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Abstract: Bz-substlrured indole-3-acelic acld ethyl esters (14e-g) and heteroanalogues. i.e. 
tienopymles (14a, e) and selenolopymle (14d), were prepared stamng from h‘-BOC protected mode 
aryl amines. Allylaticm with ethyl 4.bromocro~onate, followed by palladium-caralysed rmg closure in a 
one pat reaction, yielded K-BOC prowted mdoles (Ue-g), thienopymoles (13a-c), and selenolopymole 
(13d). The BOC group was readdy removed thernmlly after adsorption on silica. Oxothienopyrroles 
(lla-c) were similarly prepared 

INTRODUCTlON 

Indole-3-acetic acid and derivatives thereof are of great biological and medicinal interest. Compounds of 
thts type have been shown to possess for example plant growth, antiinflammatory, analgesic, antipyretic, 
antn-heumatic, muscle relaxant, and serotonin-like activities. ’ General synthetic methods of substituted and 
modified indole-3-acetic acids are thcrcfore of importance. The Heck cyclisation* of N-ally] substituted o- 
halo anilines3, has previously been utilized for the synthcsls of mdole-3-acetic acid derivatives’ (eq. 1). 

Ac kC 

>;=I. Br 

In connectlon with our previous work5 on flndmg synthetic methods tobvard 3-substituted indoles and hetero 
condensed pyrroles we decided to investigate this pathway. The synthetic strategy was thus to introduce a 
suitably substituted ally1 or acryloyl group on the nitrogen atom of a ringsubstituted o-halo aniline or o-halo 
hetarylamine, and thereafter achieve palladium-catalysed ring closure to form the pyrrole moiety. 
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Other methods, concermng the syntheses of Bz-substttuted indole-3-acetic acid dertvatives have been 
developed in rcccnt years.~~8 The Heck cyclisatton approach has however not, until now, attracted any 
attention. Thts paper deals with improvement of this procedure towards synthesis of Bz-substituted indole-3- 
acetrc actd dertvattvcs, and is applted to the preparatton of isosteric heterocondensed pyrroles, by employment 
of N-BOC-o-iodo-arylamines as precursors. Existing procedures for construction of thienopyrroles usually 
seem quite ctrcumstantial.” ” 

RESULTS AND DISCUSSION 

N-MOC‘~o~ioilo~nrv/lrnirrrs. The o-halo-hctarylamlne precursor has to bear an electron-withdrawing 
substitucnt due to the instabrltty of electron rtch hctarylamincs”. The tert-butosycarbonyl (BOC) group was 
selected as N-protcctrve group In the starting hctarylamines, and as N-substituent in the anilines, for the 
followng reasons: (a) These compounds arc readily acccssiblc by the modtfrcd Curtius rearrangement”, 
startmg from the corrcspondtng carbo\ylrc LICIT. or directly from the anilincs by substrtution. (b) The 
NHBOC-substttucnt might serve as dtrectrng group, for Introduction of the u-iodine, via o-lithiation.” (c) 
Sclcct~vc removal 01 the BOC-group in the frnal product could bc achteved under mild thermolyttc 
condrtrons Is, thus ptv’rng access to scnsrti\,c clcctr-on rrch systems such as the thienopyrrole nucleus.’ 

NHBOC NHBOC NHBOC 

I 2 3 

NHBOC 

4 5 a: R=NO, 
b: R=Br - 
c: R=OMe 

Aminothrophcnes 1 and 2 v~crc prepared trcrm the corresponding carboxyltc acids by treatment with 
diphenylphosphoryl arrde rn rrr/-butanol. It1 The N-BOC protected 3-amtno-Ztodothiophcne 3 was prepared in 
71 % yrcld, In a fashion stmtlar to corresponding bromtnattonr’, by iodtnation of 3-(N-terf- 
butoxycarbonylamtno)thtophenc wtth N-iodosucctntmtde in carbon tetrachlortde. Ltthiatton of 3- 
rodoselenophene 6 wrth LDA rn dtcthyl ether, followed by quenching with carbon dioxide, gave 29 % yield of 
the carbosylic actd 7. Treatment of this wtth dtphenylphosphoryl azide and trtethyl amine (TEA) in tert- 
butanol at rctlu~ gav.c N-BOC protected 2-ammo-3-rodoselenophenc 4 in 42 % yield (eq. 2). 

I 1 
l.LDA 2.c‘Oq 

(39%) 
(PhO),PON, ) 4 

CO,H (42%ro) 
(2) 

6 I 
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The N-BOC substituted ambnes Sa-b WCK prepared by the mtroduction of two N-BOC substituents on the 
free anilmes 8a-b, with excess BOC-anhydride tn THF under 4-(N,N-dimethylamino)pyridine (DMAP) 
catalysts, followed by selcctr~e removal of one N-BOC group wtth trifluoro acetic acid (TFA) in methylene 
chloride’s, in 94 and 65 % yteld respechvcly (eq. 3). 

c\ccss (BOC)?O 
cat. DMAP 

TFA, CHICI, ) 5a b 
(65-9476) - (3) 

8 a: R=NO, 
b: R=Br - 

It was found that trcatmcnt 01 these anrlrncs vvrth cqurmolar quantrtres of BOC-anhydride in THF at room 
temperature, \\ rth or I\ rthout DMAP catalysis, resulted rn formation of both N-mono- and N,N-diBOC 
substttuted pn>ducts. Amllne SC was prepared by o-lithrntron i todinatron starting from N-BOC substituted 4- 
methoxy amlincx 

Allylrrliott irrrrl ilcr~lovl~t/iotr of !v-IIOC prolrc~rrtl trttiitro/kiophrtr~s 1 ittrd 3 (eq. 4). Imtial attempts to 
ally late N-BOC protected amrnothiophcnes I and 3, usmg excess ethyl 4-bromocrotonatc as allylatrng agent, 
under inllucncc of strong bases, such as sodrum hydrrdc or potassrum fert-butoxide, resulted in raptd 
decompositton of the ethyl 4-bromocrotonatc. Only trace amounts of. the desired N-allylated products 12a and 
12~ could be isolated [)I- dctcctcd. along \vrth most of the unmatted stamng material. 

Table 1. All~latron 01 S-BOC PI-otcctcd Amtnothtophcncs with Ethyl 4-Bromo-Crotonate Under Drffercnt 
Condrttons 
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When the relatively msensitive ally1 bromide was used under the same conditions, N-allylation proceeded 
rapidly and in quantitative yields, showmg that allylation with ethyl 4-bromocrotonate might be possible if 
proper conditions were chosen. In order to evaluate better methods, the two N-BOC protected 
aminothiophenes 1 and 3 were allylated with ethyl 4-bromocrotonate, using different bases in DMF or DME 
as solvent (Table 1). It was found that allylation could be achieved more effectively by use of weaker bases 
such as potassium or cesium carbonate. or tluoride, to give N-allylated products 12a and 12c in yields ranging 
from 37 to 91 %. Corresponding acryloylation with ethoxyfumaroyl chloride under different conditions were 
also investigated, and found to give the expected N-acryloylated products 9a and 9c in yields from 51 to 83 % 
(Table 2). The overall lower yield of 9c and 12~. compared to 9a and 12a respectively, indicates lower 
nucleophilicity of the mtrogen atom m the 3-, compared to Z-position of the thiophene ring. 

Table 2. Acryloylation of N-BOC Protected Aminothiophcnes with Ethovyfumaroyl chloride Under Different 
Conditions. 

Wl~Clll 

etboxyfumru~l 

chlonde(rqw )” 

I 1 9a ‘ll:A (S) ‘TIIF cat I)hUP d I.5 2 ’ r.1. 83C 

2 I. K;,(‘C 1 (S) m11: cat. I)hi.‘\I’ d 5‘ 5 ’ r.t. 6sb 

3 39c .I b.l (3 lI11, cat DhlAPd 1 ..%O.S+O 5 72 r.t. Sib 

1 ., I. . . 72 f SO “C ab. c 

Pal/n~irtrn~1~17r17/~srtl c,~‘li.scr/iorl (eq. 4). Cyclisation of the N-allylaminothiophene 12a m DMF as 
solvent, gave thienopyrrolc 13a in 85 ‘7( ymld M hen trcatcd with a mixture of sodium carbonate (3 equivl.), 
palladium acetate (0.05 cqm\..), and tnphcnylphosphine (0.1 cqmv) for 4 h at GO-65 “C. Longer reaction time 
vvas found necessary for complete i-eaction, and lower yield of thicnopyrrole was obtained when 
triphenylphosphmc wax omitted (47 h, 69 %). Incomplete reaction, and pronounced formation of by-products, 
resulted surprisingly 11 tctrabut~lammonlum chloride (I cquiv.) was present under otherwise similar 
conditions. This result is contmrv to the normally pcwt~\ c el~fects of this rcagcnt in Heck reactions.” The use 
of TEA as base, ~nslcaci of sodium carbonam, gave essentially the same yield and reaction lime. Cychsation of 
the N-acryloyl aminothiophencs 9a and 9c, in THF as solvent, gave the oxothienopyrroles 1Oa and 1Oc in 60 
and 18 % yield when treated w 1t11 TEA (IO cqmv.). palladium acetate (0.05 equiv.), and triphcnylphosphine 
(0.1 equiv) for 5 h at rctlux and 96 h at i-oom tcmpcraturc respectively. Attempted cyclisation of 9c in THF at 
rcflu\, DMF OI- McCN at room temperature, with or without added triphenylphosphine, resulted in all cases in 
rapid formation ot. a deep blue color. with only TV-xc amounts (TLC) of 9c and 10~ present in the reaction 
mixture. Cyclisation to the dcsi~xd condcnscd PSI-nilcs from pyridinesz3 15a-b, or N-acryloyl aminothiophene 
16, also failed. Only cornpIe\ mi\ttncs or uni-catted materials w’ere obtained. The presence ot 16 was found to 
inhibit the cycli\ation ot’ its N-BOC cubstitutcd analog Ya. Without any 16 present, 9a cyclised at room tem- 
perature lo g~\c 43 ‘2 y~cld ot. 10a afux 10 h. reaction. Lrndcr the same conditions (DMF, 3 cquiv. potassium 
carbonate, 0.05 cquiv,. palladium acetate, 0. I cqui\, rripheny Iphosphine) and reaction times, yields decreased 
to 14 and 0 % , In pi-esence of 15 and I00 mol’,Z of 16 respecti\,ely. 
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[Pd], THF 

1-4 
5a-c 

9a-c 10a-c: R=BOC 

lla-c: R=H 

SihC@ gCl 

1 tntnHg 
50°C 

(4) 

CO,Et CO,Et 

[Pd]~ DhlF 

BOC 

17a-g 

‘R 

Sillcil gel 

1mmHg 
_SO”C 

a: Z-N, 3-l thqhcnc !’ thieno[7,,3-b]p~rrc,le 
b: 3-N, 4-I thlophcnc i thIcno[3,4b]pqrrnlc 
c: 3-K, ?-I thlophcnc i thicno[3,7-blpgrrolc 
d: Z-N, 3-l sclcnophcnc i sclcnolo[?-,3-b]p!,rrcslc 
e: a-NO?, 2-I aniline 15NO, mdole 
f: 40Me, 2-l aniline I S-O& indolc 
g: l-Dr. 2-l anihne / 5-k indale 

15a: R=H 
b: R=BOC 

17a: R=H 
b: R=BOC 
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Since the same base and solbent could be used In both steps, cyclisatlon of N-ally1 and N-acryloyl 
arylamlnes (12a-g, 9a-b) could advantageously be achie\ ed directly without isolation. After having 
lntroduccd the ally1 or acryloyl umt, hetcrocondensed pyrroles and indoles were formed by addition of 
catalytic amounts of palladium acetate and trlphenylphosphinc (table 3). To our know,lcdge, this is a novel 
approach toward selenolo- and thlenopyrrolcs. Although the cyclisation step demanded longer reaction times 
in this “one pot procedure”, no slgnil.lcant dccrcasc in yxld was found, compared to the two step process with 
Isolation of mtcrmcdlate product. In one case onl> the two step process was found preferable. Thus 18 % yield 
of oxothicnopyrrolc IOc was obtained by cycIIsatlon of N-acryloyl amlnothiophene 9c, while the “one pot 
procedure”, starting 1‘1.om amlnothwphenc 3, cjnl> I-esultcd In tract amounts of the dcsn-ed product (table 3, 
entry 11). 

Table 3. One Pot Synthesis of Indolc-, Thlcnop>rl-c)lc-, and Sclcnolopyrrole Acctlc Acid Ethylester 
l)crl\ atl\‘es from N-BOC Protcctcd o-Iodo-Ar! lam~nes”. 

It !ias obscr\cd, In agrccmcnt v~ith others’:‘, that 5-cxo- \f as 11~ owed wcr h-cndo-cychsatlon. Products 
resulting from O-cndo-c),clIsatlon could In no case bc dctccted. Substrates such as anilincs \vlth electron- 
donatmg groups (Table 3, entry 6). or 3-amlnothlophcncs (Table 3, entry 3, 3, IO), needed extra addmon 01 
cth!,l 4-bromocrotonatc (II- cthoxl fumaroql chloride lor allqlation / acryloylatlon to proceed satisfactorily. 
Unreactcd ql ~odldcs could, In some ol those casts, bc Isolated after cyclisatlon (Table 3, entry 6, 10). In 
one case, \I hen the qcltsatlon bias stopped al.tcl-4 h. could the tautomcr 13g’ be Isolated together with the dc- 
Grcd lndolc (Table 3, cntrq 7). Tautomcnsutlon ot this compound to indole could easdy be monltorcd by pro- 
ton NMR In ~lcutcr-c~hlorc)l~(~l~~i. under Inllucncc 01 a catal> tic amount of TEA. No trace of this tautomer could 
be detected \I hen the same <!cllsatlon VYIS conrlnucd for 24 h (Table 3, entry 8). 
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X-ray crystallographic analysis ” of N-unprotected oxothienopyrrole lla was performed to ensure the 
structure of this compound, and its N-BOC protected precursor 1Oa. Assignment of the (E)-stereochemistry at 
the exocyclic double bond in 1Oa and lla could, by this analysis, be made with certainty. The regio- and 
stereochemistry of the two differently fused isomers lob and lOc, as well as the unprotected analogues llb 
and llc, was thereby also confirmed since all three isomers, with and without N-BOC protection, showed 
very similar spectroscopical properties. Without reference material these N-BOC protected (lOa-c), or N- 
unprotected (1 la-c), oxothienopyrroles proved otherwise impossible to distinguish (‘H shifts and JcmH) from 

the thienopyridinones 17a and 17b , which would result from imaginable 6-endo-cyclisation. The three N- 
unprotected isomers lla-c showed similarities in their tH shifts (a (H-vinyl, deuterochloroform)=6.52,6.70, 
6.71 respectively), and ‘H-13C coupling constants (3J (H-vinyl-CON, deuterochloroform)=7.1, 6.5, 5.8 Hz 
respectively). The corresponding N-BOC protected compounds lOa-c also showed similarities in their ‘H 
shifts (a (H-vinyl, deuterochloroform)=6.57,6.76, 6.53 respectively), and ‘H-13C coupling constants (3J &I- 
vinyl-CON, deuterochloroform)=7. 2, 6.8, 6.0 Hz respectively). It might be concluded that only one 
stereoisomer is formed during cyclisation of N-acryloyl aminothiophenes 9a-c, since no other isomer could be 
detected by TLC-analysis of the crude products, or by ‘H NMR of the purified compounds. 

Thermal remavnl of N-BOC suhsrituents. In order to remove the N-BOC substituent from the indoles and 
hcterocondenscd pyrroles obtamed, we used a modified thermal procedure of Rawal and Cava. l5 Although the 
original procedure - to heat the substrate to about 180 “C - has been used for deprotection of indolesz6 and 
other nitrogen protected compounds”‘, we experienced it less suitable. Along with the desired products, the N- 
BOC protected thienopyrroles 13a and 13c also gave large amounts of dark resinous material at this tempera- 
ture. The substrate was instead adsorbed onto silica gel and kept at only 50 “C under reduced pressure to 
remove the BOC group (table 4, eq. 4). When the reaction was performed at atmospheric pressure, under 
otherwise identical conditions, it was slow and only trace amounts of product could be detected after 24 h. 
Only in the case of the highly instable 3.4-b fused thienopyrrole 13b. the product 14b could not be obtained 
(Table 4, entry 2). The silica gel became black and neither starting material nor product could be detected. 

Table 4. Thermal Removal of the N-BOC Substituent from Various Substrates.a 

entry substrate product isolated yield (%) 

1 13s 14a 

2 13b 14b 

3 13.2 MC 

4 13d 14d 

5 13e 14e 

6 13f 14f 

7 1% 14i3 
8 10a lla 

9 lob llb 

10 1OC 1lC 

11 9a 16 

92 
- 

86 

58 

89 

89 

19 

87 

77 

76 

81 

al see expaimenlal saxion for a gcned procedure. 
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Cotnparison with radical cyclisatian (rq. 5). Comparison of the palladium catalysed, and the radical 
Induced pathways for rmgclosure of N-acr)iloyl substituted aminothiophene 10a was made. 

9a 

Bu3SnH 
AIBN 
toluene, reflux 

(5) 
v 

18 19 

(67%) 
Hz / Rh(PPh),CI 
ethanol 

! 

(57%) 

10a lla 

Saturated oxothicnopyrroles 18 and 19 could be obtamed by hydrogenation of unsaturated oxothienopyrroles 
10a and lla by employment 01. Wilkinsons catalyst m 67 and 57 % (67 % based on consumed lla) yield 
respectively. The N-BOC protected oxothienopyrrolc 10a proved to be more smoothly hydrogenated than the 
N-unprotected analogue lla, which demanded longer reaction time and still was not totally consumed. The 
best total yield starting from 9a, usmg palladium-catalysis as the key step, was thus 36 % of 18. When radical 
cychsatlonz8 was performed, by reaction of 9a with I .2 equiv. tributyltin hydride in refluxing toluene for 5 h 
with 12.2 mM AIBN as Initiator, a mixture of 18 (9 %) and 19 (4 %) was obtained. The crude product after 
this reactlon was more complex compared to that from the Heck cychsation. Despite two successive puritica- 
tlons by chromatography on slhca gel, the products were not pure according to ‘H-NMR. Attempted radical 
cyclisation of the isomenc N-acryloylated ammothlophenc 9c under the same conditions failed. 

Saponijiccctiot~ ofthirnop~~rrole esters 14n crnd 14~. Saponification of esters 14a and 14c with potassium 
hydroxide gave, m quantltativc ylclds, potasstum salts 20 and 21 respectively (eq. 6). These salts were stable 
neat or m water solution fol- sevenal weeks at room temperature if protected from light. All efforts to obtain 
the correspondmg acids, by mlld acidic treatment of the salts and extractive workup, resulted m resinous 
products. Similar results have been found by Snyder and coworkers I1 in attempts to obtain the corresponding 
acid of 21. Dcgradatmn of this itr si/u generated acid, in 0.8 M DOAc / deuteriumoxide, could be monitored 
by ‘H-NMR o\.ermght. 
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14a, c KOH 
(want.1 

(f-5) 

COzK 
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EXPERIMENTAL 

All reactions were performed under mtrogen. Starttng materials, 1 16, 2t6, 5c8, 3-(N-tert-butoxycarbonyl- 
amino)thiophenet6, 8a29, 8b “) 630, and ethoxyfumaroyl chloride3’ , were prepared according to literature 
procedures. Ethyl 4-bromo-crotonate was purhased from Janssen Chtmica, diphenylphosphoryl azide from 
Merck, N-iodo succinimtde from Fluka, and palladium acetate from Riedel-de Haen. DMF, DME, and 
solvents used as eluents for chromatography, was distilled and stored over 4 8, molecular sieves. Dry diethyl 
ether was distilled over sodium pnor to use. THF were distilled over sodium under nitrogen atmosphere. Flash 
column chromatography was performed on TLC-siltca gel (60H, Merck), and IS referred to as 
“chromatography”. TLC analyses were performed on silica coated aluminium plates. The spots were 
visualized in UV light, and by amsaldehydeisulfunc acid/ethanol-spray followed by heating. ‘H NMR spectra 
were recorded on a Vat-tan XL 3C0, or XL 300 NMR-spectrometer, operating at 300 and 200 MHz (proton) 
respectively. 13C NMR spectra were recorded on the same Varian XL 300 NMR-spectrometer. Chemical 
shifts (a) are reported in parts per milhon downfield from TMS. Mass spectra were obtained on a Jeol SX 102 
spectrometer using electron Impact tonizatton at 70 eV. Elemental analyses were performed by H. Kolbe 
Mikroanalytisches Laboratorium (Mulhetm, Germany). Uncorrected melttng points were performed on a 
Wetzlar mtcroscope. 
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2-lodo-3-CN-f&-butoxvcarbonvlamino)thiophene (3): 

A solution of 7.10 g (35.6 mmol) 3.(N-fcr/.butoxycarbonylamlno)thiophene and 8.02 g (35.6 mmol) of N- 
lodosuccmlmide in carbon tetruchlorlde (50 ml) was rcfluxcd for 2 h. After allowmg the mixture to reach 
room temperature, the precipitated succlmmide was removed by filtration, followed by washing with carbon 
tetrachloridc (20 ml). The crude product obtalncd after concentration was purified by chromatography (EtOAc 
In-hcptanc 5:95) to yield an oil, that slo\vly crystallised when stored at 0 “C, to give 8.22 g (71.0 %) of 3 as 
\vhite crystals. mp 71-72 “C; ‘H NMR (DMSO-c/6) a 8.55 (bs, lH), 7.66 (d, J=5.5 Hz, lH), 6.97 (d, J=5.5 Hz, 
1H). 1.46 (s. ‘IH); ‘-? C NMR (DMSO-r/6) ?I lS3.06, 140.9~, ? 130.17, 12538, 79.11, 28.03; MS m/z (%): 325 
(M+, 26). 269 (9X), 225 (l(X)), ?-LO (49), 57 (60); HRMS observed: 324.9627. Calcd: 324.9632 ; Anal. Calcd 
I.or C,,H,,INO,S: C 33 24, H 3.72. N -I 3 1 t’ound: C 33.49, H 3.46, N 4.52. 

(3-lodo-2-selenophenekarboxvlic acid (7): 

A solution of LDA was prepared by addlng 2X ml ( I.91 M, 53.7 mmol) BULI icyclohcxane while stlrring to 
5.43 g (53.7 mmol) dilsopropyl amine in drq dicth!l ether (I00 ml) at room temperature. After cooling (-70 
“C) this solution, I I.5 g (4.X mmol) 01 6 in drq dicthyl ether (50 ml) was added at such a rate that the 
temperature dud not c~zccd -70 “C. The ml\tuI-c \\as stlrrcd for another 30 mm. at this temperature before 
addition ot c\ccss solid carbon dioxide. AItei- alto\\ing the mixture to reach room temperature it was extracted 
\\ ith three portions (50 ml) 01. I M SaOH (uq.). Acidification of the combined extracts rvlth cont. HCI and 
cooling (0°C o\‘cr night) resulted In preclpltatlon 01 the product. Filtratlon, washing with cold water, and 
drying gale 3.93 g (29 % i of 7 as a sliphthtl colored solid which was used in next step without further 
puriflcution. mp . I ho- 170 “C (dcc.): ‘H NMR (DMSO-r/6) a I I.05 (bs, lH), 8.42 (d, J=5.7 Hz, lH), 7.63 (d, 
J=S.7 HL. 1H): “C KhlR (DMSO-t/h) a Ihh.(K>, Ih4.04. 139.40, 137.37, 131.91; MS miz (%): 302 (M++l, 
100). 256 (2). 175 (13): HRhlS observed: 301.X343 (M+). Calcd: 301.8342. 

3-lodo-2-CN-&&-butoxvcarbonvlamino)selenophene (4): 

A solution 01 2.65 g (8.81 mmol) 7, 0.98 g (9.69 mmol) of TEA, and 2.67 g (9.69 mmol) of diphenyl 
phosphoql a/.~dc In /rr/-butanol (5U ml) was rcl tu\cd lor 6 h. The reaction mixture was thcrcal~tcr evaporated 
with 5 g silica pcl (l(X)-200 mesh), and purified by chromatography (EtOAcin-heptane 5:95), to give 1.38 g 
(42 ‘2) of 4 as ycllo\vlsh crystals. mp 57-60 “C; ‘H NMR (DMSO-d6) I?J 9.37 (bs, lH), 7.65 (d, J=6.5 Hz, 
IH), 7.08 (ii, J=6.S Hr, IH), 1.49 (s, VH): ‘%I NMR (DMSO-d6) a 153.17, 141.30, 133.96, 125.16, 80.80, 
27.89; MS rn// (‘Z ): 373 (M++l. 16). 317 (-501, 273 (34). 57 (100); HRMS observed: 372.9079 (M+). Calcd: 
372.x177; Anal Cnlcd for C,,H,,lSO,Sc: C 29.05, H 3.15, N 3.77, found: C 29.41, H 3.43, N 3.64. 

4-Bromo-2-iodo-X-(w-butoxvcarbonvl)aniline (5b): 

A solution 01 3. IO g (IO.4 mmol) Sb, S.45 g (25.0 mmol) 01 BOC-anhydrlde, and 127 mg (1.04 mmol) of 
DMAP m THF (50 ml) ~vas stirred at room temperature for 31 h. The solvent was removed m vacua, and the 
residue redlssol\,cd m meth~lcnc chlol-ide ( l(X) ml), lollowcd by filtration through 50 g sllicagel. The silicagcl 
was washed \\ ith another portIon mcthylene chlorldc (200 ml). After concentration of the combined solutions 
5,15 p (99 ‘2) 01 the corrcspondlng N,N-dlBO(‘ substituted amlIne was obtained as a pale red solid. ‘H NMR 
(CDCI,) ii 7.98 (J, J=7.2 H/, IFI), 7.47 (dd. J=X.J. 2.2 Hz, IH), 7.06 (d, J=8.4 Hz, IH), 1.41 (s, 18H). This 
solid, and I .7X g ( l5.(> mmol, t 20 ml) 01 TkA, u ;ls d~ssol\ cd In methylene chloride (100 ml) and stlrred at 
room tcmpcmkuc lor IX h bclorc quenching \\ Ith 5 ml TEA 
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The crude product obtained after conccntratlon was purlfled by chromatography (EtOAc/n-heptane 1:9) to 
give 3.89 g (94 ?k total ylefd) of 5b as a pale red wauv solid. ‘H NMR (CDCI,) a 7.% (d, J=9.0 Hz, lH), 7.86 
(d, J=2.3 Hz, lH), 7.42 (dd, J=9.0, 2.3 Hz, IH), 6.79 (bs, lH), 1.52 (s, 9H); 13C NMR (CDC13) d 152.33, 
140.45, 138.16, 132.08, 120.86, 115.80, 88.73, 81.46, 2X.28; MS m/z (R): 397 / 399 (M+, 12), 341 / 343 (3&), 
297 / 299 (51), 57 (100); HRMS obsewcd: 396.y180 (M+). Cafcd: 396.9173; Anal. Calcd for C ,,H,,BrlNO,: 
C 33.19, H 3.3-y. N 3.52. I‘ound: C 33.X. II 3.34. N X.56 

2-Iodo-4-nitro-N-(tert-butoxvcarbonvf)anifine (Sa): 
The title compound was prepared according to the proccdurc abo1.e with the folIowIng euccptlons: 2.8 g (10.6 
mmof) of 8a was used as starting mntcrial. fntcrmcd~atc N,N-dlBOC substituted anilinc, 4.88 g (99 7~), was 
obtained as a pale bro\vn solld. ‘H NMR (CDC13) d X.70 (d, 3~2.5 HI, ]H), 8.23 (dd, J+,.7, 2,s HZ, ]H), 7.38 
(d, 8.7 HZ, lH), 1.41 (s, 18H). The crude product (4.1 p) \V;IS puriflcd by recrystaffiL!ation from n-heptane (60 
ml), by ald of’ acttvated carbon, to @I\ c 2.5 p (65 % total ),~cfd) 01 s;r as ~clfow crystals. mp 110.5-1 1 1.5 “C; 
‘H NMR (CD’J$ ?J X.64 (d, J=2 (1 HL, IH), X.34 (d, J=y.3 HI, IH), 8.21 (dd, J=9.3, 3.6 Hz, fH), 7.19 (bs, 
lH), 1.56 (s, 9H); 13C NMR (CDCIJ) R 151.h5, 144.68, 141..58, 134.43. 124.91, I 17.65, 85.85, 82.60, 28.18; 
MS m/z (“c): 364 (M+. I()), 308 ( 13). 264 (75). 234 (?)I, 57 ( 100); HRMS obscr\cd: 363.9920 (M+). Cafcd: 
363.yyly; Anal. Cafcd lor C, ,H,,IN,O,: C 36.X, H 3.60. N 7.70. found: C 36.35, H 3.66, N 7.76. 

N-(Ethvf-4-crotonvl)-3-iodo -2-(N-lerl-butoxvcarbonvfaminolthiophene (12a): 
To a stirred mi~turc ol’ 163 mg (0.50 mmol) 1 and 207 mg ( I .SO mmol) ol fx)tasslum carbonate in DMF (S 
ml). \vas added 193 mg (0.75 mmol) 01 ethyl -I-bromocl-otonLlte In one portlon. The mlrture was stlrrcd for 
another 2.5 h at room lcmpcraturc, and thcii adclcd to I(H) ml 01 dlcthql cthcl-, lollo\rcd by washing with water 
(2~25 ml), drying (MgSOJ), and conccnti-ation III I~XIIO. Ptml‘lcatron was done by chromatography (EtOAcin- 
hcptanc 15:85) to give 19X mg (91 ‘il ) 01’ 12a as a colorless 011. ‘H NMR (CDCI,) a 7.09 (d, J=5.8 Hz, lH), 
6.91 (dt, J=lS.7, 5.9 H/. IH), 6.88 (11. J=S.X HI, IH). 5.87 (dt, J=lS.7, I.6 H/, 1H). 4.24 (dd. J=5.9, 1.6 Hz, 
ZH), 4.12 (q, J=7.1 HI, ?H), 1.37 (5. yH), 1.21 (t, J=7. I H/, 3H); 13C NMR (CDCI,) d 165.73, 153.37, 
143.32, 142.31, 132.88, 1256c), 113.36, X1.65, 81.40,60.40,51.3 2. 28.10, 14.24; MS m/L (‘2’): 437(Mf, 4), 
381 (l), 337 (99). 308 (7). 264 (K), 136 (20). 57 (lOOi: HRMS obscrlcd: 437.0155 (M+). Calcd: 437.0157; 
Anal. Calcd for C,jH,,,fNO,S: C 41.20, H 4.61. N 3.10. lound: c‘4f.f-1, H 4.68, N 3.17. Also 24 mg (y(g) 01 
the reeslcrllicd compound 12a’” (cl. table I, CIIII-) 9) \ia.s ~s~f;ltcd as a byproduct. The pr-oposed structure of 
this compound IS based trn 11s spcctroscoplc data: ‘H NMR (CDC13) d 7.15 (d, 5=5.8 Hz, IH), 7.04 (dt. 
J=15.7,5.9 HY, IH). 6.94 (d, J=S.8 Hf. IH). 6.y-l (dt. J=l5.7,3 S fI/, IH), 6.02 (dt, J=lS.7, 2.0 HL, IH), 5.97 
(dt, J=f5.7, 1.6 HY, IH), 4.80 (dd. J=4.5, 2.0 HI, 2H). A.32 (dd, .I=S.y, 1.6 HL , 3H), 4.20 (q, J=7.2 HY, 2H), 
1.42 (s, 9H), 1.28 (t, J=7.1 H/. 3H): MS mi/ (‘2): 521 (M+. 2). 411 (~2). 308 (13), 224 (7), I 13 (28), 57 
(1W. 

N-(Ethvl-4-crotonvf)-J-iodo-3-tN-lert-bthene (12~): 
To a stirred mislure OK 163 mg (0.50 mmof) 3 and 4x9 mg (I.50 mmof) of cesium carbonate in DMF (4 ml), 
was added a solution ot ly3 mp (0.7S mmof) ethyl 4.bromocrotorlatc In DMF (1 ml) during 5 min. The mls- 
ture was slirred for another 40 min. at rtx>m tempemtur-c, and then added to 100 ml of dlethyl ether, followed 
by wushmg with water (IX!5 ml). drying (MgSO,), and concentration In vacua. Purlflcatlon was done bq 
chromatography (EtOAc/n-heptanc 2.8~ to PI\ c I75 mp (80 (;, y7 ‘i; based on consumed 3) 01. 12c as a 
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colorless oil, together with 29 mg of 3. ‘H NMR (CDCI,) ?J 7.40 (d, J=5.7 Hz, lH), 6.95 (dt, J=15.7,6.0 HZ, 
lH), 6.72 (bs, lH), 5.91 (d, .l=15.7 Hz, lH), 4.26 (d, J=6.0 Hz, 2H), 4.19 (q, J=7.1 Hz, ZH), 1.39 (s, 9H), 1.28 
(t, J=7.1 Hz, 3H); 13C NMR (CDCI,) a 165.91, 153.73, 144.74, 143.11, 130.26, 126.63, 123.02,80.97,75.90, 
60.42, 50.11, 28.21, 14.23; MS m/z (%): 437 (M+, 4), 381 (9). 337 (43). 308 (27), 264 (ll), 136 (77), 57 
(100); HRMS observed: 437.0157 (&). Calcd: 437.0157; Anal. Calcd for C tsH2&N04S: C 41.20, H 4.61, N 
3.20. found: C 41.36, H 4.84, N 3.08. 

To a stirred solution of Y75 mg (3.00 mmol) 3, 37 mg (0.30 mmol) of DMAP, and 1.52 g (15.0 mmol, 2.10 
ml) of TEA In THF (10 ml), was added portionlvise under 1 h, a solution of 732 mg (4.50 mmol) of 
cthoxyfumaroyl chloride In THF (3 ml). The mixture was thereafter heated (50 “C) for 72 h, with addition of 
two 244 mg (1.50 mmol) portlons of ethoxyfumaroyl chloride, after 24 and 48 h of reaction respectively. The 
mixture was then, after cooling to room temperature, poured Into diethyl ether (100 ml). The etheral solution 
was washed with water (2x25 ml), dried (MgSO,), and concentrated In vacua. Purification by 
chromatography (EtOAc/n-heptane 28) ga\c 805 mg (60 %, 79 % based on consumed 3) of 9c as white 
crystals togcthcr nlth 242 mg of 3. mp 116-l IY “C; ‘H NMR (CDCI,) a 7.78 (d, J=15.5 Hz, lH), 7.48 (d, 
J=5.6 Hz., 1H). 6.80 (d, .I=155 H/, lH), 6.75 (d, J=5.6 Hz, lH), 4.26 (q, J=7.1 Hz, 2H), 1.44 (s, 9H), 1.31 (t, 
J=7.1 Hz, 3H); ‘-k NMR (CDCI,) ii 166.02, lhS.?Y, 151.09, 140.63, 136.16, 131.53, 130.62, 126.57, 84.65, 
61.24, 27.82, 14.18; MS m/z (%): 4.51 (M+, 3), 395 (6), 351 (45), 251 (74). 224 (100). 22.5 (55), 127 (58), 99 
(84), 57 (86); HRMS observed: 450.9951 @I+). Calcd: 450.9949; Anal. Calcd for C,,H ,,INO,S: C 39.92, H 
4.02, N 3.10. found: C 39.84, H 3.95, N 3.13. 

N-(Ethoxvfun~arovl)-3-iodo-2-(N-tert-butoxvcarbonvia~nino)thiophene (9a): 

The tltlc compound \\as prepared as abo\c f~-om 975 mg (3.00 mmol) of 1, with Ihllowing exceptions: No 
additlonal cthoxyfumuroyl chloride was uddcd. The rcactlon was run for 2 h at room temperature. After 
workup 1. I2 .g (X3 Q) of 9a was obtained as white crystals. mp 1(x).5-101.5 “C; ‘H NMR (CDCl,) a 7.73 (d, 
J=15.4 Hz, lH), 7.30 (d, J=.5.8 Hz, IH), 7.00 (d, J=5.8 Hz), 6.79 (d, J=15.4 Hz, IH), 4.24 (q, J=7.1 Hz, 2H), 
1.45 (s, 9H), 1.3 1 (t, J=7.1 Hz, 3H); 13C NMK (CDCI,) a 166.06, 165.18, 150.83, 138.34, 135.71, 133.19, 
131.97, 127.39, X5.22. 83.31, 61.29, 27.78, 14.17; MS miz (%): 451 (Mf, 2), 395 (2), 351 (%), 251 (loo), 
235 (74), 224 (1 l), 127 (Y7), YY (45), 57 (c)4); HRMS observed: 450.9963 (M+). Calcd: 450.9949; Anal. 
Calcd for C ,,H ,,$NOSS: C 3Y.Y2, H 4.02, N 3. IO. found: C 39.99, H 4.04, N 3.17. 

General procedure for synthesis of acetic acid ethyl esters (13a-g) by one pot reaction (table 3): 

In one portlon with stIrrIng, 1.5 equiv. <)f ethyl 4-bromocrotonate was added to a mixture of N-BOC 
substituted o-lodoanllinciamlnothlophene (2.5 mmolirnl), and 4 cquiv. of dry 1.mcly divided potassium 
carbonate, m DMF at rOOrn temperature. Normall) the mixture was stirred until the startmg anilineiamino- 
thlophcnc was totall) consumed (TLC). If the rcactlon was slow, and the crotonate was consumed before 
completion, another 0.5 cqul\. portion of this matcrlal was added. Thereafter 0. l- and 0.05 equiv. respectively 
of trlphcnylphosphlne and palladium acetate were added. After stirring for another 30 min. at room 
tcmpcraturc the mtsture was heated to 60-65 “C, unless otherwlse stated, until TLC lndlcated total 
consumption of the pie\ ~ousl> lol-mcd N-all) latcd Intcrmedlatc. The mixture was then allowed to reach room 
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temperature before dissolving in diethyl ether. The etherdf solution was washed with water, dried (MgS04), 
and evaporated with silica gel (100-200 mesh), followed by purificatron by chromatography. 

Ethyl (6-[tert-butoxvcarbonvl)-4-thienor2,3-blpvrrolvl)acetate (13a): 
The reaction was carried out on 1.62 g (5.00 mmol) of 1. Allylation and ringclosure was carried out for 2.5 
and 24 h respectively. EtOAcin-hcptane 1585 as elucnt gave 1 .ll g (72 8) of 13a as white crystals. mp 69- 
71 “C; ‘H NMR (DMSO-d6) a 7.37 (s, lH), 7.22 (dd, J=5.3, 0.8 Hz, lH), 7.02 (d, J=5.3 Hz, lH), 4.10 (q, 
J=7.1 Hz, 2H), 3.69 (d, J=O.8 Hz, 2H). 1.60 (s, 9H), 1.17 (t. J=7.1 Hz, 3H); 13C NMR (DMSO-d6) a 170.49, 
147.53, 132.62, 123.64, 122.29, 117.20, 114.10, 84.41, 60.37, 31.39, 27.50, 14.01; MS m/z (%): 309 (Mf, 
25), 253 (94), 209 (31), 136 (100) 57 (70); HRMS observed: 309.1033 (M+j. Calcd: 309.1035; Anal. Calcd 
for C ,,H,,NO,S: C 58.23, H 6.19, N 4.54, found: C 58.18, H 6.23, N 4.50. 

Ethyl (l-~Tert-butoxvcarbonvl~-3-thienol3.4-bl~vrrolvl~acetate (13b): 
The reaction was carried out on 1.62 g (5.00 mmol) of 2. Allylatton and nngclosure was carried out for 48 and 
5 h respectively, wrth another addttton of crotonatc al.tcr 24 h. EtOAc/n-heptane 158.5 as eluent gave 1.02 g 
(66 %) of 13b as a colorless oil that raptdly darkcncd. ‘H NMR (DMSO-rl6) a 7.52 (s, lH), 7.23 (d, J=2.5 
Hz, lH), 7.00-7.26 (bs, unresolved, IH), 4.10 (q. J=7. I HI, 2H), 3.63 (d, J=O.9 Hz, 2H), 1.58 (s, 9H), 1.20 (t. 
J=7.1 Hz, 3H); 13C NMR (DMSO-rlh, 40°C) ii 170.10, 14X36, 137.85, 130.30, 110.87, 108.97, 101.54,82.90, 
60.27, 31.06, 27.67, 13.99; MS mi/. (%I): 300 (M+. l3), 253 (54), 209 (37), 136 (loo), 57 (41); HRMS 
observed: 309.1032 (M+). Calcd: 30Y. 1035: Anal. Calcd for C,,H ,gNO,S: C 58.23, H 6.19, N 4.54. found: 
C 58.24,, H 6.22 N 4.65. 

Ethyl (4-ltert-butoxvcarbonvl)-6-thieno13.2-bIpvrrolyliacetate (13~): 
The reaction was carrted out on 1.62 p (5.00 mmol) of 3. Allylatron and nngclosure was carried out f’or 48 and 
5 h respectively, wtth another addttton 01 crotonatc aftct 24 h. EtOAcin-heptane l5:85 as eluent gave 1.03 g 
(66 a) 01’ 13~ as whttc cr)‘stals. mp YLY6 “C; ‘H NMR (DMSO-~16) i, 7.47 (dd, J=5.2, 1.3 HL, lH), 7.41 (m, 
IH), 7.26 (d, J=5.2 H7, It-l). 4.1 1 (q. J=7.1 H/ , X-l), 3.68 (d, J=l.O H7., 3H), 1.61 (s, 9H), 1.21 (t, J=7.1 Hz, 
3H); 13C NMR (DMSO-c/6) i+ 17().OY, 147.87, 137.43, 126.77, 126.47, 122.28, 114.39, 113.51, 83.80, 60.39, 
31.56, 27.52, 14.02; MS m/I (%): 309 (M+, 16), 253 (68), 209 (42). I36 (loo), 57 (44); HRMS observed: 
309.1034 &I+). Calcd: 309.1035: Anal. Calcd for C ,iH,,NOIS: C 58.23, H 6.19, N 4.54. found: C 58.28, H 
6.24. N 4.4S. 

Ethyl (6-(lert-butox~~carbonvl)-4-selenolol2,3-bIpvrrolvl)acetate (13d): 
The reactton was carried out on 558 mg ( 1.50 mmol) ol 4. Allylation and rmgclosure was carned out for 3 and 
24 h rcspecttvely. EtOAcin-hcplanc 1:Y as cluent gav’c 3 15 mg (SY (7,) of l3d as a yellowtsh oil. ‘H NMR 
(DMSO-(/(I) a 7.72 (d. J=5.X H/. IH), 7.37 (bs. 1H). 7.24 (d, J=S.8 Hr, IH), 4.09 (q, J=7.1 Hr, 2H), 3.70 (d, 
J=O.X Hz, 2H), I.60 (s, YH), I. 1’) (t, J=7.l Hz, 3H); “C NMR (DMSO-rk$) a 170.56, 134.01, 131.79, 126.98, 
122.40, 119.72, 115.46. S4.35. 60.26. 31.39, 27.49. 14.02: MS mi/ (‘Z): 357 (M++l, 28), 301 (loo), 257 (26), 
184 (81), 57 (c)3); HRMS obscrvcd: 357.0482 (h/l’). Culcd: 357.047Y; Anal. Calcd for C ,,H,pO,Sc: C 
50.57, H 5.38, N 3.Y3. lound: c‘ 5X).63, H 5.44. N 4.06. 
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Ethvl (5-nitro-l-(tert-butoxvcarbonvl)-3-indolvI)acetate (13e): 
The reaction was camcd out on 560 mg (1.54 mmol) of 5a. Allylation and ringclosure was carried out for 3 
and 19 h respcctlvely. methylenc chlorIdein-heptane 7:3 as eluent gave 363 mg (68 %) of 13e as brownish 
crystals. mp 84-86 “C; ‘H NMR (CDCI 3) a 8.49 (d, .I=?. I Hz, lH), 8.27 (d, J=9.2 Hz, lH), 8.22 (dd, J=9.2, 
2.1 Hz, lH), 7.72 (bs unresolved, IH), 4.20 (q, J=7.1 Hz, 2H), 3.75 (d, J=l.O Hz, 2H), 1.68 (s, 9H), 1.29 (t. 
J=7.1 Hz, 3H); 13C NMR (CDCI,) iJ 170.42, 14X.7Y, 143.67, 138.60, 130.08, 127.37, 119.83, 115.75, 115.49, 
114.10, 85.13, 61.38, 30.88, 2X.10, 14.17; MS m/z (%): 348 (M+, 7), 292 (35), 248 (38), 175 (66), 57 (100); 
HRMS observed: 348.1324 (M+). Calcd: 34X. 1322: Anal. Calcd for C,,Hz0NZ06: C 58.61, H 5.79, N 8.04. 
found: C 5X.96 , H 5.95 , N 7.80. 

Ethvl (5-tnethoxv-l-(~butoxvcarbonvl)-3-indolvl)acetate (13fk 
The reactlon I\ as camed out on 5~29 mg (I 50 mmol) of SC, Allylatlon and ringclosurc was carried out for 94 
and 5 h rcspcctivcl!, with t\\o addltlons 01. cr-otonatc after 28 and 49 h. EtOAcin-heptane 15:85 as eluent gave 
337 mg (67 %, 72 ‘/: bnscd on consumed 5c) r>l’ 13f as a slight yellow oil, together with 36 mg SC. ‘H NMR 
(CDCI,) a 8.02 (bd, J=Y.O H/, lH), 7.55 (bs, unresolved. lH), 7.00 (d, J=2.5 Hz, lH), 6.94 (dd, J=9.0, 2.5 Hz, 
lH), 4.18 (q, J=7. I HI, W), 3.86 (s, 3H), 3.67 (ii, J=l.O H/, 3H), 1.65 (s, YH), 1.27 (t, J=7.1 Hz, 3H); 13C 
NMR (CDCI,) ii 171.07, 155.X’s, 149.55, 130.Y3, 130.13, 135.03, 116.00, 113.17, 113.01, 101.84, 83.43, 
61.02, 55.70, 3 1.32. 7X.11, l-1.24; MS m/z (%): 333 (M+ , 14), 277 (loo), 233 (23), 204 (7_5), 188 (2), 160 

(99), 57 (37); HRMS obscr\ed: 333.1576 (M+). Calcd: 333.1576; Anal. Calcd for C,,H23N0i C 64.85, H 
6.95 , N 4.20. found: (-. 64.93. H 6.9X. N 4.76 

Ethvl (5-bror~~o-l-~~butoxvcarbonvl)-3-i~~dolv~)acetate (132): 
The rcactlon \\‘a~ can-led out on 596 mg (1.50 mmol) of 5b. Allylation and rlngclosur-e was carried out for 30 
and 24 h I-cspcctl\ ~1s. Rlngclosure \\ as 111 thl\ c‘asc pcrl or-mcd at room temperature. EtOAcin-heptane 2:8 as 
eluent gave 3X1 mg (67 %) 01 14g as a coIol-Jcss 011. ‘H NMR (CDCI,) ?I 8.02 (bd, J=8.9 Hz, lH), 7.67 (d, 
J=l.Y H7, lHj, 7.56 (s, IH). 7.40 (dd, J=X.Y, 1.9 Hz., lH), 4.1Y (q, J=7.1 Hz, 2H), 3.65 (d, J=l.O Hz, 2H), 1.67 
(s, YH), 1.29 (t, J=7.1 Hz, 3H); “C NMR (CDCI.,) ?I 170.70, 149.22, 134.20, 131.83, 127.35, 125.56, 121.93, 
116.72. 1 16.01. 112.55 X4,OY, 01.16, 31.04 7X.16. 14.70; MS m/7. (%): 381/383 (M+, 15), 325 / 327 (52), 
2X1 : 283 (321, 151 I 1.53 (14). 20X : 210 (7Yj. 57 ( 100): HRMS observed: 383.0555 (M+). Calcd: 383.0556; 
Anal. Calcd tar C ,.$l,,,BrNOA: C 53.41, H 5.37, S 3.67. iound: C 53.32, H 5.35, N 3.74. 

General procedure for synthesis of carbcthoxymethylene-oxothienopyrrole carboxylic acid ethyl esters 
(lOa, b) by one pot reaction (table 3): 

In one portlon I\ Ith stlmnp, 4XxX mg (3.00 mmol) 01 ctho\yfumaroyl chloride was added to a mixture of 
650 mg (2.00 mmol j o-lodo-N-( frrr~buto\;~carboIl!~~a~~~~i~~)th~ophcnc (1, 2), 2.02 g (20 mmol, 2.80 ml) of 
TEA, and 24 mg (0.20 mmol) of DMAP In THF ( lOm1). The mixture was stlrred at the mdlcated temperature 
until starting amlnothlophcnc IWS total? consumed as tnomtored by TLC. If the reactlon was slow, and the 
etho\yfumaro! I chlol-ldc \\as ccwumcd bcio~-e zomplctlon, another 163 mg (1 mmol) portion of this material 
\\ as added. Thcrcal tcr. 2-l mg (0 10 mmol) of pvlladlum acetate and 52 mg (0.20 mmol) 01 
trlphcnylphoxphlnc, \I;L~ ad&d. The ml\tul.c \III therealter shrred lor the time, and at the temperature 
Indicated. Pu~lt~cat~otl \\as .Ichlc\-cd b) cl .qx~ut~n y the reaction mlxturc \vlth 3 g skca gel (loo-2(x) mesh) 
tollowcd b> chl-cmutograph! (l;tOAc:n-hcptanc I :Y). 
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~E)-4-[Carboethoxvmethvlene)-,5-oxo-6-(t-dihvdro-thieno~2,3-bl~vrrole (lOa): 

The acryloylatlon and rtngclosurc rcspcct~wly \txs carried out for I h at room temperature, and 5 h at reflus. 
After punficatlon, 352 mg (54 %) of 10a was obtaIned as yellow crystals. mp 123-125 “C; ‘H NMR (CDCI,) 
d 7.71 (d, J=5.5 Hz, lH), 6.90 (d, J=5.5 Hz, lH), 6.57 (s, IH), 4.30 (q, J=7.2 Hz, 2H), 1.65 (s, 9H), 1.38 (t, 
J=7.2 Hz, 3H); 13C NMR (CDCI,) FJ 166.41, 165.49, 149.93, 147.02, 134.83, 124.28, 120.87, 119.84, 117.21, 
85.60, 61.09, 28.04, 14.23; MS m/y (%): 323 (M’. 7). 223 (lo()), 150 (49), 57 (39); HRMS observed: 
323.0826 (M+). Calcd: 323.0X2X; Anal. Calcd (or C ,-;H t7N05S: C 55.7 1, H 5.30, N 4.33. found: C 55.82, H 
5.41. N 4.38. 

~E)-3-(CarboethoxvnIcthvlene)-2-oxo-1-(ter~-butoxycarbonvl)-2,3-dihvdro-thienol3,4-b]uvrrole (lob): 

The acryloylatlon was carned out ior 50 h at rellux, \vlth another addltlon of ethoxyfumaroyl chloride after 28 
h. Ringclosure was cawed out at 40 “C for 72 h. After purification, 173 mg (27 G%, 37 % based on consumed 
2) of lob was obtained as ycllo\\~ crystals. together v. Ith IX3 m g 2. mp 118-120 “C; ‘H NMR (CDC13) a 8.46 
(dd, J=2.7, 0.6 Hr, lH), 7.00 (d. J=2.7 H/., IH), 6.76 (d. J=O.h H/, IH), 4.31 (q, J=7.1 Hz. 2H), 1.64 (s, 9H), 
1.36 (t, J=7.1 H/, 3H); ‘k NMR (CDCI,) a167.57, 165.65, 148.11, 138.83. 134.45, 129.44, 124.95, 119.92, 
104.44, X4.77, 61.30. 2X.05. 14.20; MS m’c (%): 323 @I+. 9). 223 (loo), 150 (24), 57 (48); HRMS obsewed: 
323.082 1 (Id ). Culcd: 373.0X2X; Anal Calcd k>r C , <H ,7N0,S: C 55.71, H 5.30, N 4.33. found: C 54.78, H 
5.42, N 4.3 I. 

(E)-6-(Carboethoxvn~ethvlene)-5-oxo-4-(~~~~-butoxvcar~~onvl)-~.6-dihvdro-thienol3.2-bl~vrrole (10~): 

A solution of 226 mg (0.50 mmol) 9c, 506 mg (5.0 mmol, 0.69 ml) ol’ TEA, 6 mg (0.025 mmol) of palladium 
acetate, and 13 mg (O.OM) mmol) 01 tnphcn!,lphosphlnc was stirred at room tcmpcrature fbr 96 h. The mlsturc 
was thereafter c~aporatcd \\ ~th 1.5 g XIIIU pcl (l(X)-?_00 mesh) and purified by chromatography (EtOAc/n- 
hcptane 2:8) to gve 29 mg ( IX ‘j; , 11 ‘% bawd on cc~nsumcd SC) 01. 1Oc as a )elloiv 011, together with 36 mg 
9c. ‘H NMR (CDCI,) ii 7 (,I I&. J=53, 0.7 H/, IH), 7.31 (d, J=5.3 Hz, IH), 6.53 (d, J=O.7 H/., lH), 4.32 (q, 
J=7.1 H/, 2H), 1.63 (s. 9H). 1.38 (I, J=7.l H/, 3H); “C NMR (CDCI,) ?i 167.18, 166.57, 148.23, 147.54, 
135.88, 135.39, 117.1X. I lh.95. 114.39, X4.64. 61.30, 28.0X. 14.28: MS m/z (a): 323 (M+, 7), 223 (loo), 151 
(34), 57 (46): HRMS obscrj cd: 323.0X1-4 (.Ll’). Cslcd: 323.0X28. 

General procedure for thermal removal of N-BOC substituent (table 4): 

A soluhon 01 the col-rc\pondlng N-BOC-substituted substrate ( IOa-c, 13a, c-g, 9a) In methylene 
chlorldc, \\as c\xporated rvlth IO times Its weight ol XIIIC~ gel (IM-209 mesh). This gel was then cwcuated (I 
mmHg) at SO “C using Kugclrohr cqulppmcnt \\ Ith pr-~~cct~on Irom light ~OI- 24 h. PunFlcatlon \q’as achieved 
on a short silica gel column lo rcmwc nilnor polar lnipurlties. 

Ethvl (6-H-4-thienol2,3-bLpvrrolvl)acetate (14a): 

The reaction ~5 as carncd out on 3 17 mg I I .02 mmol) 01 l3a. 

Mcthylene chlondc \\as used as clucnt to ~I\C 198 mg (9 %) of 14a X+ a >ellori~sh 011. ‘H NMR (CDCIR, 
200 mg : ml) 3 8.53 (br, IH), 7.tW (ii. J=5.3 Hr. 1H). 6.X5 (dd, J=S.3. 1.0 Hz, IH), 6.74 (m, 1H). 4.23 (q, 
J=7.1 H/., 2H). 3.71 (\, ‘11). 1.31 (t, J=7. I H/, 3H); ‘-‘C NMR (CDCI,) a 172.24, 133.68, 130.88, 122.60, 
118.08, 117.00, 10X.65, 6tI.Xh. i?.hX, 14.16: MS In!/ (‘Z): 209 (M+, 43), 136 (100); HRMS obser\cd: 
209.0508 (-II+). Calcd 2(W 051 1 
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Anal. Calcd for C,,H,,NO,S: C 57.39, H 5.30, N 6.70. found: C 57.27, H 5.22, N 6.75. 

Ethyl (4-H-6-thieno13.2-blpyrrolvl)acetate (14~): 
The reaction was carried out on 390 mg (0.937 mmol) of 13~. Methylene chloride was used as eluent to give 

169 mg (86 7~) of 14c as a yellowish oil. tH NMR (CDCI,) a 7.10 (dd, J=5.2, 1.3 Hz, IH), 6.86 (d, J=5.2 Hz, 

lH), 6.79 (s, lH), 4.22 (q, J=7.1 Hz., ZH), 3.67 (s, ZH), 1.32 (t, 5~7.1 Hz, 3H); 13C NMR (CDC13) d 171.96, 

138.82, 123.85, 123.56, 121.68, 111.49, 10X.63, 61.04, 32.88, 14.30; MS m/z (900): 209 (M+, 4@, 136 (100); 

HRMS obser\ ed: 209.051 I (M+). Calcd: 209.051 I : Anal. Calcd for C ,OH, ,NO,S: C 57.39, H 5.30, N 6.70. 

Eound: C 57.44, H 5.17, N 6.75 

Ethyl (6-H-4-selenolo[2,3-blpvrrolyl)acetate (14d): 
The reaction was carned out on 21.5 mg (O.W3 mmol) ol 13d. EtOAcin-heptane 3:7 was used as eluent to give 

89 mg (58 %) of 14d as ;L )ello\\lsh oil that rapIdly darkened. tH NMR (CDCI,) a 7.38 (dd, J=.5.7, 0.9 Hz, 

lH), 7.24 (d, J=5.7 HI. IH), 6.82 (m. lH), 4. IX (q. J=7.1 H/,. 2H), 3.68 (d, J=O.9 Hz, 2H), I.28 (t, J=7.1 Hz, 

3H); *jC NhlR (CDCI,) fi 172.32, 132.12. 131.25, 122.69, 121.47, 120.04, 110.08, 60.90, 32.71, 14.27; MS 

m/z (%): 257 (M++l, 6X), IX4 (100); HRMS obscl-\cd: 256.9953 (M+). Calcd: 256.99S5; Anal. Calcd lor 

C,,,H, ,NO,Se: C 46.88, H 4.33, N 5.47. lound: C 56.50, H 4.14, N 5.35. 

fEl-4-(Carboethoxvmethvlene)-5-oxo-4,,5-dihvdro-6-H-thienol2,3-blpvrrole (1 la): 
The reaction was carrlcd out on 116 mg (0.360 mmol) of IOa. EtOAc/n-heptanc 3:7 M~S used as eluent to 

g~vc 70 mg (87 %) o1 1 la 3s deep red cl-ysrals. mp 160- 16 2 “C; ‘H NMR (CDCI,) ?I 8.36 (bs, lH), 7,61 (d, 

J=5.3 Hz, IH), 6.71 (d, J=5.3 t-I/. lH), 6.52 (5. IH), 4.31 (q, J=7.1 Hz, 2H), 1.37 (t, J=7.1 Hz, 3H); 13C NMR 

(CDCI,) i, 172.08, lhS.89, 152.00, 135.541, 124.91. 121.15, 116.53, 116.04, 61.00, 14.27; MS m/z (%): 223 

(M+. 100). 195 (IX), 178 (XI), 151 (1-Z), 150 (X0): HRMS observed: 233.0311 (M+). Calcd: 223.0303. 

1E)-3-(Carboethoxvnlethvlene)-2-oxo-2,3-dihvdro-l-H-thienol3.4-blpvrrole (lib): 
The reaction was carned out on I25 mg (0.387 mmol) of lob. EtOAcin-heptanc 3:7 was used as eluent to give 

67 mg (77 % ) of I I b x br-lpht ycllo~v crystals. mp 15% I59 “C; ‘H NMR (CDC13) a 8.81 (bs, IH), 8.33 (d, 

J=2.5 Hy., IH), 6.70 (s. IH), 6.31 (d, J=7.5 H/,IH). 4.37 (q, J=7.2 Hz, 2H), 1.37 (t, J=7.2 Hz, 3H); 13C NMR 

(CDCI,) i, 172.3.5, l6S.90. 140.63, 135.7Y, 129.87, 126.76, 119.04, 96.98, 61.10, 14.26; MS m/L (%I): 223 

CM+> 100), 145 (Xj, I78 (45), 151 (32), 1.50 (73): HRMS observed: 223.0300 (M+). Calcd: 223.0303; Anal. 

Calcd lor C ,,,H,,NO.,S: C 53.X0, H 4.06. N 6.28. found: C 53.68, H 3.92, N 6.34, 

(E)-6-(Carboethoxvmethylene)-5-oxo-~,6-dihvdro-4-H-thieno~3,2-blpvrrole (11~): 
The reaction was carried out on 1X mg (-56 pmol) of 10~. EtOAc/n-heptane 3:7 was used ils elucnt to give 9 

mg (76 VL) 01‘ I lc LIS orange crystals. mp - 1%) “C kc.; ‘H NMR (CDCI,) a 7.74 (bs, IH), 7.57 (dd, J=5.2, 0.7 

HL, IH), 6.7-I (cf. J=5.2 H/. IH), 6.71 (d. .I=(),7 Hr, ltl), 4.34(q, J=7.l Hz, 2H), 1.37 (t, J=7.1 Hz, 3H); t3C 

NMR (CDC13) ij 171.63, Ihh.88, 149.62, 1X65, 13f.42, 115.35, 113.78, 112.31,61.18, 14.34; MS m/z (‘To): 

223 (M+, l(U), 19.5 i IS). 178 (480, I51 (71 i. I50 (3Y): HRMS obscr\cd: 223.0306 (M+). Calcd: 223.0303. 
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Ethyl (5nitro-1-H-3-indolvllacetate 114ek 
The reaction was carried out on 3 10 mg (0.890 mmol) of. 13e. EtOAcin-heptane 1: 1 was used as eluent to give 
197 mg (89 %) of 14e as yellow crystals. mp 86-88 “C (lit. 32 109-I 10 “C); ‘H NMR (CDCI,) a 8.69 (bs, lH), 
8.60 (d, J=2.2 Hz, IH), 8.18 (dd, J=9.0, 2.2 Hz, IH), 7.34 (d, J=9.0 Hz, lH), 6.99 (m, lH), 4.21 (q, J=7.1 Hz, 
2H), 3.81 (d, J=O.8 Hz, 2H), 1.31 (t, J=7.1 Hz, 3H); 13C NMR (CDCI,) ?I 171.54, 142.69, 141.81, 139.12, 
126.75, 126.28, 117.86, 116.45, 111.23, 61.24,31.04, 14.20; MS m/z (%): 248 (M+, 37), 175 (100) 129 (38): 
HRMS observed: 248.0790 (M+). Calcd: 248.0797; Anal. Calcd for C,,Hi,NNOo: C 58.06, H 4.87, N 11.29. 
found:C57.93,H4.81,N 11.1Y. 

Ethvl (5methoxv-1-H-3-indolvl)acetate (14f): 
The reaction was carried out on 13Y mg (0.417 mmol) of 13f. EtOAcin-heptane 3:7 was used as eluent to give 
86 mg (89 %) 01. 14f as pale crystals. mp YO-9- 3 “C (lit.3-’ 89-91 “C). The ‘H NMR-spectra was in accordance 
with previously reported” ‘? 

Ethvl (5bromo-1-H-3-indolvl)acetate C 14~): 
The reaction was carned out on 324 mg (O&IS mmol) of 13g. EtOAcin-hcptane 3:7 was used as eluent lo grve 

189 mg (79 %) of 14g ZIS rcdtsh crystals. mp 39-40 “C; ‘H NMR (CDCI,) a 8.21 (bs, lH), 7.75 (m, lH), 7.26 
(dd, J=8.7, 1.8 Hz, lH), 7.17 (d, J=8.7 Hz, IH), 7.10 (m, IH), 4.19 (q, J=7.1 Hz, 2H), 3.72 (d, J=O.8 Hz, 2H), 
1.29 (t. J=7.1 Hz, 3H); t’C NMR (CDC$) I? 171.89, 134.76, 129.00, 125.03, 124.36, 121.60, 112.94, 112.66, 
108.24, 60.99, 31.24, 14.24; MS m/l (X): 381 / IS3 (M+, 36), 208 / 210 (lCQ, 129 (28): HRMS observed: 
283.0036 (M+). Calcd: 283.0032; Anal. Calcd lor C ,2H ,zRrN02: C 51.08, H 4.29, N 4.97. found: C 51.17, H 
4.25. N 5.08. 

Z-(N-Ethoxyfumarovlaminol-3-iodothiophene 116): 
The reactton was carried out on 667 mg ( 1.48 mmol) of 9a. EtOAc!n-hcptanc 3:7 was used as eluent to give 
422 mg (81 %) of 16 as bright yellow crystals. mp 137-138 “C; ‘H NMR (CDCI,) a 8.16 (bs, IH), 7.13 (d, 
J=15.2 Hz, lH), 7.04 (d, J=S.6 Hy, lH), 7.00 (d, J=l5.2 Hz, lH), 6.04 (d, J=5.6 Hz, lH), 4.29 (q, J=7.2 Hz, 
2H), 1.35 (t, J=7.2 Hz, 3H); ‘-‘C NMR (CDCI,) i, 16507, 159.79. 136.25, 134.07, 132.85, 130.41, 120.58, 
66.04, 61.57, 14.16; MS ml/ (‘2 ): 351 (M+, K3) , 235 ([YY), 127 (IOO), 99 (53): HRMS observed: 3S0.9432 
(M+). Calcd: 350.Y425; Anal. Calcd for C t,,H,,,INO,S: C 34.20, H 2.87, N 3.99. found: C 34.08, H 2.87, N 
3.89. 

Ethvl ib-oxo-6-(~butoxycarbonvl)-4.5-dihvdro-4-thieno12.3-bIpvrrol~l)acetate (18): 
A solution of 309 m.g (0.956 mmol) 1Oa and S8 mg (W ymol) of (PPh,),RhCI tn abs. ethanol (100 ml) was 
hydrogenated (Parr, 6 kg 1 cm’, room temperature) for 58 h. The reaction mixture was thereafter evaporated 
with 2 g silica gel (10@2(x) mesh), and purlfled tvvice by chromatography (EtOAcin-heptanc 2:8) to give 209 
mg (67 (70) of 18 as a yellow 011. ‘H NMR (CDCI,) a 6.92 (d, J=5.2 Hz, lH), 6.82 (d, J=5.2 Hz, lH), 4.12 (dq, 
1.4 Hz, J=7.1 Hr., ?H), 3.Yl (dd, J=8.8,4.3 Hz, IH), 3.05 (dd, J=16.8,4.3 Hz, lH), 2.73 (dd, J=16.8, 8,X Hz, 
lH), 1.62 (s, YH), 1.21 (t, J=7.1 Hz, 3H); 13C NMR (CDCI,) a 175.91. 170.51, 147.48, 140.06, 123.89, 
121.09, 119.96, X5.10, 61.C)S. 43.Y6, 35.46, 38.05, 14.06; MS m/L (%): 325 @I+, 4). 269 (4), 225 (36), 151 
(lo), 57 (33); HRMS obsencd: 325.OY81 (M+). Calcd: 325,()9x4; Anal. Calcd for CtSH,,NOSS: C 55.37, H 
5.89, N 4.31. found: C 55.45, H 5.82. N 4.39. 
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Ethyl (S-oxo-4.5-dihvdro-6-H-4-thienol2,3-blpvrrolvl)acetate (19): 

A solution of 11 mg (50 pmol) lla and 4.6 mg (5.0 ymol) of (PPh,),RhCI in abs. ethanol (10 ml), was 
hydrogenated (Pan-, 6 kg / cm?, 60 “C) for 120 h. The reaction mixture was thereafter evaporated with 0.5 g 
slhca gel (100-200 mesh), and purified b>- chromatography (EtOAcin-heptane 3:7) to give 6.4 mg (57 %, 67 
% based on consumed 1 la) of 19 , together with I .5 mg of 1 la. ‘H NMR (CDC13) a 8.08 (bs, lH), 6.81 (d, 
J=5.1- Hz, lH), 6.74 (d, J=5.2 H/., lH), 4.16 (q, J=7. I Hz, ZH), 3.78 (dd, J=9.4,4.4 Hz, lH), 3.04 (dd, 5=16.7, 
4.4 Hr., lH), 3.66 (dd, J=16.7, 9.4 Hz, lH), 1.25 (t, J=7.1 Hz, 3H); 13C NMR (CDCI,) a 181.73, 171.04, 
141.13, 116.X, 121.00, 116.34, 61.00, 43.00, 35.02. 14.15; MS m/r (%j): 1125 (M+, 33), 180 (9), 179 (9), 151 
( 100); HRMS obscn,cd: ?3.04&) (M+). Calcd: 12S.(iK,O. 

Potassium (6-H-4-thieno[2.3-blpvrrolyl)acetate (20): 

To 77 mg (0.368 mmol) ol 14a, _.- ? 30 ml (0.167 M. 1.0 cqtu\.) potassium hvdroxlde in ethanol (95 %) was 
added The ml\ture was SLII-red lor 24 h at rc~m temperature, followed by removal of the solvent m vacua. 
The residue \\as thereafter dlssol\,cd m ~XICI- ( IO ml), and sashed with dkethyl ether (5 ml). Lyophilisation of 
the \~ater phax yelded 81 mg (quan~. 11cld) 01. 20 as a slightly collared solid. ‘H NMR (D,O) a 7.01 (d, 
J=5.S Hz, IH), 6.95 (s, 1H). 6.93 (d, J=5.S H/. IH). 3.51 (s, 2H); 13C NMR (D,O) a 184.25, 136.25, 132.91, 
125.67,121.11, IIc)-KI, 113hl.37.89. 

Potassium (4-H-6-thienol3.2-blpvrrolvl)acetate (21): 

The title compound \\as synthetlsed as abo\ e. with the follow ~ng exceptIons: As startmg material was used 
116 mg (0.5-Q mmol) ol 14c to go\ c 11-I m,g (quant. yield) of 21 as a slightly collared sohd. ‘H NMR (DZO) 
i, 7.12 (dd, 5=X’, I .4 H/., 1 H). 6.97 (cl, .I=52 HI, IH), 6.90 (m, IH), 3.42 (d, J=O.8 Hz, 1H); t3C NMR (D20) 
a 183.52. l-tl.17, 1X56, 125.12, 12.I.81. ll3.Xh, 113.71,38.10. 
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