1N0 S (269.7), calc. C 35.63 H 4.48 N 5.19 S 11.89; found C 35.96 H 4.52 N 5.13 S 11.73, IR(KBr):
3290, 3030, 2930, 1670, 1425, 1380, 1179, 1085, 630, 615(:--1. 1N NNR(CD’NOZ): 10.72 (be, NH), 7.84
(09, 2-H), 7.62 (00, 4-H3, 327 (5, STHy), 249 (8 CHy) 23 5 = 3 Mz, °Jm <19 M2, YY1 e

C NMR(CD NO ) 189.6 (C=0), 1)63 (C-9), l)lO(C 2,d, lJ = 196 Hz), 115.8 (C4, d, 3: 180 Hz),
105.9 (C-3), )l [ (SCN)) 25.9 (CH,).

)



3270 K. HARTXS 1 al.

{5-Acety}1H-pyrral-3-yltetrahydrothiophenium perchlorete (20b). With tetrshydrothuophene sulfoxide

(6.30g, 30m mal) following the procedure for 20s: calourlems crystalls (8.46g, 94%) conastung of 20b (97%)
ond 21b (3%). Repestsd recrystallizetion from methanal leade to pure 20b, mp. 252°C (dec.). CIOMMCINOSS
(295.7), calc. C 40.61 H 4.77 N 4.74 S 10.84; found C 40.56 H 4.70 N 4.67 S 10.99. IR(K8r): 3310, 3110,
2960, 1655, 1425, 1375, 1165, 1085, 635, 610cn'1. lN NHR(CD)C N} 10.79 (be, NH), 7.65 (dd, 2-H), 7.31
(dd, &-H), 3.30-4.00 (m, SC HZ)' 2.43 (s, CN’), 2.20, 2.70 (m, SC NZC Nz); )JL2 = 33 Mz, le.A = 1.9 Haz,
43,4 = 1.7 Hz. 10 NMR(CDCN): 188.6 (C=0), 135.7 (C-5), 130.6 (C-2), 116.4 (C-4), 106.8 (C-3), 50.6

(sC Nz), 29.6 (SCH CNZ), 26.1 (CH)).

2

[ 5« Methoxycarbonyl)) H-pyrral-3-yl ] dimethylsulforuum perchiorste (20c) end [ S methoxycarbonyl)l H-pyrral-
2-yl]dimethyleulfonium perchlorste (21c). Wth methyl pyrrol-2-carboxylate (3.75g, 30m mol) following

the procedure for 20e: calourless crystalls (6.00g, 70%) conmsting of 20c (34%) and 21c (66%). A separstion

of the womers by recrystalizetion was not successfull C8M12C1N 06S (285.7), calc. C 33.63 H 4.23 N 4.90

S 11.22; found C 33.68 H 4.12 N 4.78 S 11.17. IR(K Br) 3090, 2980, 1730, 1710, 1385, 1315, 1145, 1085, 765,
s25cm™.. 1H NMR(CO(NO,, D,0): 20c: 11.02 (be, NH), 7.81 (d, 2-K), 7.45 (6, =), 391 (& OCH,), 3.25

(s, S(cn,)zl; "Ju = 1.8 Hz; 21c: 10.93 (bs, NH), 7.17, 7.05 (d, 3-H, 4-H), 3.92 (s, OCHy,), 3.38 (s S(CH))Z]:

3
J)'a = 4.2 Hz.

[5{Methoxycarbonyl)l H-pyrrol-3-yl Jtetrahydrottuopheruum perchlorate (20d). With methyl pyrral-2-carboxylste
(3.7%5g, 30m mal) and tetrshydrothuophene sulfoxide (3.75g, 30m mal) following the procedure for 20a: calourless
cryetalis (6.75g, 72% conmsting of 20d (80%) and 21d (12%). Repeated recrystallization from methanol leads
to pure 20d, mp. 225°C. € 0M14CINDS (311.7), calc. € 38.53 M 4.53 N 4.49 S 10.29; found C 38.75 H 4.50
N 4.41 S 10.29. IR(KBr)k 3240, 3120, 3010, 2930, 1730, 1450, 1400, 1085, 755, 620cm™>. 'H NHR (C D5NO, )
10.56 (bs, NH), 7.74 (dd, 2-H), 7.25 (dd, 4-H), 3.40-4.20 (m, SCH,), 3.89 (s, OCH,), 2.30-2.90 (m, SCH,CH, %
33035 M2 80 =25 He, %0, = 1.8 M2 DT NMR(CD,ND, ) 161.2 (C20), 130.4 (C-2, d, 13 = 195 W),

1,2 1,6 2,8
128.1 (C-5), 115.1 (C—, o, 13 = 181 Hz), 107.1 (C-3), 53.0 (OCHy), 51.1 (SCH,), 30.1 (SCH,CH

3 LCH).
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