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Abstract: The pyrano[4,3-blpyaol-6-ones 7-9.12 and 13 are stable cyclic analogues of pyrrole-2,3-quinodimetharte, and 
undergo Diels-Alder reaction with a range of alkynes to give, after loss of carbon dioxide. indoles. 

In a previous paper,l we have described the preparation of a range of l,Sdihydro- 

pyrano[3,4-blpyrrol-S-ones 1, stable pyrrole-2,3-quinodimethanes, which undergo Diels-Alder reaction 

with acetylenes to give, after loss of carbon dioxide, indoles (Scheme 1). It was therefore of interest to 

investigate the preparation and Diels-Alder reactions of the isomeric pyrano[4,3-blpyrrol-6-ones 2 as an 

extension of this new route to indoles. 
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RESULTS AND DISCUSSION 

Preparation of I,6-Dihydropyrano[4,3-b]pyrrol-6-ones 

The pyranopyrrolone ring system 1 is readily prepared from pyrrole-3-acetic acid derivatives by 

treatment with carboxylic acid anhydrides in the presence of boron trifluoride diethyl ether,1 and therefore the 
most likely precursors to the isomeric pyranopyrrolone 2 would be the corresponding pyrrole-Zacetic acids. 
We have used this simple strategy to prepare both the isomeric fused u-pyrone systems of indole (from 

indole-Z and 3-acetic acids),* of benzothiophene (from benzothiophene-2- and 3-acetic acids),3 and of 

thiophene (from thiophene-2- and 3-acetic acids). 4 However, there is an inherent problem in starting from a 
pytrole-Zacetic acid in that any acylation type reaction is most likely to proceed at the free S-position rather 
than the desired 3position. Thus treatment of pyrrole-Zacetic acid itself with acetic anhydride in the presence 
of boron trifluoride diethyl ether, not surprisingly, did not result in the formation of the desired 

pyranopyrrolone. Similar problems were also encountered in the thiophene series. which were only solved 

when the 5-position was blocked by the introduction of a bromine substituent.4 In the pyrrole series, 
however, we adopted a slightly different approach to the 3-acylation of 2-substituted pyrroles. based on the 

known ability of the pyrrole Vilsmeier complex (at the S-position) to direct acylation to the 3-position.5 3- 

Acyl-5-formyl pyrroles are obtained on aqueous work-up, and subsequent decarbonylation then gives the 

desired 3-acylpyrmles.6 Thus, treatment of ethyl pyrrol-2-ylacetate 3, prepared by acylation of pyrrole with 

ethyl oxalyl chloride7 followed by reduction of the glyoxalate using sodium hypophosphite in the presence of 

palladium-on-carbon,* with the Vilsmeier salt (from oxalyl chloride and dimethylformamide) gave an 
intermediate pyrrole Vilsmeier complex 4 which could be acylated further in the presence of aluminium 
chloride (Scheme 2). Reaction with dichloromethyl methyl ether gave, after aqueous work-up, ethyl 35 
diformylpyrrol-2-yl acetate 5a in 60% yield; acetylation and benzoylation (with the acid chlorides) proceeded 
similarly to give the corresponding acetyl and benzoyl pyrroles Sb and SC in 92 and 40% yield respectively. 
Decarbonylation of the formyl group in pyrroles Sb and SC was readily achieved in high yield by heating in 
mesitylene containing palladium-on-activated carbon for lo-12 h, and gave the corresponding pyrroles 6. 
Decarbonylation of the 3,5diformylpyrrole Sa proved more difficult, since the 3-formyl group was also 
susceptible to decarbonylation; fortunately the S-formyl group was more reactive, and the desired ethyl 3- 
formylpyrrol-Zyl acetate 6a could be obtained in 63% yield if the reaction was stopped after 5 h. 

Hydrolysis of the esters 6 gave the corresponding acids, which on treatment with one equivalent of 
isobutyl chloroformate underwent cyclodehydration to give the pyrano[4,3-blpyrrol-6-ones in good yield. 
Alternatively, treatment of the acids with hvo equivalents of isobutyl chloroformate resulted in the formation 
of the N-substituted pyranopyrrolones 8 (Scheme 2). The isolation of the crystalline pyrano[4,3- 
blpyrrolones 7b and 7c, unsubstituted on nitrogen, is in direct contrast to the isomeric [3,4-b]-series, where 

N-unsubstituted derivatives could not be prepared.1 
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Scheme 2 (a Rt = H; b Rt = Me; c R1 = Ph) 

Reagents: i, (COC1)2, DMF, CICH#JH2Cl; ii, MeNO*, AlCl-+ C12CHOMe (RI = H) or RlCOCl (Rt = Me 

or Ph); iii, W/C, mesitylene, reflux; iv, KOH, H20, MeOH, ‘D-IF, v. ClCO$Bu (1.05 equiv.), Et3N, THF, 

vi, ClCOziBu (2.2 equiv.), Et3N, THF. 

As an alternative to the removal of the 5-formy group by decarbonylation, it can be left in place, and 

the corresponding 2-formyl pyranopyrrolones Yb and 9c can be prepared from the corresponding pyrroles 5 

simply by ester hydrolysis and cyclodehydration (Scheme 2). Likewise a benzoyl group may be introduced 

into the pyrrole-5position and left in place; hence the 2-benzoyl pyranopyrrolones 12 and 13 can be prepared 

by a similar sequence (Scheme 3). Attempts to prepare 2-acetylpyranopyrrolones by a similar mute were 

unsuccessful owing to poor regioselectivity and low overt11 yield in the Friedel Crafts acylation of 3 with 

acetyl chloride. 
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Scheme 3 
Reagents: i, PhCOCl, AlCls, MeNOZ,ClCHZC!H$l; ii, KOH, H20, THF, MeOH, iii, ClCO2iBu (1.05 

equiv.), Et3N, THF, iv, ClCO2iBu (2.2 equiv.), Et3N, THF. 

Dick-Alder Reactions 

On heating with the electron deficient alkyne dimethyl acetylenedicarboxylate @MAD) in boiling 
chlorobenzene, the pyranopyrrolones 7 underwent Diels-Alder reactions to give, after loss of carbon dioxide, 
the indole-5,6-esters 14 (Table 1). Likewise the 1-isobutyloxycarbonyl pyranopyrrolones 8 and the 2- 
substituted derivatives 12 and 13 also reacted readily with DMAD to give the corresponding indoles 14 
(Table 1). 

As expected, the unsymmetrical alkyne ethyl propynoate (EP) was not regioselective in its Diels-Alder 
reactions and gave a mixture of indole- 15 and 6-esters 16 (Table 2). In the case of the pyranopyrmlone 7a 
there was a slight preference for the formation of the indole 6-ester 16a, the NMR spectrum of the mixture 
being assigned by comparison with the published spectra of the known methyl (and ethyl) indole- 

carboxylate.9 Use of the N-acylated pyranopyrrolones 8 did not lead to any increase in regioselectivity, 

although the 2-benzoyl derivative 12 was significantly more mgioselective in its Diels-Alder reaction with EP. 
Greater regioselectivity was observed, however, when ethyl trimethylsilyl propynoate (ETMSP) was used as 
dienophile. A single product, the indole-5-ester lSf, was observed from the reaction with the 
pyranopyrrolone 7b, although the yield was low (Table 2), due to competing decomposition of 7b that 
occurred on prolonged heating. The N-isobutyloxycarbonyl pyrones 8 are mote thermally stable and gave 
good yields of indole-5-esters 15 on heating with ETMSP in a regioselective reaction (Table 2). The structure 
of indole 15h was confirmed by protodesilylation, using aqueous trifluoroacetic acid, to give the 
corresponding 4-methylindole-5-ester. As expected the regioselectivity in the Diels-Alder reactions with 

ETMSP was opposite to that observed with isomeric pyrano[4,3-blpyrrol-5-ones1 
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Table 1. Diels-Alder reactions ofpyrano[4,3-blpyrrol-6-ones with DMAD 

R3 
R2 

Compound RI R2 R3 Product Yields 

7a H H H 14a 82 

7b Me H H 14b 63 

8a H COziBu H 14c 99 

8b Me CO$Bu H 14d 88 

9b Me H CHO 14e 4W 

9c Ph H CHO 14f 52a 

12 Ph H COPh 14g 51 

13 Ph COjBu COPh 14h 88 

DMAD. PhCI. 

reflux 

a overall yield from carboxylic acid (obtained on hydrolysis of 5). 

Table 2. Diels-Alder reactions of pyrano[4,3-blpyrrold-ones with EP and ETMSP 
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Yield (%) 

51 

79 

81 

75 

67 

11 

90 
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The pyrano[4,3-b]pyrrol-6-ones also reacted with the acetylene equivalent, phenyl vinyl sulfoxide, to give 

5,6-unsubstituted indoles 17 in varying yield (Table 3) 

Table 3. Dieis-Alder reactions of pymno[4,3-blpyrrolones with phenyl vinyl @oxide 
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Jh 0 
I 

0 N I33 
I32 
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H 

CO$BU 

COjBu 

H 

CO$Bu 

&SOPh 

PhCI, reflux 

R3 

H 
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Product Yield (%) 

17a 32 

17b 85 

17c 91 

17d 20 

17e 64 

R’ 

ch I I 
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17 

One reaction with benzyne, generated from 2-(3,3-dimethyltriazen-1-yl)benzoic acid, was carried out, 

Thus the pyranopyrrolone 8b gave the benzv]indole 18 in 84% yield. 

Me Me 

benzyne 

0 
COpBlJ’ 

8b 

C02Bu’ 

18 

Hydrolysis of the isobutyl carbamate 

Isobutyl carbamates are usually readily hydrolysed using a mixture of aqueous ammonia and 

pyridine.10 Deprotection of the indoles-l-carboxylates 17b and 17c using this method gave the known 4- 

methylindole 17a1t and 4-phenylindole 1912 respectively in good yield. Similarly the indole-l-esters 18 and 

15h were readily deprotected to give the corresponding indoles 20 and 15f. 
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OJ ;I I 
N 
CO*Bu’ 

17b R = Me 
17c R = Ph 

NH3 (aq), Pyridine 

178 R = Me (78%) 
19 R = Ph (78%) 

Me 

NH3 (aq), Pyridine 

C02Bui H 

18 20 (68%) 

Me 

NH3 (aq), Pyridine 

Me 

CO2Bu’ H 

15h 151 (81%) 

Conclusion 

The Diels-Alder reactions of the pyrano[4,3-blpyrrol-6-ones with alkynes complement those of the 

[3,4-blisomers, and extend this cycloaddition route to indoles. A variety of 4-substituted, and 4,5,6- 

trisubstituted indoles can be readily prepared, and the incorporation of an additional substituent in the pyrrole 

ring leads to the formation of 2-substituted indoles. 

EXPERIMENTAL 

Commercially available solvents and reagents were used throughout without further puritication, except for those detailed 

below which were purified as described. ‘Light petroleum refers to the fraction of petroleum ether boiling between 4o’C and 

WC, and was distilled through a 36 cm Vigreux column bcforc use. ‘Ether’ refers to diethyl ether, this, togetha with benzene 

and toluene, was dried where necessary by standing over sodium wire for several days. THF was distilled from potassium 

benzophenone ketyl under nitrogen prior to use. Dichloromethane was dried where necessary by distillation from phosphorus 

pentoxide. DMSO and DMF were stirred for 15 h over barium oxide, decanted, and distilled under reduced pressure before storing 

over activated 4A molecular sieves, under nitrogen. F’yridine and triethylamine were each distilled from, and stored over, 

potassium hydroxide pellets. 
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Analytical thin layer chromatography was carried out on Merck Kieselgel 60 GF254 aluminium-backed plates. 

Visualisation was achieved using UV light at 254 and 360 nm. iodine, and, in the case of indoles, by lightly spraying the plate 

with Ehrlich’s reagent followed by gentle heating to produce a usually blue-purple colour. Ehrlich’s reagent was prepared by 

adding 1 g of p(dimethylamino)benzaldehyde to 100 ml of a 25% solution of concentrated hydrochloric acid in absolute ethanol. 

‘Column chromatography’ refers to the flash method and was performed on Merck Kieselgel60 H or Sorsil C60, using medium 

pressure provided by means of hand-bellows. The sample mixture was applied to the top of the column as a solution in a small 

amount of the column eluant, or by preadsorption onto silica. 

I&a-red speCm @max.) were recorded on a Nicolet 205 Fourier transform infra-red spectrometer, the samples being 

analysed as thin films, KBr discs, Nujol mulls, or in solution, as indicated. Ultra-violet’visible spectra (&ax) were obtained 

using a Shimadzu W-160 scanning spectrophotometer, the samples being dissolved in spectroscopic grade methanol. Fourier 

transform proton nuclear magnetic resonance spectra (8H) were mcorded on a Bruker ACF 250 (250 MHz) spectrometer. Chemical 

shifts are reported in parts per million downfield of tetramethylsilane by referencing to the residual protons of the respective 

solvents. Coupling constants Q in Hertz are included where possible. 13C-Spectra (SC) were recorded on the Bruker ACF 250 

(62.9 MHz) instrument, and referenced to the solvent. Electron impact (EI) ionisation mass spectra (m/z) were recorded at 70eV 

on a Kratos MS80 instrument; Cl and FAB spectra were recorded at the S.E.R.C. Service at Swansea. Results are obtained under 

El unless otherwise stated. 

Preparation of Pyrano[4,3-blpyrrol-6(m-ones 

Ethyl 3,5-Djcormylpyrrol-2-ylacetate (Sa) 

A solution of dimethylformamide (0.73 ml, 9.42 mmol) in l,2-dichloroethane (15 ml) was cooled in an icesalt bath. A solution 

of oxalyl chloride (0.58 ml, 6.67 mmol) in 1,2-dichlomethane (5 ml) was added dropwise. The mixture was allowed to warm to 

room temperature and stirred for 15 min. The mixture was cooled in ice and a solution of ethyl pyrrol-2-ylacetate (3) (941 mg, 

6.14 mmol) in 1,2-dichloroethane (5 ml) added dropwise. The mixture was allowed to warm to room temperature, stirred for 15 

min. and then retooled in ice. Aluminium chloride (3.64 g, 27.27 mmol) was added and the mixture warmed to room temperature 

over 10 min. Nitrometbane (1.10 ml. 20.4 mmol) was added, the mixture cooled in ice, and dichloromethyl methyl ether (0.83 

ml, 9.22 mmol) added rapidly. The mixture was stirred for 4 h at room temperature, poured into ice-water. and stirred for 5 h. 

The mixture was extracted with dichloromethane. The combined extracts were washed with brine, dried (MgSO4). and evaporated 

The residue was chromatographed [ether-light petroleum (4: I)] to give the title compound (5a) (771 mg, 60%). m.p. 74-76OC, 

(Found: C, 57.2; H, 5.3; N, 6.7. C~OHIINO~ requires C, 57.4; H, 5.3; N, 6.7%); v maxJNujol) 3212. 1728, 1646 and 1208 

cm-l; 8H (250 MHz; CDCl3) 10.93 (1 H, br, NH), 9.91 (1 H, s, CHO), 9.56 (1 H. s, CHO), 7.34 (1 H. d, J 2.5 Hz, 4-H). 4.22 

(2 H, q. J 7.1 Hz, ester CH2), 4.16 (2 H, s, CH2CO2Et) and 1.31 (3 H, t, J 7.1 Hz, ester CH3); m/z 209 (M+. 24%). 181 

(4), 163 (49) and 136 (100). 

Ethyl 3-Formylpyrrol-2-ylacetate (6a) 

A mixture of the dialdehyde (Sa) (1.04 g. 4.97 mmol) and palladium on activated carbon (lo%, 90 mg) in mesitylene (20 ml) was 

refluxed for 5 h under niuogen. The mixture was allowed to cool to room temperature, diluted with dichloromethane, and fdtercd 

through Celite. The solvent was evaporated and the residue chromatographed [ether-light petroleum (3:1)] to give the title 

compound (6a) (563 mg, 63%) as a yellow oil, (Found: A4 +, 181.0739. C9HllN03 requires M, 181.0739); vmax.(film) 

3312 (br), 1730 and 1658 cm-l: 6H (250 MHz; CDC13) 9.87 (1 H. s, CHO). 9.85 (1 H, br, NH), 6.74 (1 H, dd,J 3.0, 2.5 Hz). 

6.60 (1 H, t, J 2.9 Hz), 4.22 (2 H, q,J 7.1 Hz, ester CH2). 4.10 (2 H, s, CH2CO2Et) and 1.30 (3 H, t, J 7.1 Hz. ester CH3); 

m/z 181 (M+, 27%). 135 (45). 108 (100) and 80 (20). 

3-Formylpyrrol-2-ylacetic acid 

Potassium hydroxide solution (2 M, 15 ml) was added dropwise to a solution of ethyl 3-formylpyrrol-2-ylacetate (68) (321 mg, 

1.77 mmol) in tetrahydrofuran (9 ml) and methanol (1 ml) at 0°C. The mixture was allowed to warm to room temperature and 

stirred for 2 h. Water was added, the mixture extracted with ether, and this extract discarded. The aqueous phase was acidified with 

dilute hydrochloric acid, saturated with sodium chloride, and extracted with ethyl acetate. The combined extracts were dried 
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(l HB m)V 6.54 (1 H. t, J 2.9 Hz), 4.21 (2 H. 9. .I 7.1 Hz, ester CH2). 4.16 (2 H. s, CH2CO2Et), 2.42 (3 H, s, CH3CO) and 

1.30 (3 H, t,J 7.1 Hz, ester CH3); m/z 195 (M+, 34%). 149 (58) and 122 (100). 

3-Acelylpyrrol-2-ykzcedc acti 

Potassium hydroxide solution (2 M, 15 ml) was added dropwise to a solution of ethyl 3-acetylpyrrol-Zylacetate (6h) (503 mg, 

2.58 mmol) in tetrahydrofuran (18 ml) and methanol (2 ml) at 0°C. ‘lhe mixture was allowed to warm to room temperaaue and 

stirred for 4 h. Water was added, the mixture extracted with ethyl acetate, and this extract discarded. The aqueous phase was 

acidified with dilute hydrochloric acid, saturated with sodium chloride, and extracted with ethyl acetate. The combined exmts 

were dried (MgSO4). the solvent evaporated, and the residue recrystallised (ethyl acetate-light petroleum) to give the title 

compound (380 mg, 88%). m.p. 175-18O“C (decomp.), (Found: C, 57.4; H, 5.4; N, 8.25. C8H9N03 requires C, 57.5; H, 5.4; 

N, 8.4%); vmax .(Nujot) 3344. 1706 and 1632 Cm-t; 6H [250 MHz: Cwt3+(CD3)2SO] 10.93 (1 H, br. NH), 6.65 (1 H. m), 

6.52 (1 H, 1, J 2.6 Hz), 4.00 (2 H, s, CH2CO2H) and 2.44 (3 H, s, CH3CO): m/z 167 (M+, 27%). 149 (23). 123 (72) and 

108 (loo). 

4-Methyrpyrono[4.3-bIpyrroldo_one (7b) 

A mixture of 3-acetylpyrml-2-ylacetic acid (570 mg, 3.41 mmol) and triethylamine (1.43 ml, 10.23 mmol) in dry tetrahydrofumn 

(60 ml) was stirred at 0°C. lsobutyl chloroformate (489 mg, 3.58 mmol) in dry tetrahydrofitran (10 ml) was added dropwise. Tbe 

mixture was stirred at room temperature for 5 h, poured into brine, and extracted with ethyl acetate. The combined extracts were 

dried (MgSO4) and evaporated. The residue was chromatographed [ether-methanol (9: I)] to give the title compound (7b) (433 

mg, 85%). m.p. 130°C (decomp.), (Found: M +, 149.0485. CgH7N02 requires M, 149.0477); v,,,.(Nujol) 3104, 1698, 

1662, 1632, 1610, 1584 and 1534 cm-l; 6H (250 MHz; CDC13) 9.52 (1 H, br, NH), 6.119 (1 H. dd, J 3.7, 2.0 Hz, 2-H), 6.15 (1 

H. dd, J 3.4, 1.6 Hz, 3-H). 5.74 (1 H. s, 7-H) and 2.52 (3 H, s, 4-Me); m/z 149 (M+, 100%). 134 (51) and 121 (37). 

Isobu~yl4-Methyl-6-oxopyrano[4,3-blpyrrole-l-carboxylate (8b) 

A mixture of 3-acetylpyrrol-2-ylacetic acid (606 mg, 3.63 mmoi) and triethylamine (2.02 ml, 14.50 mmol) in dry tetrahydrofuran 

(60 ml) was stirred at 0°C. Isobutyl chloroformate (1.03 ml, 7.98 mmol) in dry tewhydrofuran (10 ml) was added dropwise. The 

mixture was allowed to warm to room lemperature, stirred overnight, poured into brine, and extracted with ethyl acetate. ‘fbe 

combined extracts were dried (MgS04) and evaporated. The residue was chromatographed (ether) to give the rirle compolrnd (8b) 

(779 mg, 86%), m.p. 109-l 10°C, (Found: C, 62.6; H, 6.0; N, 5.5. Cl3Hl5N04 requires C, 62.6; H, 6.1; N, 5.6%); 

vmax.(Nujoi) 1734, 1702, 1658 and 1584 cm-l; 6H (250 MHz; CDC13) 7.22 (1 H, d, J 4.1 Hz, 2-H). 6.59 (1 H. brs, 7-H), 

6.22 (1 H, dd, J 4.2.0.8 HZ, 3-H). 4.18 (2 H, d. J 6.7 Hz, isobutyl CH2). 2.46 (3 H, s. 4-Me), 2.11 (1 H, m, isobutyl CH) 

and 1.03 (6 H, d, J 6.7 Hz, isobutyl CH3); m/z 249 (M+, 24%) 149 (36), 121 (21). 57 (lOO), 41 (71) and 29 (69). 

Ethyl 3-Benzoyl-5_fonnylpyrrol-2-ylacetate (SC) 

A solution of dimethylformamide (1.66 ml, 21.45 mmol) in 1.2-dichloroethane (20 ml) was cooled in an ice-salt bath. A 

solution of oxalyl chloride (1.37 ml, 15.7 mmol) in 1,Zdichlorcethane (20 ml) was added dropwise. The mixture was allowed to 

warm to room temperature and stirred for 15 min. The mixture was cooled in ice and a solution of ethyl pyrrol-2-ylacetate (3) 

(2.19 g, 14.30 mmol) in 1,2-dichloroethane (20 ml) added dropwise. The mixture was allowed to warm to room temperature, 

stirred for 15 min. and then retooled in ice. Aluminium chloride (8.47 g, 63.48 mmol) was added and the mixture warmed to 

room temperature over 10 min. Nitromethane (2.57 ml. 47.5 mmol) was added, the mixture cooled in ice, and benzoyl chloride 

(2.49 ml, 21.45 mmol) added rapidly. The mixture was stirred for 6 h at room temperature, poured into ice-water (200 ml), and 

stirred overnight. The mixture was extracted with dichloromethane. The combined extracts were washed with brine, dried 

(MgS04). and evaporated. The resulting oil was chromatographed [ether-light petroleum (4:1)] to give the title compound (SC) 

(1.64 g, 40%), m.p. 112-113°C. (Found: C, 67.3; H, 5.2; N, 4.85. Ct6Hl5NO4 requires C, 67.4; H, 5.3; N, 4.9%); 

v,,,.(Nujol) 3228, 1730. 1644 and 1630 cm- ‘; 6H (250 MHz; CDC13) 10.87 (1 H, br, NH), 9.52 (1 H, s, CHO), 7.80 (2 H, d, 

J 8 Hz), 7.61-7.46 (3 H. m), 7.17 (1 H, d, J 2.5 Hz, 4-H). 4.26 (2 H. q, J 7.1 Hz, ester CH2). 4.25 (2 H, s, Cff2C02Et) and 

1.31 (3 H, 1, J 7.1 Hz, ester CH3); m/z 285 (IV+, 57%), 239 (94). 211 (lOO), 183 (48) and 77 (46). 
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A mixture of e~yl-3-benzoyl-S-formytpyrrol-2-ylac+u (Se) (1.06 g. 3.72 mmol) and palladium on activated carbnn (5%. 110 

mg) in mesitylene (15 ml) was refluxed for 12 h under nitrogen. The mixture was allowed to cool to room tanpuature, diluted 

with dichloromethane, and filtered through Celia. The solvent was evaporated and the residue chrometographed [ether-light 

petroleum @I)1 to give the ride compound (SC) (860 mg, 90%), m.p. 84-85X (Found: C. 70.0; II. 5.9; N, 5.4. CI5Hl5N03 

requires C, 70.0; H, 59; N. 5.45%); vmax.(Nujol) 3208,173s. I598 and 1560 cm-l: 6H (250 MHz; CIXJ3) 9.9 (1 II, br, NH), 

7.81 (2 H, d, J 8 Hz), 7.52-7.41 (3 H, m), 6.70 (1 H, t, J 2.7 Hz), 6.44 (1 H. t, J 2.8 Hz), 4.24 (2 H, 9, J 7.1 HZ, ester 

CH2). 4.22 (2 H, s, CH2C02Et) and 1.31 (3 H, t, J 7.1 Hz, ester CH3): m/z 257 (M +, 60%). 211 (85). 184 (93). 183 (100) 

and 77 (41). 

3-Benzoylpyrrol-2-ylacetic acid 

Potassium hydroxide solution (2 M, 12 ml) was added dropwise to a solution of ethyl 3-benzoylpyrrol-2-ylacetate (tic) (612 mg, 

2.38 mmol) in tetrahydrofumn (18 ml) and methanol (2 ml) at OOC. The mixture was allowed to warm to rocm temperatum and 

stirred for 4 h. Water was added. the mixture extracted with ether, and dris extract discarded. The aqueous phase was acidified with 

dilute hydrochloric acid and extracted with ethyl acetate. The combined extracts were dried (MgS04). the solvent evapcratal, and 

rhe residue recrystallised (ether-light petroleum) to give the rifle compound (513 mg, 94%). m.p, 151-152’C (decomp.), (Found 

M+, 229.0739. Cl3HllN03 requires M, 229.0739.); v max.(Nujol) 3269, 1768 and 1594 cm-l; 8H [250 MHz; CDCl3 + 

(CD3)2SO] 11.04 (1 H, br, NH), 7.68 (2 H, d, J 8 Hz), 7.43-7.27 (3 H, m), 6.53 (1 H. t, J 2.7 Hz), 6.24 (1 H, t, J 2.7 Hz) 

and 3.85 (2 H, s, Uf2C02H); m/z 229 (M+, 5%). 211 (9). 184 (100). 108 (91) and 77 (30). 

Isobutyl6-Oxo-4-phenylpyrano[4,3-b]pyrrole-l-carboxylate (Se) 

A mixture of 3-benzoylpyrrol-2-ylacetic acid (411 mg, 1.79 mmol) and triethylamine (1.00 ml, 7.17 mmol) in dry teuahydrofiuan 

(40 ml) was stirred at 0°C under nitrogen. lsobutyl chloroformate (539 mg, 3.94 mmol) in dry teuahydrofuran (10 ml) was added 

dropwise. The mixture was allowed to warm to rcom temperature, stirred overnight, poured into brine, and extracted with ethyl 

acetate. The combined extracts were dried (MgS04) and evaporated. The residue was chromatographed [ether-light petroleum 

(3:1)] to give the ride compound (SC) (512 mg, 92%). m.p. 109-l 10°C, (Found: C, 69.3; H. 5.3; N, 4.4. Cl8Hl7NC4 requires 

C, 69.4; H, 5.5; N, 4.5%); vmax. (Nujol) 1748, 1700, 1638 and 1558 cm-l; 8H (250 MHz; CDC13) 7.85 (2 H, m). 7.56-7.50 

(3 H, m), 7.35 (1 H, d, J 4.2 Hz, 2-H). 6.79 (1 H, brs, 7-H). 6.59 (1 H, d, J 4.2 Hz. 3-H). 4.21 (2 H, d, J 6.7 Hz, isobutyl 

CH2), 2.13 (1 H. m, isobutyl CH) and 1.04 (6 H, d, J 6.7 Hz, isobutyl CH3); m/x 311 (M+, 13%). 255 (17). 211 (15). 77 

(46). 57 (78) and 41 (100). 

3-Acetyl-Sformylpyrrol-2-ylacelic acid 

A solution of ethyl 3-acetyl-5-formylpyrrol-2-ylacetatc (Sb) (3.5 g, 15.7 mmol) in a mixture of THF (227 ml) and methanol (26 

ml) was treated with aqueous porassium hydroxide (2 M; 92 ml) and stirred at rcom temperature overnight After this period the 

reaction mixture was diluted with water and extracted with ethyl acetate (x 3). The aqueous phase was then acidified with 

hydrochloric acid, saturated with sodium chloride, extracted with ethyl acetate (x 3) and concentrated in vacua to give dre ride 

compound as a yellow-brown solid (2.6 g, 88%) which was not purified further, m.p. 194-l%OC (decomp.), (Found: MH+, 

196.0610. C9HloN04 requires MH, 196.0610); vmax. (KBr) 1725 and 1646 cm-l: 8H [250 MHz; CDC13 + (CD3)ZSO] 11.86 

(1 H. br s. C02H). 9.41 (1 H, s, C/10), 7.17 (1 H, d, J 2.35 Hz, pyrrole CH), 3.98 (2 H, s, CH2C02H) and 2.35 (3 H, s, 

MeCO); 6C (62.9 MHz; CDC13) 32.6, 37.8, 126.8, 127.9, 135.7, 143.2, 175.9, 183.9. 199.0; m/r (CI) 1% (MH+, 70%). 

178 (28). 152 (100) and 136 (20). 

2-Formyl-4-methylpyrano[43-b]pyrrol-6(lH)-one (9b) 

A solution of 3-acetyl-S-formylpyrrol-2-yl acetic acid (133 mg, 0.68 mmol) in THF (3.0 ml) was treated with acetic anhydride 

(3.0 ml) and stirred at room temperature for 2 h. After this period TLC analysis of the reaction mixture shows the presence of the 

desired fluorescent yellow a-pyrone together with base line material and some non-polar impurities. Attempts to purify this 

material by chromatography on silica gel or by recrystallisation proved unsuccessful. It was therefore used crude in subsequent 

DieBAlder reactions and the purified yield for its formation was not calculated. Crude yield: I62 mg. 
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3-Benroyl-sjfonnylacetic acid 

Ethyl 3-benzoyl-S-formylpynol-2-ylacetate (Sc) was hydrolysed as above to give the title compound (100% yield on 0.74 mmol 

scale), m.p. 195-197“C (decomp.), (Found: MI+, 258.0766. Ct4H12N04 requires MH, 258.0766); vmax_ (KBr) 1700,1666 

and 1638 cm-l. , $.I J250 MHz; CDC13 + (CD3)2SOl 12.13 (1 H, br s, CO2!f), 9.33 (1 H, s, CWO). 7.64 (2 H, m, ArH), 7.35 

(3 H. m, ArH). 6.98, (1 H, s, pyrrole CH) and 3.94 (2 H. s, CH2C02H); SC (62.9 MHz; CDC13) 33.2, 122.1. 123.6. 128.2, 

128.9, 131.1. 131.8, 138.3, 140.0, 171.1, 179.3 and 191.3 (2 carbons unobserved); m/z 258 (AfH+, 55%). 240 (42), 214 

(100). 183 (36). 154 (18), 136 (70). 105 (25). 77(20) and 51 (12). 

2-Fonnyi4-phenylpymno[4,3-b~pyrrol-6(lH)-one (9~) 

A solution of 3-benzoyl-5-formylpyrrol-2-yl acetic acid was treated with acetic anhydride (3.0 ml) to give the a-pyrone (9~) 

(100% crude yield) which was not purified further. 

Et@1 5-Benwylpyrrol-2-ylacetate (10) 

A Bamedried flask was charged with anhydrous aluminium chloride (7.7 g. 57.5 mmol. 4.4 eq), l&dichloroethane (20 ml), 

nitromethane (2.3 ml. 43.1 mmol, 3.3 eq) and benzoyl chloride (0.83 ml, 7.18 mmol, 1.5 eq) at 0°C. Ethyl pyrrol-Zylaceuue (3) 

(2.0 g, 13.1 mmol. 1.0 eq) was dissolved in a minimum of 1,2dichloroethane (appmx. 15 ml) and cannulated onto the 

PhCOCl*AlCl3 addition complex at WC. The ice bath was removed after 10 min. and the reaction mixture &red at room 

temperature for 2 h and then poured into a mixture of ice and dilute hydrochloric acid. Extraction (chloroform x 3). washing, 

(water, 3 dimethylaminopmpylamine, dilute hydrochloric acid, saturated brine), drying (MgS04) and concentration in vacao 

yielded a brown solid. The crude product could be purified by precipitation from ether to give the title compound (10) as a beige 

solid (1.07 g. 32%). m.p. 158-159T, (Found: C, 69.7; H, 5.8; N, 5.45. C15H15N03 requires C. 70.0; H. 5.9; N, 5.4%); 

(Pound: M+ 257.105. Ct5Hl5N03 requires M, 257.105) vmax (KBr) 1742 and 1731 cm-l; S, (250 MHz: CDC13) 10.38 

(1 H, br s. NH), 7.88 (2 H, m, ArH). 7.5 (3 H, m. ArH), 6.82 (1 H. dd, J 2.6, 3.7 Hz, pyrrole 4-H). 6.19 (1 H, t, J 3.2 Hz, 

pyrmle 3-H). 4.2 (2 H, 4. J 7.1 HZ, CO2CH2CH3). 3.78 (2 H, S, CH2CO2Et) and 1.28 (3 H, t, J 7 HZ, CO2CH2CH3); SC 

(62.9 MHz; CDC13) 14.1. 33.6, 61.4, 110.75, 120.4, 128.3, 128.4, 128.6, 129.0, 131.0. 131.7, 132.5, 138.5, 169.7 and 184.2; 

m/r 257 (M+, 40%). 184 (100). 106 (32) and 77 (31). 

Ethyl 3.5Dibenzoylpytrol-2-ylacetate (11) 

The method used was as for (10) but after the ice bath was removed, the reaction mixture was heated to retlux until TJ_.C showed 

that no starting material remained (approx. 3 h). The work up and purification procedure is the same as for (10). A small sample 

was purified by flash chromatography for analytical purposes. On a 6 mmol scale the title compound (11) was obtained as a 

beige solid (91% crude yield; 78% after crystallisation from ether), m.p. 172-173°C. (Pound: C. 72.7: H. 5.3; N. 3.8. 

C22Hl9NO4 remtires C, 73.1; H, 5.3; N, 3.9%): (Pound M+, 361.1314. C22Hl9N04 re+hes M, 361.1314); vmax. (KBr) 

1747, 1641 and 1611 cm-‘. , S, (250 MHz; CDCl3) 11.82 (lH, br s, NH), 7.84 (4 H. m, ArH), 7.52 (6 H. m, ArH), 7.06 (1 H. 

S, pyrrole CH), 4.27 (2 H, S, CH2CO2Et). 4.24 (2 H, 4. .I 7.2 HZ, CO2CH2CH3) and 1.30 (3 H, t, J 7.2 HZ. 

CO2CH2CH3); 8C (62.9 MHZ; CDC13) 14.0, 32.85, 61.3, 122.2, 122.5, 128.2, 128.3, 128.4, 128.9, 129.0, 129.2, 131.8. 

132.3. 137.5, 138.5, 139.2, 169.7, 185.1 and 190.2 (3 carbons unobserved); m/z 361 (IV+, 20%). 315 (28). 287 (22). 105 

(100). 77 (61) and 51 (20). 

35Dibenzoylpyrrol-2-ylacetic acid 

Ethyl 3,5-dibenzoylpyrml-2-ylacetate (11) was hydrolyscd as above to give the title compound (73% yield on 3.7 mmol scale), 

m.p. 194.5-195.5”C. (Pound: C, 71.6, H, 4.6; N, 4.2. C20H15N04 requires C, 72.1; H, 4.5; N. 4.2%); (Pound: MH+* 

334.1079. C2BH15N04 requires MH 334.1081); vmax. (KBr) 1698. 1636 and 1607 cm-l; 6H [250 MHz: CDC13 + 

(CD3)2SO] 11.95 (1 H, br s. C02H), 7.69 (4 H, m, ArH), 7.35 (6 H, m, ArH), 6.87 (1 H, d. J 2.4 Hz, pyrrole CH) and 4.04 

(2 H, s, CH2C02H); gc (62.9 MHz, CDCl,) 33.2. 121.9, 122.1, 128.2, 128.3, 128.4. 128.8, 129.1. 129.4. 131.9, 132.0. 

138.0, 139.16, 139.2, 171.5, 185.0 and 192.1 (3 carbons unobserved): m/r (CI) 334 (MH+, 10%). 290 (100) and 105 (10). 
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2-Benzoyl-4-phenylpyrano~43-blpyrrol-6flH)-one (12) 

3,5-Dibe~~~ylpyrr01-2-yk1~&c acid (0.7 g. 2.1 mmol) was treated with isobutyl chloroformate (1 equiv.) as above to give the a- 

pyrone (12) (561 mg. 85%) after flash chromatography on silica gel, eluting with ethyl acetate:light petmleum(l:l). m.p. 104- 

10S°C, @OIllId: M+. 315.0895. C2OHlgNO3 rcquims M. 315.0895); vmax. (KBr) 1686 and 1693 cm-‘; SH (250 MHz; 

CDC13) 10.99 (1 H, br s. NH), 7.74 (4 H. m. ArH), 7.39 (6 H, m, ArH), 6.83 (1 H, s, 7-H) and 5.72 (1 H, d. J 0.85 Hz, 3- 

H); m/r 315 (M+, 80%). 105 (85) and 77 (1CQ. 

Isobulyl2~~oyr-6-oxo-4~~nyl~ra~~4pheny%vranole-~-c~~~lale (13) 

3,5-DibenmylpyrroC2-yketic acid (125 mg, 0.38 mmol) was treated with isobutyl chlomformate (2 equiv.) as above to give the 

title compound (13) (71 mg, 46%). m.p. 160-164°C, (decomp.). (pound: MH+ 416.1498. C25H22N05 requires MH 

416.1498); vmax . (KBr) 1752 and 1673 cm-l;8H(250 MHz;CDCl3)7.95(2H, m.ArH). 7.85(2H,m,ArH),7.64 (lH,m, 

ArH). 7.52 (5 H. m, ArH), 6.9 (1 H, d, J 0.8 Hz, 7-H), 6.8 (1 H, d, J 0.8 HZ, 3-H), 3.99 (2 H, d, J 6.7 Hz, C02CH2). 1.82 

(1 H, tq. J 6.7 Hz, CHMe2) and 0.82 (6 H, d. J 6.7 Hz, CHMe2); 8C (62.9 MHz; CDCl,) 18.8 (ZC), 27.5, 74.65, 92.6, 

111.9, 112.8, 124.7, 127.9, 128.7, 128.9, 129.0, 129.2, 129.4, 129.6, 131.3, 131.6. 134.1, 136.1, 140.8, 149.8, 151.9, 

156.65, 162.8 and 185.8: m/r (CI) 416 (MH+. 52%). 180 (100). 174 (loO), 163 (72). 134 (33). 118 (21), 102 (24) and 58 (18). 

Diels-Alder Reactions of Pyrano[4,3-b]pyrroL6(lIf)-ones 

1. Dimethyl acetylenedicarboxylate 

With pyrano[4,3-blpyrrol6(lH)-one (7a) 

A mixture of the pyranopyrrolone (la) (36 mg, 0.27 mmol) and dimethyl acetylenedicarboxylate (76 mg, 0.53 mmol) in 

chlombenzene (10 ml) was refluxcd under nitrogen for 1.5 h. The solvent was evaporated and the residue chromatographed [ether- 

light petroleum (3:l)I to give dimethyl indole-5,6-dicarboxylate (14~1) (51 mg, 82%). m.p. 82-86°C. (Found: C, 61.6; H, 4.7; 

N, 5.9. Ct2HllN04 requires C, 61.8; H, 4.75; N, 6.0%); v max.(Nujol) 3352, 1712, 1328 and 1254 cm-l; 8H (250 MHz; 

CDC13) 8.79 (1 H, br, NH), 8.06 (1 H, s), 7.77 (1 H, s), 7.37 (1 H, t, J 2.8 Hz, 2-H). 6.64 (1 H, m, 3-H) and 3.91 (6 H, s, 

CO2Me); m/z 233 (IV+. 36%) and 202 (100). 

With 4-methylpyrano[4,3-blpyrrol-6(1 H)-one (7b) 

A mixture of the pyranopyrrolone (7b) (49 mg. 0.33 mmol) and dimethyl acetylenedicarboxytate (93 mg, 0.&j mmol) in 
chlombenzene (5 ml) was refluxed under niuogen for 4 h. The solvent was evaporated and the residue chromaugn@ed [ether-tight 

petroleum (3:1)1 to give dimefhyl4-methylindole-5,6-dicarboxylate (14b) (51 mg, 63%), m.p. 156161°C. (Found: C, 63.1; 

H. 5.3; N. 5.65. Ct3Hl3N04 requires C, 63.15; H. 5.3; N, 5.7%); vmax (Nujol) 3388 and 1706 cm-l; aH (250 MHz; CDCl3) 

8.65 (1 H. br. NH), 7.95 (1 H, S, 7-H), 7.38 (1 H, t, J 2.9 Hz, 2-H). 6.63 (1 H, m, 3-H). 3.96 (3 H, s, CO2Me), 3.89 (3 H, s, 

C02Me) and 2.54 (3 H, s, 4-Me); m/z 247 (M+, 48%). 216 (IOO), 215 (94). 157 (70) and 129 (34). 

With isoburyl6-oxopyrano[4,3-blpyrrole-I-carboxylare (Sa) 

A mixture of the pyranopyrrolone (8a) (65 mg. 0.28 mmol) and dimethyl acetylenedicarboxylate (78 mg, 0.53 mmol) in 

chlorobenzene (10 ml) was refluxed for 2 h. The solvent was evaporated and the residue chmmatogmphed [ether-light petroleum 

(2:l)l to give I-isoburyl 5,6-dimethylindole-l,56-rricarboxylate (14c) (91 mg, 99%) as a colourless oil, (Found: C, 61.2; H, 

5.7: N, 4.1. C17Hl9N06 requires C, 61.3; H, 5.75; N, 4.2%); v ,,.(film) 1726 cm-t; 8H (250 MHz; CDC13) 8.68 (1 H, brs, 

7-H), 7.96 (1 H, S. 4-H), 7.79 (1 H. d, J 3.7 Hz, 2-H). 6.69 (1 H, d, J 3.7 Hz, 3-H). 4.27 (2 H, d, isobutyl CH2), 3.93 (6 H, s, 

C02Me). 2.17 (1 H, m, J 6.6 Hz, isobutyl CH) and 1.08 (6 H, d, J 6.7 Hz. isobutyl CH3); m/r 333 (M+, 54%). 302 (32). 

246 (25). 233 (19), 201 (85). 57 (100) and 41 (25). 
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With i.wbu~l4-methyl-iSoxopyranof4,3-blpyrrole-l-carboxylate (8b) 

A mixlure of the Pyranopyrmtone (8b) (40 mg, 0.16 mmol) and dimethyl acetylenedicarboxylate (46 mg, 0.32 mmol) in 

chlombenxene (5 ml) was refhtxed for 18 h. The solvent was evaporated and the residue chmmatogmphed [uher_light patmletun 

@I)1 to give l-isobutyl5,6-dimethyl4-methylindole-l,5,6-tricarboqlate (lid) (49 mg, 88%) as a colourless oil, (Eound: C, 

62.2; H, 6.3; N. 3.8. Cl8H2lNO6 requires C, 62.2; H, 6.1; N. 4.0%); v max.(film) 1734. 1424. 1352 and 1292 cm-l; S, (250 

MHz CDc13) 8.73 (1 H, brs. 7-H), 7.81 (1 H, d, J 3.8 Hz, 2-H). 6.71 (1 H, dd, J 3.7, 0.7 Hz, 3-H), 4.27 (2 H. d. .I 6.5 Hz. 

isObW1 CHZ), 3.97 (3 H, s, CO2Me). 3.91 (3 H, s, CO2Me). 2.51 (3 H, s, 4Me), 2.18 (1 H, m, isobutyl CT-l) and 1.09 (6 H, 

d, J 6.7 Hz, isobutyl CH3); in/z 347 (M+. 28%). 315 (64). 259 (17). 215 (So), 57 (100). 41 (63) and 29 (68). 

With 2-fonnyr-4-Ruthylp~~[4,3-b]pyrrol-ql~~ne (9b) 

3-Acetyl-5-formylpyrrol-2.ylacetic acid (200 mg, 1.05 mmol) was converted into the pyranopyrrolone (9b). which without 

puritication was heated under reflux with dimetbyl acetylencdicarboxylate (0.25 ml. 2.05 mmol) in chlorobenxene for 7 h to give, 

after chromatography (45% ethyl acetate in light petroleum), dimethyl 2-formyL4-methylindle-5.6~dicarboxylate (14e) (114 

mg, 40% over 2 steps), m.p. 195-197°C. (pound: M+ 275.0794. C14H13N05 requires M, 275.0794); vmax (KBr) 1725 and 

1662 cm-l; 6H (250 MHz; CDC13) 10.03 (1 H, br s, NH), 9.90 (1 H, s, CHO), 7.99 (1 H, s, 7-H). 7.34 (1 H, dd. J 0.9.2.0 

Hz, 3-H). 3.96 (3 H, s, C02Me), 3.91 (3 H, s, C02Me) and 2.57 (3 H. s, ArMe); 8c (62.9 MHz: CJXY13) 15.9. 52.5 (C), 

112.9, 113.6, 126.6, 126.9, 130.1, 131.2, 136.7, 138.3, 166.8, 170.2 and 182.2; m/r 275 (M+, 30%). 243 (84). 185 (109), 

157 (48) and 77(20). 

With 2_formyl4-phenylpyrwwenylpyrrol-6(1H)-one (Se) 

3-Benzoyl-5-formylpyrrol-2-ylacetic acid was converted into the pyranopyrrolone (9~). which witbout purification was heated 

under reflux with dimethyl acetylenedicarboxylate (0.08 ml, 0.63 mmol) as described above to give, after chromatography (40% 

ethyl acetate in light petroleum), dimethyl 2-formyl-4-phenylindole-56-dicarboxylate (14f) (52% over 2 steps), m.p. 269- 

271°C. (Found: M+, 337.0950. Cl9Hl5N05 requires hf. 337.0950); vmax. (KBr) 1721 and 1660 cm-l; 6H (250 MHz; 

CDCt3) 11.30 (1 H, br s, NH). 9.78 (1 H, s, CHO). 8.15 (1 H. s, 7-H). 7.41 (5 H. m. ArH), 7.03 (1 H. d, J 2.0 HZ, 3-H). 3.89 

(3 H, s, CO+e) ami 3.6 (3 H, s, C02Me); 8C (62.9 MHz: CDC13) 52.1, 52.5, 113.9, 115.3, 126.15, 126.18, 128.0. 128.2, 

128.8, 129.1, 129.5, 131.6, 135.4, 137.0, 137.3, 139.1. 166.7, 169.6 and 182.4; m/r 337 (M+, 40%), 306 (73). 212 (ltXt), 

184 (38). 136 (87). 105 (20). 77 (36) and 51 (22). 

With 2-benzoyl+henylpyrano[4,3-blpyrrol-6(1H)-one (12) 

A mixture of the pyranopyrrolone (12) (70 mg, 0.22 mmol) and dimethyl acetylenedicarboxylate (0.05 ml, 0.44 mmol) in 

chlombenxene (6 ml) was refluxed under nitrogen for 4 h. The solvent was evaporated and the r&due cbmmamg+ted [ethyl 

acetate-light petrobum (1:3)1 to give dimethyl 2-benzoyl-4-phenylindole-5,6-dicarboxylate (14 9) (47 mg, 51%). m.p. 193- 

194°C (Found: M+, 413.1263. C25H19N05 requires M, 413.1263); vmax . WBr) 1726.1707 and 1635 cm-l; SH (250 MHz; 

CBCl3) 9.85 (1 H, br s. NH). 8.14 (1 H. s, 7-H), 7.84 (2 H, m, ArH), 7.46 (8 H, m, ArH), 6.87 (1 H, d,J 1.2 HZ, 3-H). 3.87 

(3 H. s, C02Me) and 3.57 (3 H, s, C02Me); SC (62.9 MHz; CDC13) 52.3, 52.7, 112.0. 114.4, 126.1, 127.1, 128.1, 1213.3, 

128.7, 129.2, 130.2, 133.0. 135.8. 136.1, 136.9, 137.2. 137.3. 166.6, 169.7 and 187.0 (5 carbons unobserved); m/r413 (M+, 

72%) 382 (100). 105 (l(0) and 77 (52). 

With isobutyl 2-betuoyl-6-oxo-4-phenylpyrano[4,3-blpyrrole-l-carbuxylate (13) 

A mixture Of the pyranopyrrolone (13) (32 mg. 0.08 mmol) and dimethyl acetylenedicarboxylate (0.02 ml, 0.16 mmol) in 

chlombenxene (5 ml) was refluxed under nitrogen for 2 days. Extra dimethyl acetyknedicarboxyMte (0.02 ml, 0.16 mmol) was 

added and the heating continued for 2 days. The solvent was evaporated and the residue chromatographed to give l-~dbruyl-5,6_ 

dimethyl 2-benzoyl-4-phenylindole-1,5,6-tricarboxylate (14h) (35 mg, 88%) as an oil, (Found: M+, 513.1788; C30H27NC7 

requires M. 513.1788); vmax (CHC13) 1729 and 1668 cm-‘: 6H (250 MHz; CDCt3) 8.9 (1 H, d, J 0.6 Hz, 7-H). 7.86 (3H. 

m. ArH), 7.61 UH, m, ArH). 7.44 (6 H, m, ArH), 6.73 (1 H. d, J 0.6 Hz, 3-H). 4.00 (2 H, d, J 6.53 HZ. CO2 CH2), 3.96 (3 

H, S, C02Me). 3.66 (3 H. s, C02Mc). 1.86 (1 H, tq, J 6.7 Hz, CHMe2) and 0.86 (6 H, d. J 6.7 Hz, CHMe2); 6c (62.9 
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MHz; CDC13) 18.8 (2C) 27.5, 52.3, 52.6, 74.6, 112.8, 116.8, 126.2, 128.3, 128.35, 128.7, 129.3. 129.4, 130.4, 131.0, 133.8, 

134.5. 135.9. 136.1, 136.6, 139.8, 150.3, 166.3, 169.1 and 187.3 (4 carbons unobserved); m/z 513 (M+, 20%). 413 (35). 382 

(54). 105 (63). 77 (30), 57 (100) and 41 (82). 

2. Ethyl (or methyl) propiolate 

With pyrano[4.3-b]pyrroL6(lH)-oM (7a) 

A mixture of the pyranopyrrolone (7s) (42 mg, 0.31 mmol) and ethyl propiolate (152 mg. 1.55 mmol) in chlorobenzem (8 ml) 

was refluxed under nitrogen for 4 h. The solvent was evaporated and the residue chromatographed [ether-light petroleum (kl)] to 

give ethyl indole-5-carboxylate (15a) and ethyl indole-6-carboxylate (16~~) (30 mg. 51%) in the ratio 1 to 1.8, tn.*. 5% 

63°C. @tmd: C, 69.6; H, 5.85; N, 7.3. Cl lH1 lNO2 requires C, 69.8; H, 5.9; N, 7.4%); vmax.(Nujol) 3300. 1684 and 12% 

cm-l; SH (250 MHz; CDcl3) 8.56 (1 H, br, NH, bester), 8.50 (1 H, br. NH, S-ester), 8.43 (1 H, s. 4-H. S-ester), 8.18 (1 H, s, 

7-H. B-ester), 7.92 (1 H, dd. J 8.6, 1.6 Hz, 6-H. S-ester), 7.83 (1 H, dd, J 8.5, 1.2 Hz. 5-H. 6-e&r), 7.66 (1 H, d, J 8.3 Hz, 4- 

H, 6-e&, 7.40 (1 H, d, J 8.7 Hz, 7-H. 5-ester). 7.36 (1 H, m, 2-H. 6-ester), 7.27 (1 H. m, 2-H. S-ester), 6.65 (1 H. m, 3-H. 

5-ester). 6.61 (1 H, m. 3-H. 6-ester), 4.40 (q. / 7.1 Hz. ester CH2, both isomers) and 1.41 (t. J 7.1 Hz, ester CH3. both 

isomers); m/z 189 (M+, 85%). 144 (100) and 116 (24). 

With 4-methylpyrano[4,3-blpyrrol-6(1 H)-one (7b) 

A mixture of the pyranopyrrolone (7b) (83 mg. 0.56 mmol) and ethyl propiolate (273 mg, 2.78 mmol) in chlorobenzene (12 ml) 

was refluxed under nitrogen for 24 h. The solvent was evaporated and the residue chromatographed [ether-light Petroleum (Zl)] to 

give ethyl 4-methylindole-5-carboxylate (15b) and ethyl 4-methylindole-6-carboxylate (16b) (89 mg, 79%) in the ratio 1 to 

1, m.p. 70-89°C. (Found: C, 70.7; H, 6.5; N, 6.8. Cl2Hl3N02 requires C, 70.9; H. 6.45; N, 6.9%); v,,.(Nujol) 3300 and 

1686 cm-]; SH (250 MHz; CDCl3) 8.47 (1 H, br, NH), 8.38 (1 H, br, NH), 8.02 (1 H, s, 7-H. duter), 7.84 (1 H, d, J 8.6 Hz. 

6-H. 5-ester), 7.62 (1 H, s, 5-H. 6-ester), 7.34 (1 H, t, J 2.8 Hz, 2-H). 7.23 (2 H. m), 6.70 (1 H, m, 3-H), 6.60 (1 H. m, 3-H). 

4.37 (4 H, m, ester CH2, both isomers), 2.85 (3 H, s, 4-Me. 5-ester), 2.59 (3 H, s, 4-Me, bester) and 1.41 (6 H, t, J 7.1 Hz, 

ester CH3, both isomers); m/z 203 (M+, 87%). 174 (20). 158 (100) and 130 (60). 

With isoburyl6-oxopyrano[4,3-blpyrrole-1-carboqlate (ga) 

A mixture of the pyranopyrrolone @a) (71 mg, 0.30 mmol) and ethyl propiolate (148 mg. 1.51 mmol) in chlorobenzene (10 ml) 

WaS refluxed for 4 h. The solvent was evaporated and the residue chromatographed [ether-light petroleum (1:3)] to give S-ethyl l- 

isobuty[ indole-1.5-dicarboxylate (15~) and 6-ethyl 1-isobutyl indole-1,6-dicarboxylate (16~) (71 mg, 81%) in the ratio 1 

to 1, m.P. 40-52’C. (Found: C, 66.5; H, 6.65; N, 4.95. C16H19No4 requires C. 66.4; H, 6.6; N, 4.8%); vmax,(Nujol) 1740, 

1708. 1230 and 762 cm-l; SH (250 MHz; CDCl3) 8.86 (1 H, brs. 7-H. 6-ester), 8.31 (1 H, d, J 1.7 HZ, 4-H, 5-ewr), 8.22 (1 

H, d, J 8.7 Hz, 7-H, 5-ester), 8.04 (1 H, dd, J X.7, 1.7 Hz, 6-H, 5-ester), 7.97 (1 H, dd, J 8.2, 1.5 Hz, 5-H, &ester), 7.79 (1 H, 

d, J 3.7 Hz, 2-H, 6-ester), 7.68 (1 H. d, J 3.7 Hz. 2-H. 5-ester), 7.60 (1 H, d, J 8.2 Hz. 4-H. 6-ester), 6.68 (I H, d, J 3.8 Hz, 

3-H. 5-ester). 6.65 (1 H, d, J 3.7 Hz, 3-H. 6-ester), 4.41 (4 H, q. J 6.9 Hz. ethyl CH2, both isomers), 4.28 (2 H, d, J 6.5 HZ, 

isobutyl CH2, 6-ester), 4.25 (2 H, d, J 6.7 Hz. isobutyl CH2, 5-ester), 2.22-2.13 (2 H, m, isobutyl CH, both isomers), 1.42 (6 

H, t, J 7.1 Hz, ethyl CH3, both isomers), 1.11 (6 H, d, J 6.7 Hz, isobutyl CH3, 6-ester) and 1.07 (6 H, d, J 6.7 Hz, isobutyl 

CH3,5-ester); m/z 289 (M+, 60%). 189 (68), 161 (46). 144 (70). 116 (43). 57 (100) and 41 (77). 

With isobutyt 4-methyl-6-oxopyrano[4.3-blpyrrole-l-carboxylate (8b) 

A mixture of the pyranopyrrolone (8b) (79 mg, 0.32 mmol) and ethyl propiolate (155 mg, 1.58 mmol) in chlwbenzene (10 ml) 

was refluxed for 20 h. The solvent was evaporated and the residue chromatographed [ether-light petroleum (1:3)] to give 5-ethyl 

1-isobvfyl4-methylindole-I ,5-dicarboxylate (15d) and 6-ethyl I-isobutyt 4-methytindole-1,ddicarboxylate (16d) (72 mg. 

75%) in the ratio 1.2 to 1 as a colourless oil, (Found: C, 67.25; H, 7.1: N, 4.4. Cl7H21N04 requires C. 67.3; H, 7.0; N, 

4.6%); vmax~(film) 1738, 1712, 1598 and 1522 cm-l; SH (250 MHz; CDCl3) 8.71 (1 H, brs, 7-H. &ester), 8.04 (1 H, d, J 8.8 
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Hz. 7-H. s-ester), 7.93 (1 H. d, J 8.8 Hz, 6-H, J-ester), 7.78 (2 H, m, 2-H + 5-H. 6-c&r), 7.66 (1 H, d, J 3.8 Hz, 2-H, 5- 

ester), 6.76 (1 H, d, I 3.8 Hz, 3-H, 5estc1). 6.67 (1 H, d, J 3.7 HZ. 3-H. (iester), 4.44 (m. ethyl CH2. both isomers), 4.27 (2 

H. d. J 6.5 Ha, isobutyl CH2,6-ester), 4.24 (2 H, d, J 6.6 Hz, isobutyl CH2, 5-e&r), 2.79 (3 H, s, ~-MC, S-ester), 2.56 (3 H, 

s. 4-Me. 6-ester), 2.24-2.11 (m, isobutyl CH, both isomers), 1.42 (t. J 7.1 Hz, ethyl CH3. both isomers), 1.10 (6 H, d, / 6.7 

Hz, isobutyl CH3, (i-ester) and 1.07 (6 H, d, J 6.7 Hz, isobutyl CH3, 5-ester); m/x 303 (A@, 39%), 203 (27). 158 (22). 57 

(100). 41(49) and 29 (60). 

With 2-bcnzoyr-4-ph[4,3-b~~ol~lH)~~ (12) 

A mixture of the pyranopyrrolone (12) (% mg. 0.32 mmol) and methyl propiolate (0.13 ml, 1.6 mmol) in chloroktzene (8 ml) 

was refluxed under nitrogen for 16 h. The solvent was evaporated and the residue chtomatographed [30% ethyl acetate, 70% light 

petroleum1 to give methyl 2-bensoyl-4-phcnylindole-S-carboxylate (15e) and methyl 2-bcnsoyl-4-phcnylindole-6- 

carboaylate (16e) (72 mg, 67%) in the ratio 5 to 1. (data recorded on 5:l isomeric mixture), m.p. (range for 2 rcgioisomers) 

184-194T (Found: M+, 355.1208. C23H17N03 requires M, 355.1208); vmax. (KBr) 1701 and 1641 cm-‘; S, (250 MHz, 

CDCl3) 10.02 (1 H, br s. NH), 7.95 (3 H, m, ArH). 7.48 (9 H, m, ArH), 6.95 (1 H. d, 5-ester, d, 6-ester, J 0.8 Hz, 3-H’s), 3.99 

(0.5 H, s, CO2Me 6-ester ) and 3.65 (2.5 H, s. C02Me 5 ester); $ (62.9 MHz; CDC13) 51.8, 52.3, 114.1, 111.7, 113.6, 

113.9, 121.2, 121.9, 122.5, 127.5, 127.8, 128.1, 128.3, 128.4, 128.6, 128.69, 128.75, 128.9, 129.0, 129.1, 129.3, 129.4, 

132.0, 132.2, 132.4, 132.7, 132.8, 134.6, 135.5, 136.86. 136.91, 137.56, 137.63, 139.0, 139.1, 139.7. 139.8, 167.5, 168.9, 

187.3 and 187.4 (5 carbons unobserved): m/z 355 (ti. lOO%), 324 (55), 105 (68) and 77 (52). 

3. Ethyl 3-trimethylsilylpropynoate 

With 4-methylpyrano[4,3-b]pyrroL6(lH)-one (7b) 

A mixture of the pyranopytrolone (‘lb) (50 mg. 0.34 mmol) and ethyl 3-trimethylsilylpropynoate (171 mg, 1.01 mmol) in 

chlorobenxene (10 ml) was rcfiuxed under nitrogen for 96 h. The solvent was evaporated and the residue chromatographed [ethcr- 

light petroleum (l:l)] to give ethyl 4-methyl-6-trimethylsilylindole-5-carboxylate (1X) (10 mg, 11%). m.p. 55-56T, 

(Found: kf+, 275.1342. C15H2lN02Si requires M. 275.1342); v max.(CHC13) 3476.1706, 1282. 1252,856 and 840 cm-l; 

8~ (250 MHz; CDCl3) 8.26 (1 H, br, NH), 7.49 (1 H. s, 7-H). 7.24 (1 H, dd. J 3.2.2.5 Hz, 2-H). 6.60 (1 H, m, 3-H), 4.40 (2 

H, q. J 7.1 Hz, ester CH2). 2.60 (3 H, s, 4-Me). 1.41 (3 H, t, J 7.1 Hz, ester CH3) and 0.32 (9 H, s, Me3Si); m/r 275 (M+, 

4%). 260 (82) and 232 (100). 

With isobutyl6oxopyrano[4,3-b]pyrrole-I-carboxylate (8a) 

A mixture of the pyranopyrrolone (8a) (80 mg, 0.34 mmol) and ethyl 3-trimethylsilylpropynoate (173 mg, 1.02 mmol) in 

chlorobenxene (10 ml) was refluxed for 20 h. The solvent was evaporated and the residue chromatographed [ether-light petroleum 

(1:7)] to give 5-ethyl 1-isobutyl 6-trimethylsilylindole-1,5-dicorboxylate (15s) and 6-ethyl l-jsobatyl 5- 

trimethylsilylindole-1,6-dicarboxylate (16g) (111 mg, 90%) in the ratio 7 to 1, m.p. 32-50°C, (Found: C, 63.3; H, 7.7; N, 

3.9. ClgH27NOqSi requires C, 63.1; H, 7.5; N. 3.9%); v maxJh’ujol) 1742, 1718, 1336, 1234,844 and 766 cm-l: 8H (250 

MHz; CDCl3) 8.86 (1 H. s, 7-H, minor), 8.52 (1 H, s, 7-H. major), 8.32 (1 H, s, 4-H. major), 7.89 (1 H. s, 4-H. minor), 7.76 

(1 H, d, J 4 Hz, 2-H. minor), 7.70 (1 H. d, J 3.7 Hz, 2-H. major), 6.66 (d, J 3.7 Hz, 3-H. both isomers), 4.40 (q. J 7.1 Hz, 

ethyl CH2, both isomers), 4.28 (2 H, d, J 6.8 Hz, isobutyl CH2, minor), 4.25 (2 H. d, J 6.8 Hz, isobutyl CH2, major), 2.19 

(m, isobutyl CH, both isomers), 1.43 (t. J 7.1 Hz, ethyl CH3, both isomers), 1.11 (6 H, d, J 6.8 Hz, isobutyl CH3, minor), 

1.07 (6 H, d, J 6.7 Hz. isobutyl CH3, major), 0.38 (9 H, s, Me3Si. major) and 0.35 (9 H. s, Me3Si. minor); m/r 361 (I+@, 

1%). 346 (100) 318 (20) 262 (28) and 218 (28). 

Protodesilylation of 5-ethyl I-isobutyl 6-trimethylsilylindole- 1,5-dicarboxylate (15g) and 6-ethyl I-isobutyl 5- 

trimethylsilylindole- 1.6-dicarboxylate (16g) 

A mixture of the silylated indoles (159) and (16g) (58 mg, 0.16 mmol) was dissolved in trifluoroacetic acid (2 ml) and water (1 

ml) and the mixture refluxed under nitrogen for 2 h. The mixture was allowed to cool to room temperature, diluted with water and 
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extracted with ether. The combined ether extracts were washed with saturated sodium hydrogen carbonate solution (until tbe 

washings remained basic), water, brine, and dried (MgSO4). Tbe solvent was evaporated and the residue chromatographed [ether- 

light petroleum (1:3)] to give 5-ethyl I-isoburyl indolc-1,5dicarbosylatc (15~) and 6-erhyl I-isoburyl indole-1,6- 

dicarbo~lare (16~) (24 mg, 52%) in the ratio 7 to 1, m.p. 48-6O“C. special data given above. 

Hydrolysis of 5-ethyl I-isobutyl Mole-l ,5-dicarboqjlate (1%~) and 6-ethyl I-isoburyl indole-I$-dicarboxy~re (16c) 

A mixture of the isobutyl indole-l-esters (lk) and (ltk) (18 mg, 0.06 mmol) in 0.88 ammonia (3 ml) and pyridine (1 ml) was 

stirred at room temperature for 36 h. Water was added and the mixture extracted with ether. The combined ether extracts were 

washed with saturated aqueous copper (II) sulfate solution, water, brine, and dried (MgSOq). The solvent was evaporated and the 

residue chromatographed [ether-light petroleum (2:1)] to give erhyl indole-5-carboxylate (Isa) and ethyl indole-6-carboxylare 

(l&a) (9.4 mg. 80%) in the ratio 7 to 1, m.p. 76-85X spectral data given above. 

With isoburyl4-merhyl-6-oxopyrano[4,3-blpyrrole-l-carboxylare (8b) wirh erhyl3-rrimerhylsilylpropynoare 

A mixture of the pyranopyrrolone (8b) (lo0 mg, 0.40 mmol) and ethyl 3-trimethylsilylpmpynoate (206 mg, 1.21 mmol) in 

chlombenzene (10 ml) was refluxed for 168 h. The solvent was evaporated and the residue chromatographed [ether-light petmlettm 

(1:5)] to give 5-erhyl I-isoburyl 4-merhyl-6-rrimerhylsilylindole-l,5-dicarboxylare (1Sh) (97 mg, 64%). m.p. 51-52’Y!, 

(Found: C. 64.2; H, 8.0; N, 3.7. C2OH29NO4Si requires C, 64.0; H, 7.8; N. 3.7%); vmax.(Nujol) 1738, 1334, 1284, 1142 and 

840 cm-l; SH (250 MHz; CDC13) 8.30 (1 H. brs, 7-H) 7.67 (1 H, d. J 3.8 Hz, 2-H). 6.66 (I H. d, J 3.9 Hz, 3-H), 4.40 (2 H, 

q.J 7.1 Hz, ethyl CH2). 4.23 (2 H, d, J 6.7 Hz, isobutyl CH2). 2.54 (3 H, s. 4-Me), 2.17 (1 H, m, isobutyl CH), 1.41 (3 H, 

t, J 7.1 Hz, ethyl CH3). 1.07 (6 H, d, J 6.7 Hz, isobutyl CH3) and 0.33 (9 H, s. MegSi); m/r 375 (I@. 1%). 360 (lOO), 

332 (20). 276 (26). 232 (19). 57 (24). 41 (34) and 29 (43). 

Prorodesilylarion of 5-ethyl l-isoburyl4-methyl-6-trimethylsilylindole-1,5-dicarboxylnte (15h) 

The 6-trimethylsilylindole (15h) (40 mg, 0.11 mmol) was dissolved in trifluomacetic acid (2 ml) and water (1 ml) and the 

mixture refluxed under nitrogen for 2 h. The mixture was allowed to cool to room temperature, diluted with water, and exaacted 

with ether. The combined ether extracts were washed with saturated sodium hydrogen carbonate solution (until the washings 

remained basic), water, brine, and dried (MgS04). The solvent was evaporated and the residue chmmatographed [ether-light 

petroleum (1:3)] to give 5-ethyl I-isoburyl4-methylindole-l,5-dicarboxylate (15d) (14 mg. 43%) as a colourless oil, spectral 

data given above. 

Wirh 2-bensoyl4-phenylpyrano[4,3-b]pyrrol-6(lH)-one (12) 

The pyranopyrrole (12) (100 mg. 0.32 mmol) was heated with ethyl-3-trimethylsilylpmpynoate (0.18 ml, 0.95 mmol) to give, 

after chromatography (20% ethyl acetate in light petroleum), ethyl 2-benroyl4-phenyl-6-rrimerhylsilylindole-5-carbo%ylate (Ui) 

and ethyl 2-benzoyl-4-phenyl-5-trimethylsilylindole-6-carbo~late (16i) (9 mg, 6%) as an 8 to 1 mixture, m.p. 207-210°C, 

(Found: MH+, 442.1838. C27H28N03Si requires MH. 442.1838); vmax. (KBr) 1714 and 1614 cm-l; 8H (250 MHz, CDC13) 

9.69 (1 H, br s, NH, both isomers), 7.96 (2 H, m, ArH, both isomers), 7.79 (1 H, 2s. 7-H, both isomers), 7.53 (8 H, m, ArH, 

both isomers), 7.0 (1 H, 2d, J 0.9 Hz, 3-H. both isomers), 4.27 (0.22 H, q, J 7.1 Hz, C02CH2CH3. 6-ester), 3.98 (1.77 H. q. 

J 7.1 Hz, C02CH2CH3 , 5-ester), 1.35 (2.66 H. t, J 7.1 Hz, C02CH2CH3. 6-ester), 0.87 (0.33 H, t, J 7.1 Hz, 

CO2CH2CH3, 5-ester), 0.42 (8 H, s, Me3Si. 5-ester) and 0.30 (1 H, s. MegSi, 6-e&; SC (62.9 MHz; CDC13) 15 only: 0.2 

(3 C’s) 13.4, 60.8, 112.3, 118.0, 127.5, 127.7, 128.2, 128.5, 129.0, 129.2, 130.7. 132.5, 135.3, 135.9, 137.2, 137.4, 137.6. 

138.9, 171.2 and 187.0 (4 carbons unobserved); m/r (CI) 442 (MH+, 100). 426 (55) and 398 (22). 

4. Phenyl vinyl sulfoxide 

With 4-merhylpyrano[4.3-b]pyrrol_6(1H)-one (7b) 

A mixture of the pyranopyrrolone (7b) (46 mg, 0.31 mmol) and phenyl vinyl sulfoxide (141 mg, 0.93 mmol) in chlombenxene 

(5 ml) was tefluxed under nitrogen for 24 h. The solvent was evaporated and the residue chmmatographed [ether-light petmleum 
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(1:l)l to give 4-merhylindole (17~) (13 mg, 32%) as a colourless oil, picrate m.p. 187-188T (lit,,llb 188~ vmax.(CHC13) 

3480 and 1342 cm-l; 6H (250 MHz: CDC13) 8.1 (1 H, br, NH), 7.24-7.19 (2 H. m, 2-~ + 7-H). 7.11 (1 H, t,~ 7 IIZ, 6-f-f). 

6.92 (1 H. d, J 7 Ha. 5-H). 6.57 (1 H. m, 3-H) and 2.57 (3 H. s, 4-Me); SC (62.9 MHZ; CfX13) 18.8. 101.1, 108.6, 119.9, 

122.1, 123.5, 127.8, 130.2 and 135.4; m/z 131 (M+. 77%). 130 (loo), 103 (11) and 77 (20). 

With i.wbutyl4-~rhyl-doxopyrano[4,3-blpyrrole-l-carboxylrne’(8b) 

A mixture of the pymnopyn’olone (8b) (90 mg. 0.36 mmol) and phenyl vinyl sulfoxide (165 mg, 1.08 mmol) in chmnzene 

(10 ml) was refluxed for 144 h. The solvent was evaporated and the residue chmmatographed [dichlommahaw light pctmkum 

(1:2)1 to give isObU?y~ 4-mcthylindole-1-carboxylatc (17b) (71 mg, 85%) as a colomless oil, (Found: C, 72.5: H, 7.35; N, 

5.9. Cl4Hl7N02 requires C, 72.7; H, 7.4; N. 6.1%); v max.(fitm) 1734, 1424, 1348, 1276 and 1132 cm-l; 8H (250 MHZ, 

CDC13) 8.02 (1 H. d, J 8.3 H.G 7-l-f). 7.62 (1 H, d, J 3.8 Hz, 2-H). 7.20 (1 H, m. 6-H). 7.05 (1 H, dd. I7.3, 0.8 Hz, 5-H). 

6.64 (1 f-f, d. J 3.8 Hz. 3-H). 4.22 (2 H, d, J 6.6 Hz, isobutyl CH2). 2.53 (3 H, s, 4-Me), 2.15 (1 H, m. isobutyl CH) and 1.06 

(6 H, d, J 6.7 Hz, isobutyl CH3); m/z 231 (M+. 37%). 175 (27). 158 (16), 131 (98). 130 (69). 57 (100) and 41(66). 

With isobutyi 6-0x04-phenylpyrano[4,3-blpyrrole-I-carboxylate (8e) 

A mixture of the pyranopyrrolone (8c) (204 mg. 0.66 mmol) and phenyl vinyl sulfoxide (499 mg. 3.28 mmol) in chlo&enxmm 

(5 ml) was refluxed under nitrogen for 192 h. The solvent was evaporated and the residue chromatogmphed [dichlotomethane-tiiht 

petroleum (3:l)l to give isoburyl4-phenylindole-1-carboxylale (17~) (175 mg, 91%) as a colourless oil, (Found: C, 77.5; H 

6.6; N, 4.5. Ct9Hl9N02 requires C, 77.8; H, 6.5; N, 4.8%); v max,(film) 1736, 1418, 1348, 1268 and 1166 cm-l; 6H (250 

MHz; CDC13) 8.20 (1 H, d, J 8 Hz, 7-H). 7.66 (1 H, d, J 3.8 Hz, 2-H). 7.60 (2 H, d, J 8 Hz), 7.48-7.41 (4 H, m), 7.31(1 H, 

d, J 8 Hz, 5-H). 6.76 (1 H, d. J 3.8 Hz. 3-H). 4.25 (2 H, d. J 6.6 Hz, isobutyl CH2), 2.17 (1 H, m, isobutyl Cl-i) and 1.07 (6 

H, d, J 6.7 Hz, isobutyl CH3); m/r 293 (M+, 88%). 237 (38). 193 (100). 165 (39) and 57 (40). 

With 2-benzoyl~-phcnyrpyrcuto[4,3-blpyrrol-6(lH)-onr (12) 

The pyranopyrrolone (12) (98 mg, 0.31 mmol) and phenyl vinyl sulfoxide (0.125m1, 0.93 mmol) were heated together in 

chlorobenxene (3 ml) for 16 h to give, after chromatography (15% ethyl acetate in light petroleum), 2-benzoyl-4-phenylindole 

(17d) (18 mg, 20%). m.p. 174-176°C. (Found M+. 297.1154. C2tHl5NO requires M. 294.1154); vmax. (KBr) 1623 and 

1579 cm-l. . $.g (250 MHz; CDC13) 9.50 (1 H, br s, NH), 7.98 (1 H, m, ArH), 7.95 (1 H, m, ArH) and 7.68-7.21 (12 H, series 

of m’s, ArH); 6C (62.9 MHz; CDC13) 111.2, 112.1, 120.8, 126.3, 126.8, 127.5, 128.5. 128.7, 129.2. 129.4, 132.4, 134.6, 

136.6, 137.2. 137.9, 138.0, 140.3 and 187.1 (3 carbons unobserved); m/r 297 (M+. loO%), 280 226 (IS), (21). 190 165 (16). 

(38). 105 (29). 77 (46), 51 (14) and 43 (12). 

With isobutyl2-benroyl-6-oxo-4-phenylpyrano[43_b]pyrrole-l-carboxykue (13) 

The pyranopyrrolone (13) (18 mg, 0.04 mmol) and phenyl vinyl sulfoxide (0.03 ml, 0.13 mmol) were heated together in 

chlorobenzene (5 ml) for 7 days to give, after chromatography (5% ethyl acetate in light petroleum), isoburyl2-benroyl_4- 

phenylindolc-I-corboxylate (17e) (11 mg, 64%) as an oil, (Found: M +, 397.1678: C26H23N03 requires M, 397.1678); 

vmax. (CHCl3) 1741 and 1662 cm-‘; 8H (250 MHz; CDC13) 8.15 (1 H, d, J 8.4 Hz. ArH), 7.84 (2 H, m, ArH), 7.53-7.03 (10 

H, series of m’s, ArH), 7.03 (1 H, s, 3-H). 3.92 (2 H, d, J 6.6 Hz, CH20), 1.76 (1 H, q, J 6.7, 6.6 Hz, CHMe2) and 0.76 

(6 H. d, J 6.7 Hz CHMe2); 6C (62.9 MHz; CDC13) 18.9 (2 C’s). 27.6, 74.0. 114.2, 114.3. 123.7, 126.4. 127.1. 127.2, 

127.5. 127.6, 128.6, 128.7, 128.8, 129.1. 129.5. 133.3, 136.4. 137.1, 137.3, 137.5. 139.6. 150.9 and 187.6 (1 carbon 

unobserved); m/r 397 (M+. 75%). 297 (100). 105 (42). 84 (40), 57 (45) and 49 (65). 

5. Benxyne 

With isoburyI 4-methyl&-oxopyrano[4.3-blpyrrole- I -carbo$ate (Ub) 

A mixture of the pyranopyrrolone (8b) (73 mg. 0.29 mmol), 2-(3,3dimethyltriaxen-I-yl)benzoic acid (113 mg, 0.59 mmd), and 
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trifluoroacetic acid (1 drop) in acetonitrile (10 ml) was refluxed for 6 h. The solvent was evaporated and the residue 

chromatographed [ether-light petroleum (1:3)] to give isobugyl4-mc~hylbcnz[~indolc-l-carboxyllc (18) (69 mg, 84%). mp. 

4145oC. (Found: C. 76.6; H, 6.8; N. 4.9. Cl8Hl9NO.2 requires C. 76.8; H. 6.8; N. 5.0%); vmaxjNujd) 1734 an-‘; a, (250 

MHz; CDCl3) 8.53 (1 H, brs, 9-H). 8.10 (1 H. m). 7.97 (1 H. m). 7.73 (1 H, d, / 4.0 Hz, 2-H). 7.50-7.42 (2 H,m). 6.80 (1 H. 

d, J 4.0 Hz. 3-H). 4.26 (2 H, d, J 6.6 Hz, isobutyl CHd, 2.86 (3 H, s, 4-Me), 2.19 (1 H. m, isobutyl CH) and 1.09 (6 H, d, J 

6.7 Hz, isobutyl CH3): m/z 281 (@, 66%). 225 (65). 181 (100). 57 (69) and 41 (48). 

Lkprotectiun uf lndolea 

4-Methylindole (17a) 

A solution of the isobutyl indole-l-ester (17b) (25 mg, 0.11 mmol) in 0.88 ammonia (3 ml) and pyridhte (1 ml) was stirred at 

mom temperature for 24 h. Water was added and the mixture extracted with ether. The ccmbined ether extracts were washed with 

water, brine, and dried (MgSO4). The solvent was evaporated and the residue chromatographed [tier-light petroleum (l:l)] to 

give the title compound (179) (11 mg, 78%). spectral data given above. 

4-Phenylindole (19) 

A solution of the indole-l-ester (17~) (123 mg, 0.42 mmol) in pyridine (2 ml) and 0.88 ammonia (6 ml) was stirred at mom 

temperature for 72 h. The mixture was diluted with water and extracted with ether. The combined extracts were washed with 

saturated copper (II) sulfate solution, water, brine, and dried (MgS04). The solvent was evaporated and the residue 

chromatographed [ether-light petroleum (l:l)] to give the tide compound (19) (63 mg, 78%). m.p. 76-77OC, (lit..12 58-60°C). 

(Found: C. 86.8; H, 5.6; N, 7.2. Cl4HllN requires C, 87.0; H, 5.7; N. 7.25%); v,,~jNujol) 3412 and 750 cm-*; 8~ (250 

MHz; CDCl3) 8.23 (1 H, br, NH), 7.73-7.68 (2 H, m), 7.51-7.44 (2 H. m), 7.41-7.33 (2 H, m). 7.31-7.18 (3 H, m) and 6.74 (1 

H, m, 3-H); 8~ (62.9 Ml-k CDC13) 102.2, 110.2, 119.8. 122.3, 124.4, 126.2, 126.9, 128.5, 128.8, 134.5, 136.3 and 141.2; 

m/z 193 (M+, 100%) and 165 (34). 

4-Melhylhwz[fJinab[ee (20) 

A solution of the indole-l-ester (18) (26 mg, 0.09 mmol) in 0.88 ammonia (1.5 ml) and pyridine (0.5 ml) was stirred at room 

temperature for 30 h. Water was added and the mixture extracted with ether. Tbe combined ether extracts wae washed with Watt, 

brine, and dried (MgS04). Tbe solvent was evaporated and the residue chromatograpbed [ether-light petroleum &I)] to give the 

title compound (20) (11 mg, 66%). m.p. 96-98“C, (Found: M+, 181.0891. Cl3HllN requires M. 181.0891); 

v,,,.(CHCl3) 3480, 1406 and 1320 cm-l; 8~ (250 MHz; CDC13) 8.15-8.11 (1 H, m). 8.02 (1 H, br, NH), 7.91-7.86 (1 H, m). 

7.70 (1 H, s, 9-H). 7.41-7.34 (3 H, m), 6.74 (1 H. m, 3-H) and 2.93 (3 H, s, 4-Me); m/z 181 (~44~. 100%). 180 (92). 152 

(22), 91 (1 I) and 77 (14). 

Ethyl 4-merhyl-6-~rimerhylsisi[ylindole-5-cu&xylaie (IS) 

A solution of the indole-l-ester (ISh) (27 mg, 0.07 mmol) in 0.88 ammonia (3 ml) and pyridine (1 ml) was stirred at room 

temperature for 48 h. Water was added and the mixture extracted with ether. The combined ether extracts were washed with 

saturated aqueous copper (II) sulfate solution, water, brine, and dried (Mgg04). The solvent was evaporated and the residue 

chromatographed [ether-light petroleum (1:2)] to give the tirk compound (15f) (16 mg, 81%). spectral data given above. 
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