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SYNTHESIS OF 2,4-DIHYDROPYRROLO({3,4-b]PYRROLES AND 4,6-DIHYDRO-2H-
DIPYRROLO {3 4-5:3 4-d]PYRROLES

Chin-Kang Sha,* Jia-Ming Liu, Ray-Kuang Chang, and Sue-Lein Wang
Department of Chemistry, National Tsing Hua University,
Hsinchu, Taiwan 30043, Republic of China

Abstract - The labile heterocyclic ring systems, 2,4-dihydropyrrolo[3,4-b]pytrole 1 and 4,6-
dihydro-2H-dipyrrolo[3,4-5:3',4'-d|pyrrole 2, were prepared readily by the phosphineimine-
atkylidenemalonate cyclization reaction or the retro-malonate addition reaction. An X-ray structure
analysis confinned that three pyrrole rings of 2 are copianar.

24-Dihydropyrrolo[3,4-blpyrrole and 4,6-dihydro-2H-dipyrrolo[3,4-5:3',4'-d]pyrrole! ring systems are cyclic analogues of
the interesting radialenes 3 and 4 respectively.? According to theoretical calculations, 1 and 2 are highiy unstable
heteroaromatic ring systems.? To date ring system 1 is still unknown, Herein we report the facile syntheses of 1and 2
based on our new methods, the phosphineimine-alkylidenemalonate cyclization,? or the retro-malonate addition reaction.’
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Starting from the known aldehyde 5.5 we synthesized 2,4-dihydropyrrolo(3,4-blpyrroles 11-14 with the 4-position
protected with a p-methoxyphenylsulfonyl group. Knoevenagel condensation of § with diethyl malonate gave 6. Reductive
cleavage of the thioester group of 6 with Raney nickel afforded 7. Treatment of 7 with potassium hydride followed by p-
methoxybenzenesulfonyl chloride gave the N-protecied pyrrole 8. Bromination of 8 with N-bromosuccinimide and
dibenzoyl peroxide gave bromide 9. Reaction of bromide 9 with sodium azide in aqueous THF gave the azido compound 10.
Treatment of 10 with wriphenylphosphine followed by hydrolysis afforded the pyrrolo[3,4-b)pyrrole 11, Scheme 1.
Attempted removal of the p-methoxyphenylsulfonyl protecting group led to the decomposition of the product. Apparently the
parent system of 2,4-dihydropyrrelo|3,4-b]pyrrole is too labile to isolate.
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a. CH,(CO;E1),, piperidine, benzene, reflux, 32 h, 90%. b. Raney nickel, acetone, reflux, 30 min, 77%.
¢. i) KH/ THF, -78°C, 30 min; ii) p-MeQOPhSO,Cl, -78°C--0"C, 87%. d. NBS, dibenzoyl peroxide,
CCly, reflux, 30 min, 72%. e. NaN3, THF /H,0 (1:1),25°C, 12 h, 98%. [.1) PhyP, THF, 25°C,
12 h; ii) H,0, 25°C, 12 h, 48%.

Scheme 1

— 603 —



On the other hand, reactions of bromide 9 directly with ammonia, methylamine, benzylamine, or aniiine produced the
pyrrolo[3,4-blpyrroles 11-14 in good yields, Furthermore, compound 13 was selected 10 react with dimethyl

acetylenedicarboxylate in a Diels-Alder reaction to give the cycloadduct 15. m-Chloroperbenzoic acid oxidation of 15
followed by thermolysis afforded indoke 178 via the N-oxide 16, Scheme 2.
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a. 25% NHa,, absolute ethanol, 25°C, 20 h, 11 (33%); 40% CH;NH,, absolute ethanol, 25°C, 30 h, 12
(47%); benzylamine, 95% ethanel, 25°C, 24 h, 13 (50%); aniline, 5% ethanol, 25°C, 48 h,14 (61%).
b. dimethyl acetylenedicarboxylate, benzene, 23°C, 4 h, 84%. c. MCPBA, CH,Cl,, 25°C, | h, 63%.

Scheme 2

Similarly dipyrrolo[3,4-b:3",4'-d]pyrroles 22 and 23 were synthesized starting from the known dialdehyde 18.7 Double

Knoevenagel condensations of 18 with diethyl malonate gave 19. Treatment of 19 with potassium hydride followed by
benzenesulfonyl chloride gave 20. Bromination of 20 with N-bromosuccinimde and dibenzoy] peroxide gave dibromide 21.

Treatment of 21 with ammonia in ethanol produced 4,6-dihydro-2H-dipymoio[3,4-4:3' 4'-d]pyrrole 22. Reaction of 21
with benzylamine afforded 4,6-dihydro-2H-dipyrrolo|3,4-6:3'4"-d]pyrrole 23, Scheme 3.
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a. CH5{CO,E1),, piperidine, benzene, reflux, 48 h, 70%. b. i) KH/THF, -78°C, 30 min; ii) PhSO,Cl,
-78°C—0°C, 86%. c. NBS, dibenzoyl peroxide, CCl,, reflux, 2 h, 85%. d. 25% NH;, absolute
ethanol, 25°C, 20 h, 22 (35%); benzylamine, 95% ethanol, 35°C, 18 h, 23 (34%).

Scheme 3

Compound 23 is a white crystalline selid, mp 212 - 213°C dec. A single-crystal X-ray analysis was performed to analyze the

structure in detail. Three fused pyrrole rings of 4,6-dihydro-2H-dipyrrolo]3,4-5:3'4"-d|pyrrole 23 were found in a plane. A
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molecular drawing of 23 is shown in Figure 1. Atomic coordinates and equivalent isotropic displacement parameters are
given in Table 1.

In summary, 2.4-dihydropyrrole(3,4-b]pyrroles 11-14 and 4,6-dihydro-24-dipyrroto{3,4-5:3,4"-d]pyrroles 22-23 were
synthesized readily by our phosphineimine-alkylidenernalonate cyclization reaction or the retro-malonate addition reaction.
From a single-crystal X-ray analysis of compound 23, three fused pyrrole rings were found to be coplanar, In additien a
new synthesis of indole 17 was achieved by the Diels-Alder reaction of 13 with dimethy] acetylenedicarboxylate followed by
oxidative extrusion of the imine nitrogen.

Figure 1: Molecular drawing of 23 generated by SHELXTL PLUS.

Table 1. Atomic coordinates (% 10% ) and equivalent isotropic displacement parameter (A x 103)

Aton X Y Z Ufeq) Alom X Y Z Ueq)
5 2318 (4) 4586 S627(1) 41(1) €23 -3667(14) 1648(7) 6978(4) 40(3)
o]} 4348 (10) 4856(5) 5533(3) 53(2) C28  -1811(17) 1449(8) 7224(4) 58(4)
m 1133 (11) 4887(5) 6139(3) 55(2) €27  -1605(17) 946(8) 7729(5) 68(4)
N1 2118 (11) 2429(6) 6098 (3) 44(2) €26 -3268(20) 623(7) 8020(5) 65(4)
N2 5315(12) 2392(6) 4611(3) 46(2) €25  -5160(21) 8I17(7) 7792(5) 66(4)
N3 2427(12) 3569(5) 5723(3) 42(2) C24  -5328(17) 1317(8) 7276(5) 60(4)
Cl6 950 (13) 4742(5) 4929(4) 41(3) C6 3478 (14) 3082(6) 5259(3) 37(3)
21 -1038(16) 4972(7) 4963(5) S53(4)  C3 2436 (14) 2347(6) 5126(3) 37(2)
C20  -2080(17) 5098(7) 4403(6) 65(4) C4 3620(14) 1931¢6) 4719(4) 45(3)
Cl9  -1100(21) 4979(8) 3850(6) 69(4) C5 5278 (13) 3110(6) 4942(4) 37(3)
Cig 897(20) 4753(7) 38I2(5) 68(4) (9 6888 (15) 2180(6) 4169(5) 53(3)
CI7T  1948(14) 4650(7) 4360(4) 50(3) CI0  6981(16) 2708(7) 3595(4) 51(3)

Cc2 615(13) 2357(6) 5512(4) 41(3) C11 8741(20) 2781(8) 3276(6) 74(4)
c7 590(¢13) 3103(6) 5846(3) 36(3) C12 8790(27) 3241(10) 273B(6) 96(6)
c1 SLIO7(16)  1924(7) 5691 ¢(4) 51(3) C13 7102(27) 3636(10) 2515(5) 99(6)
Cc8 -1089 (14) 3162(6) 6209(3) 41(3) C14 5351(24) 3566(8) 2840(3) 82(5)

C2z 4001 (13} 2194(6) 6423(4) 47(3) Cl5 52449020 M7y 33T7(4) 66(4)

* Equivalent isowopic U defined as one third of the trace of the orthogonalized Ujj tensor
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EXPERIMENTAL

General : Melting points were determined with a Yanaco micro melting point apparatus. 1H Nmr spectra were recorded on a
Varian EM-390, JEOL HX-100 or Bruker AM-400 spectrometer, 13C Nmr spectra were recorded on a JEOL HX-100 or
Bruker AM-400 spectromether. Mass spectra refer to the electron impact mass spectra and were recorded on a JEOL TMS-D-
100 mass spectrometer. High resolution mass spectra were taken on a JEOL HX-110 mass spectrometer. Ir spectra were
recorded on a Perkin-Elmer 781 spectrophotometer, and uv spectra were recorded on a Perkin-Elmer Lambda 5 UV-VIS
spectrophotometer. Solvents were distilled before use and were dried, as necessary, according to literature procedures. All
reactions were conducted under a nitrogen atmosphere.

X-Ray analysis 23, CogH23N3028: M = 465.6, orthorhombic, space group Pc2ib, a = 6.589(2), b = 16.218 (4), ¢ =
21.480 (6) A, V = 2295 (I)A3, Z=4,D,=1347 glem3, 2151 [ndependent reflections were measured of which 1104 were
considered observed |(1)>2.5 o(1)]. The structure was solved by direct methods to an £ value of 0.0413. All calculations
were performed on a Micro Vax II based Nicolet SHELXTL PLUS system.

Diethyi [(2-Carbothiomethoxy-5-methyi-d-pyrrolyl)methylene |propanedicate 6

To a solutior of methyl 2-methy}-3-formylpyrrole-5-thiocarboxylate 56 (0.1 g, 0.55 mmeol) in dry benzene (30 ml) were
added diethyl malenate (0.13 g, 0.81 mmol) and piperidine (0.1 ml). The mixtwre was heated to reflux for 32 h with
separation of water by a Dean-Stark apparatus. The solvent was then removed on a rotary evaporator . The residue was
chromatographed on silica gel (hexane-ethyl acetate; 6:1) to give the title product ¢ {159.8 mg, 90%). Recrystallization

(ethyl acetate-hexane) gave 6 as pale yellow crystals: mp 157-158°C; ir (KBr) 3290, 1730, 1700, 1620 cm1; 'H nmr (%0
MHz, CDCl3) & 1.20-1.53 (q, I = 7 Hz, 6 H), 2.43 {broad s, 6 H), 2.43 (broad s, 6H), 4.13-4.60 (m, 4 H), 7.03 (bread d,
1 H), 7.63 (s, 1 H), 9.83 (broad s, 1H}; ms m/z (relative intensity) 325 (M*, 16), 279 (26), 278 (26), 183 (68), 136 {100);
hrms m/z 325.0989 (caled for CysH19NOsS : 325.0984). Anal. Calcd for CysHygNQsS: C, 55.37; H, 5.89; N, 4.30.
Found: C, 55.33; H, 5.89; N, 4.29.

Diethyl [{2-Methyl-3-pyrroloylimethylene|propanedioate 7

W-2 Raney nickel (4 g) was added to acetone (30 ml} and stirred at room temperature for 15 min, A solution of the thicester 6
(495 mg, 1.52 mmol) in acetone (20 ml) was added, and the mixture was refluxed for 30 min. The reaction mixture was then
cooled and filtered through a shon pad of Celite. The filtrate was concentrated and the residue was purified by silica gel
chromatography (hexane-ethyl acetate; 1:1) to give the preduct 7 (293 mg, 77%). Recrystallization (ethy] acetate-hexane) gave
1 as white crystals: mp 130-132°C; ir (KBr) 3300, 1725, 1660, 1605 em1; 1H nenr (90 MHz, CDCl3) 8 1.17-1.47 {m, 6 H),
2.33 (s, 3 H}, 4.10-4.53 (m, 4 H), 6.23 (deformed triplet, 1 H), 6,58 {deformed triplet, 1 H), 7.68 (s, I H), 8.57 (broad s,
1 H); ms m/z (relative intensity} 251 (M*, 57), 205 (100); hrms m/z 251.1164 (calcd for C13H19NOg ; 251.1158). Anal.
Caled for CisH17NO4: C, 62.14; H, 6.82; N, 5.57. Found: C, 62.05; H, 6.81; N, 5.54.

Diethyl {[1-(z-Methoxyphenylsulfonyl)-2-methyl-3-pymolyl)methylene | propanediocate 8

To a suspension of potassium hydride (10.25 mg, 0.26 mmel) in dry THF (3 ml) was added dropwise a sotution of
compound 7 (40 mg, 0.095 mmeol) in dry THF (3 ml) at -78°C, The reaction mixture was stirred at -78°C for 30 min. A
solution of p-methoxybenzenesulfonyl chloride (43.9 mg, 0.21 mmol) in dry THF (3 ml) was then added dropwise. The
Teaction mixture was warmed up to room temperature and water (10 ml} was immediately added for quenching with external
cooling. The aqueous solution was extracted with dichloromethane (20 ml x 3). The organic layer was dried over MgS04 and
concentrated. Silica gel chromatography (hexane-ethyl acetate, 6:1) gave compound 8 as a colorless oil (58 mg, §7%); ir
(neat) 1725, 1630, 1595 crol; TH nmr (90 MHz, CClg) 8 1.13-1.43 (m, 6 H), 2.40 (s, 3 H), 3.80 (s, 3 H), 4.03-4.50 (m, 4
H), 627 (d,J=3Hz, 1 H), 6.83,693(d, ] =%Hz,2H),7.17 (d, J =3 Hz, | H),7.37 (5, 1 H), 7.67 (d, ] = 9 He, 2 H);
ms m/z (relative intensity) 421 (M*, 56), 375 (84), 204 (59), 171 (100); hrms m/z 421.1224 (caled for CapHaNO4S ¢
421.1195).

Diethyl {{1-(p-Methoxyphenylsulfenyl)-2-bromomethyl-3-pymolylmethylene lpropanedioate 9
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To a mixture of compound 8 (68,7 mg, 0.16 mmol) and N-bromosuccinimide (35 mg, 0.20 mmol) in carbon tetrachloride
(49 ml) was added dibenzoyl peroxide (10 mg). The reaction mixture was heated to reflux for 30 min, then was diluted with
dichloromethane (20 ml), and washed with water (2 x 15 ml) and brine (20 ml), The aqueous layer was extracted with
dichioromethane (2 x 20 ml). The comnbined organic layers were dried over MgSQj4 and concentrated. Silica gel
chromatography (hexane-ethyl acetate, 12:1) gave compound 9 (58.7 mg, 72%). Rccrysla]lizaﬁdn (ethyl acetate-hexane) gave
9 as white needles: mp 143-145°C; ir (KBr) 1730, 1717, 1630, 1595 corl; 'H amr (100 MHz, CDCl3) § 1.23-1.36 (m, 6
H), 3.87 (s, 3 H), 4.16-453 (m, 4H) , 490 (5,2 H), 637 (d,J =3.7Hz, 1 H), 699 (d, J =9 Hz, 2H),7.33(d, ] =37
Hz, 1 H), 7.57 (5, 1 H), 7.88 (d. ] = 9 He, 2 H); 13C nmar (400 MHz, CDCl3) 13.98 (g), 14.09 {g), 19.19 (1), 55.82 (q),
61.62 (1), 61.76 (1), 110.29 (d), 114.79 (d), 122.50 {s), 124.74 (d), 125.28 (d), 129.13 (s), 130.17 (d}, 131.06 (s}, 132.26
(s), 164,07 (s), 164.50 (5}, 166,64 (s); ms m/z (relative imensity) 499 (M*, 10}, 501 (M+2, 109, 420 (100); hrms m/z
499.0302. {caled for CyoHaNO7SBr : 499.0301). Anal, Caled for CogHaaNO78Br: C, 48.01; H, 4.43; N, 2.80. Found: C,
47.96; H, 4.45; N, 2.80.

Diethyl {[1-(p-Methoxyphenylsulfonyl)-2-azidomethyl-3-pyrrolyl jmethylene } propanedioate 10

To a solution of compound 9 (95.7 mg, 0.19 mmeol) in THF (15 ml) was added a sciution of sodium azide (62 mg, (.95
mmol) in HzO (15 ml). The reaction mixture was stirred in dark at room temperature for 12 h, then was extracted with ether
(2 x 30 ml). The combined ether layers were dried over MgS80O4 and concentrated. Silica gel chromatography (hexane-ethyl
acetate 6:1) gave oil compound 10 (87 mg, 98%); ir (CHC13) 2120, 1730, 1630, 1600 cmr1; H nmr (100 MHz, CDCl3) §
1.25-1.40 (m, 6 H), 3.87 (s, 3 H), 4.23-4.53 (m, 4 H), 470 (s, 2 H), 6.39 (d, J =3 Hz, 1 H), 6.99 (d, ] =9 Hz, 2 H),
735(d.J=3Hz 1H),7.53 (s,1H),7.84 (d, ] =9 Hz, 2 H); ms m/z (relative intensity) 434 (M* - 28, 19), 361 (28), 276
(66), 186 (72), 167 (100),

t-(p-Methoxyphenylsulfonyl)-1,5-dihydropyrrole|3.4-blpyrrole 11

Method A: To a solution of compound 10 (87 mg, .32 mmol) in THF (10 m}) was added wiphenylphosphine {100 mg, 0.38
mmol}) in dry THF {15 ml). The reaction mixture was stirred at room temperature for 12 h. Thin layer chromatography

(hexane-ethyl acetate, 2:1) indicated that no s1aning matenial left. Excess water (3 ml) was then added to the reaction mixiure.
The mixture was stirred for additional 12 h at room temperature, then extracted with ether {3 x 20 ml). The combined ether
layers were dried over MgSO4 and concentrated. Silica gel chromatography (hexane-ethyl acetate, 4:1) gave a solid compound
11 (25 mg, 48%). Method B: To a sotution of compound 10 (36 mg, 0.072 mmol) in absolute ethanol (10 ml) was added
25% ammonia solution (2ml, 26 mmeoi). The reaction mixiure was stirred at room temperature in dark for 20 h, then was
concentrated by a rotary evaporator. Silica gel chromatography (hexane-ethyl acetate, 4:1) gave a solid compound 11 (7.02
mg, 32.6%); ir (CHCl3) 3470, 1600, 1580, 1500 cmt; H nmr (400 MHz, CDCla} 8 3.77 (s, 3 H), 6.30 (d, ] = 3.6 Hz, |
H), 6.56 (deformed triplet, § H), 6.84 (d, ] = 8.8 Hz, 2 H}, 6,87 (broad s, 1 H), 7.03 (d, J = 3.6 Hz, 1 H), 7.76 (d, } = 8.8
Hz, 2 H), 8.42 (broad s, 1 H); ms m/z (relative intensity) 276 (M+, 100), 171 (9), 105 {(45); hrms m/z 276,0562 (caled for
C13H | 2N2018 @ 276.G369).

1-(p-Methoxyphenylsulfonyl}-5-methyl-1,3-dihydropyrrelo{ 3,4-blpyrrole 12

To a solution of compound 9 (41 mg, 0.082 mmol} in absolute ethanol (10 ml) was added 40% methylamine (2ml, 23
mmol). The reaction mixture was stizred at room temperature in dark for 30 h, then was concentrated by a rotary evaporator.
Silica gel chromatography (hexane-ethyl acetate, 4:1) gave a sotid compound 12 (11 mg, 47%); ir {CHCl3) 1595, 1575, 1495
em!; TH nmr (400 MHz, CDCI3) 8 3.76 (s, 3 H), 3.80 (5, 3 H), 6.25, 6.26 (d, ] =3.6 Hz, } H), 6.39 (d,J = 1.6 Hz, |
H}, 6.72 (d,J=1.6Hz, 1 H), 6.86 (d, ] =8.8 Hz, ZH), 6.98 (d,J = 3.6 Hz, 1 H), 7.77 (d, ) = 8.8 Hz, 2 H); ms m/z
(relative intensity) 290 (M*, 100), 278 (46), 171 (19), 119 (27); hrms m/z 290.0721 (caled for Cr4H 4N7013S : 290.0725).
1-(p-Methoxyphenylsulfony])-5-benzyl-1.53-dihydrepyrrote(3.4-p)pyriole 13

To a solution of compound 9 (40.4 mg, (.11 mmol) in 95% ethanol (8 ml) was added benzylamine (98 mg, 0.92 mmol}. The
reaction mixture was stirred at room temperature in dark for 24 h, then was concentrated by a rotary evaporator. Silica gel
chromatography (hexane-ethyl acetate, 4:1) gave compound 13 (14.9 mg, 50%). Recrystallization (ethyl acetate-hexane) gave
13 as white crystals: mp 128-129°C; ir (CHCl3) 1590, 1585 crn ! 'H nmr {100 MHz, CDCl3) 8 3.79 (5, 1 H), 5.12 (5,2
H), 624 (d,J =3 Hz, | H), 6.46 (d, ] =2 Hz, 1 H), 6.78-7.33 {m, 9 H), 7.73 {d, ] = 9 Hz, 2 H); ms m/z (relative
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intensityy 366 (M*, 100}, 195 {13); hrms miz 366.1039 {calcd for CapHigN2018S : 366.1038).
1-(p-Methoxyphenylsuifonyl)-5-phenyl-1.5-dihydropyrmolo| 3.4-plpyrrote 14

To a solution of compound 9 (38 mg, 0.076 mmol) in 95% ethanol (10 ml) was added aniline (21 mg, 0.23 mmol). The
reaction rnixture was stirred at rpoom temperature in dark for 48 h, then was concentrated by a rotary evaporator, Silica gel
chromatography (hexane-ethyl acetate, 4:1) gave compound 14 (15,6 mg, 61%). Recrystallization (ethyl acetate-hexane) gave
14 as pale yellow crystals: mp 127-128°C; ir (CHCI3) 1595, 1585, 1500 emct; tH nmr (90 MHz, CDCl3) & 3.73 (s, 3 H),
6.24(d,J =3 Hz, 1 H), 6.75-6.90 (m, 3 H), 6.98 (d, ] = 3 Hz, 1 H), 7.10-7.50 {m, 6 H), 7.75 (d, ] =9 Hz, 2 H); ms m/z
(relative intensity) 352 (M*, 100}, 181 (27); hrms m/z 352.0898 (calcd for Cot16N2038 1 352.0882). Anal. Calcd for
C19H16N2013S: C, 64.76; H, 4.58; N, 7.95. Found: C, 64.33; H, 4.61; N, 7.78.

Dimethyl ]1-(p-Methoxyphenvlsulfony!)-4,7-dihydro-§-benzylindole-4.7-iming-5.6-dicarboxylate 15

Compound 13 (8.9 mg, 0.024 mmol}, dimethyl acetylenedicarboxylate (4.1 mg, 0.028 mmol) and benzene (2 ml) were
stirred at toom temperature for 4 h. The solvent was evaporated and the residue was separated by silica gel chromatography
(hexane-ethy acetate, 4:1) to give compound 15 as a colorless vii (10.9 mg, 84%); ir (CHCl3) 1720, 1660, 1590 cm-1; 1H
nmr (100 MHz, CDCl3) 6 3.58 (s, 2 H), 3.67 (s, 3 H), 3.70 (s, 3 H), 3.79 (s, 3 H), 4.68 (d, J = 1.5 Hz, 1 H), 4.99 (broad
s,1H),6.21(d,]=29Hz, 1 H),675(d,)=29Hz, 1 H), 687 (d,T=9.1Hz, 2H), 7.03-730 (m, 5 H), 7.73 (d, ] =
9.1 Hz, 2 H); ms m/z (relatve intensity) 508 (M*, 2), 366 (100), 195 (28), 111 (94); hrms m/z 508.1306 (caled for
CagH24N201S @ 508.1304).

Dimethyl 1-(p-Methoxyphenylsulfonyl)indole-5.6-divarboxylate 17

To a solution of compound 15 (10.9 mg, 0.025 mmol) in dichloromethane (2 ml) was added a solution of MCPBA (5 mg,
0.029 mmol) in dichloromethane (2 ml}. The reaction mixture was stirred at room temperature for 1 h, then was washed with
5% aqueous NazCO3 (2 ml x 2). The organic layer was dried over Mg504 and concentrated. Silica gel chromatography
(hexane-ethyl acetare, 4:1) gave compound 17 as a colorless oil (5.3 mg, 63%); ir (CHCl3) 1725, 1590, 1585, 1500 cm-L;
1H nmr (400 MHz, CDCl3) 8 3.78 (s, 3 H), 3.88 (s, 3 H), 3.93 (s, 3 H), 670 (d, ] =3.6 Hz, 1 H), 6.88(d,J=838
Hz,2H),7.69 (d, ) =3.6Hz, 1 H), 7.81 (d, } = 8.8 Hz, 2 H), 7.88 (s, | H), 8.35 (5, 1 H); ms m/z (relative intensity) 403
(M*, 100), 201 (26), 171 (22); hrms m/z 403.0719 (calcd for C19H17NO7S : 403.0726).

Tetraethyl [(2.5-Dimethyl-3.4-pyrrolediyDdimethylene |bis(propapedioate} 19

To a solutuon of 3,4-diformyl-2,5-dimethyipyrrole 187 (0.82 g, 5.4 mmol)} in dry benzene (80 ml) were added diethyl

malonate (1.9 g, 11.9 mmol) and piperidine (0.5 ml). The mixture was heated 10 reflux for 48 h with separation of water by a
Dean-Stark apparatus. Benzene was then removed by a rotary evaporator. The residue was chromatographed on silica gel
(hexane-ethyl acetate; 6:1) 1o give compound 19 (1.65 g, 70%). Recrystallization {ethyl acetate-hexane) gave 19 as yellow
crystals: mp 95-97°C; ir (CHCl3) 3440, 1710, 1610 enrly TH nmr (400 MHz, CDCl3) 8 122, J = 7.2 Hz, 6 H), 1.29 (1, J
=7.2 Hz, 6 H), 2.09 (s, 6 H), 4.16 (q, ] = 7.2 Hz, 4 H), 4.23 (q, } = 7.2 Hz, 4 H), 7.60 (s, 2 H), 8.43 (s, 1 H); ms m/z
(relative intensity) 435 (M*, 100), 389 (46}, 343 (62); hrms m/z 435.1894 (calcd for C22Hp9NOg ;: 435.1893),

Tetraethyl {{1-Phenylsulfonyd-2,5-dimethyl-3.4-pyirolediylidimethylenelbis(propanedioate) 20

To a suspension of potassium hydride (0.127 g, 3.18 mmol) in dry THF (20 ml) was added dropwise a solution of
compound 19 (0.59 g, 1.59 mmol) in dry THF (10 ml) at -78°C. The reaction mixture was stirred at -78°C for 30 min. A
solution of benzenesuifonyl chloride (0.34 g, 1.91 mmeol) in dry THF {3 ml) was then added dropwise. The reaction mixture
was warmed up to room temperature and immediately, added water (10 mi) for quenching with external cooling. The aqueous
solution was extracted with dichloromethane (30 mi x 3). The organic layer was dried over MgS50, and concentrated. Silica
gel chromatography (hexane-ethyl acetate; 6:1) gave compound 20 as a colorless oil (0.786 g, 86%); ir (CHCl1) 1720, 1630
cml; TH nmr (400 MHz, CDCl3) 8 1.13 (t, ] = 7.2 Hz, 6 H), 1.28 (1, ] = 7.2 Hz, 6 H), 2.29 (s, 6 H), 409 (g, ] = 7.2 Hz,
4 H), 4.23 (g, ) = 7.2 Hz, 4 H), 7.44 (s, 2 H), 7.49-7.53 (m, 2 H), 7.58-7.64 (in, 3 H); ms m/z (relative intensity) 575
(M*, 95), 529 (38), 483 (19), 434 (57, 388 (100), 342 (67); hrms m/z 575.1833 (caled for CagH3aNO oS : 575.1826).
Tetraethyl [{1-Phenylsulfonyl-2,5-dibromomethyl-3 4-pyrroledivlidimethylene [bis(propanedioate) 21

To a mixture of compound 20 (0.53 g, 0.92 mmol} and N-bromosuccinimide (0.36 g, 2.02 mmol) in carbon tetrachloride (40
ml) was added dibenzoyl peroxide (50 mg}. The reaction mixtute was heated to reflux for 2 h, then was diluted with
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dichloromethane (20 ml), and washed water (2 % 20 ml) and brine (30 ml). The aqueous layers were extracted with
dichloromethane (3 x 30 ml). The combined organic layers were dried over MgS804 and concentrated. Silica gel
chromatography (hexane-ethyl acetate, 4:1) gave a soild compound 21 (0.57 g, 85%); ir (CHCl3), 1730 cm-1; 1H

nmr (400 MHz, CDC13) 6 1.14 (1, J = 6.8 Hz, 6 H), 1.30 (1, ] = 6.8 Hz, 6 H), 4.12(q, ) = 6.8 Hz, 4 H},4.28 (q, I = 6.8
Hz, 4 H}, 4.74 (s, 4 H), 7.44 (s, 2 H), 7.53-7.57 {m, 2 H), 7.64-7.68 (m, 1 H}, 7.91-7.93 (m, 2 H); ms m/z (relative
intensity) 731 (M*, 0.8), 733 (M+2, 0.8}, 652 (11), 654 (11), 572 (89), 432 (100).
4-Phenylsulfonyl-4,6-dihydro-2H-dipvrrolo{3.4-b;3' .4"-dlpyrrole 22

To a sotution of compound 21 (93.2 mg, 0.127 mmel) in absolute ethanol {10 ml) was added 25% ammonia solution (2ml,
26 mmol). The reaction mixture was stirrred at room 1emperature in dark for 20 h, then was concentrated by a rotary
evaporator, Silica gel chromatography (hexane-ethyl acetate; 4:1) gave a soild compound 22 (12.7 mg, 35%); ir (CHCl3)
3470, 1580, 1500 cm™1; 1H nmr (400 MHz, CDCl3) 8 6.60 (1, ] = 2.1 Hz, 2 H), 6.92 (1, ] = 2.3 Hz, 2 H), 7.22-7.31 (m, 2
H),743(,J=72Hz, 1 H),7.76 (d, J= 7.6 Hz, 2 H), 8.00 (broad s, 2 H); ms m/z (relative intensity) 285 (M*, 11), 157
(100); hrms m/z 285.0583 (caled for C14H11N3028 : 285.0572).

4-Phenylsulfonyl 2,6-dibenzyl-4.6-dihydro-2H-dipyrrolof 3.4-b; - rrole 23

To a solution of compound 21 (124.8 mg, 0.17 mmol) in 95% ethanol (10 ml} was added benzylamine {55 mg, 5.12 mmol).
The reaction mixture was stirred at 35°C in dark for 18 h, then was concentrated by a rotary evaporator. Silica gel
chromatography (hexane-ethyl acetate; 4:1) gave compound 23 (26 mg, 34%). Recrystallization (ethyl acetate-hexane) gave
23 as white crystals: mp 212-213°C dec.; ir (CHCI3} 1600, 1580, 1540, 1530 cm! ; 1H nmr (400 MHz, CDCl3) § 5.06 (s,
4H),643(d,J=1Hz, 2H),682(d,I=12Hz, 2H),7.03(d,J=7.6Hz, 4 H),7.21-7.31 {(m, 9 H), 7.64 (d, T = 8 Hz,
2 H); ms m/z (relative intensity) 465 (M*, 100), 324 (69); hrms m/z 465.1499 (caled for CogH23N3028 1 465.1511).
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