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[6°,57:4,5][3",2":4,5)DITHIENO[2,3-b"2,3-b]DIPYRROLIZINE
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Abstract - A synthesis for two new polycyclic heterocyclic ring systems
is reported. Cyclization of pyrrolidinocarboxamide derivatives of ethyl 3-
{pyrrol-1-yl)thieno[2,3-b]pyridine-2-carboxylate {4) and ethyl 3,5-
di{pyrrol-1-yl)dithieno[3',2'-e:2,3-b]pyridine-2 B-dicarboxylate {11) afford
iminium salts that were transformed into the new heteropolycyclic
compounds (6) and (13), respectively.

As a part of our research programme’ aimed at the preparation of novel thiophene-fused
heterocycles of therapeutical significance, we report on the synthesis of two heteropolycyclic
compounds including a new ring system, namely pyrido[3',2":4,5]thienc[2,3-b]pyrrolizine and
pyrido[6',5":4,5](3",2":4,5]dithieno[2,3-b":2,3- b|dipyrrolizine (6 and 13, respectively).

Recently, thiophene derivatives, which are both commercially available drugs and agents under
clinical investigation, were the subject of a comprehensive review.? Many compounds containing
the pyridothieno ring system are known to have interesting pharmacological properties. Such
derivatives possess antianaphilactic,® antiinflammatory,4 anaigesic,® antipyretic,®
hypocholesterolemic,” antibacterial® or antiallergic?® activity. In adition, some of them have good
vasodilating and hypotensive properties,'? irhibit piatelet agregation'' or possess potential
antineoplastic activity.'2 Cn the other hand, a number of heterocyclic compounds containing the
pyrrolo moitey reportedly exhibit major pharmacological activity especially as antitumour'® and
anxiolytic and antipsychotic'4 agents. All these properties aroused our interest in  synthesing new
heterocyclic compounds including both pyridothieno and pyrrolo moieties. With suitable
substituents, these structures allow different derivatives related to compounds of biological and
pharmacological interest to be obtained.

The synthesis of the title compound (6) was accomplished by starting from 2-chloro-3,5-dicyano-6-
ethoxy-4-phenylpyridine (1)'5 and using the procedure summarized in the Scheme 1. The
thiophene ring was added on the pyridine ring by condensing 1 with ethyl 2-mercaptoacetate in
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the presence of an equimolecular amount of potassium carbonate in refluxing ethanol to give the
2-ethoxycarbonylmethylthiopyridine-3-carbenitrile (2), which, on refluxing with ethanol in the
presence of excess anhydrous potassium carbonate, underwent Thorpe-Ziegler cyclization to yield
ethyl 3-amingthieno[2,3-b]pyridine-2-carboxylate (3). This amine {3) was also obtained directly
trom 1 and ethyl 2-mercaptoacetate using excess of potassium carbonate.
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Reaction of ethyl 3-aminothieno[2,3-b]pyridine-2-carboxylate (3) with 2,5-
dimethoxytetrahydrofuran in acetic acid according to the Clauson-Kaas method'® gave ethyl 3-
{(pyrrol-1-yhthieno[2,3-blpyridine-2-carboxylate (4), which, an prolonged refluxing in pyrrolidine 17
afforded the N-pyrrolidinoamide (5). A concomitant displacement of the ethoxy substituent by the
pyrrolidine moiety in the resulting product {5) was alsc observed. Bischler-Napieralski cyclization
of this compound in boiling phosphorus oxychloride yielded an iminium sall that was hydrolyzed to
the expectéd tetracyclic ketone (6) by the action of aqueous sodium hydroxide according to the
Rault procedure.'8 The starting material for the synthesis of the desired heteropolycyclic compound
pyride[6',5":4,5][3',2":4,5]dithieno{2,3-b"2,3-b]dipyrrolizine (13) was 2,6-dichloro-3,5-dicyano-4-
phenylpyridine (9) which was synthesized as shows in Scheme 2.

The readily available 2-amino-3,5-dicyano-5-hydroxy-4-phenylpyridine {7)'S was transformed into
the corresponding chloroderivative (8) by using phosphory! chloride. Treatment of 8 with isoamy!
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nitrite and copper(ll) chloride in acetonitrile at 65°C yielded the desired 2,6-dichloro derivative (9).
Reaction of this compound with ethyl 2-mercaptoacetate and subsequent base-promoted
intramolecular ring formation afforded the ortho-aminothienopyridinecarboxylate (10) in 81%
yield. Condensation of this compound with 2,5-dimethoxytetrahydrofuran in acetic acid under
reflux, gave ethyl 3,5-di{pyrrol-1-yl)dithienc[3',2"-e:2,3-b]pyridine (11} as the main compound.
After removal of acetic acid, treatment of 11 with pyrroliding gave the amide (12). Cyclization with
phasphoryl chloride and subsequent hydrolysis of the intermediate iminium salt with aqueous
sodium hydroxide afforded the desired polycyche derivative (13). The reactions involved and
results abtained are shown in Scheme 2.

The presence of the pyrrolizidine moiety makes pyndothienopyrrolizine derivatives (6 and 13)
interesting as potential antitumour agents. In fact, several natural substances belonging to the
pyrrolizing class?9.20 and other related heteropolycyclic compounds of pharmaceutical interest are
antineoplastic agents that may be selective for hypoxic cells in solid tumours.21-

EXPERIMENTAL SECTION

All reagents used were commercial grade chemicals from freshly opened containers. Melling points were determined on a Buchi 510
apparatus and are reported uncorrected. Ir spectra were recorded on potassium bromide disks on a Perkin-Elmer 383

spectrophotometer. 'H and Y3C nmr spectra were obtained on a Bruker AG200F instrument at room temperature. Mass spectra were
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obtained at 70 eV by using a VG4 spectrometer. The silica gel 80 HF 354,465 used for analytical thin layer chromatography and the
silica gel 60 (230-400 mesh) employed for medium-pressure chromatography { mple ) were purchased from Merck. Microanalyses for

C, H, and N were performed by the Elemental Analyses General Service of the University of La Corufa.
6-Ethoxy-2-ethoxycarbonyimethylthio-4-phenylpyridine-3,5-dicarbonitrile (2)

A solution of 2-chloro-8-ethoxy-4-phenylpyridine-3,5-dicarbonitriie (1, 1.20 g, 4.23 mmol), ethyl 2-mercaptoacetate (0.55 ml, 5.07
mmol) and NapGOg In ethanol (40 ml) was refluxed for 1¢ min. After cooling, the solid was filtered off and recryatallized from
athanol/acetone to yield 2 {0 91 g, 70%); mp 132-134 °C. *H Nmir (CDClz} & 1.28 (t, 3H, J = 7.1 Hz, GHg); 1.47 {t, 3H, J = 7.1 Hz, CHg);
3.99 (s, 2H, SCH,); 4.26 (g, 2H, J = 7.1 Hz, OCHa); 4.56 {g, 2H, J = 7.1 Hz, OCH,); 7.50-7.58 (m, &H, CgHis). 13C Nmr (CDCly) 8: 14.0
{CHg); 14.2 {CHg); 32 9 (SCH,); 62.1 {OCHy); 65.0 (OCH5); 92 6, 99.6 (C-3, C-5); 113.3 (CN);"113.8 (CNY; 128.4, 129.0, 131.1, 132.3
(CeHs); 159.4 {C-2); 164.3; 166.8, 167 8. Ir (KBr): 2220 {(CN); 1750 (CO), 1550; 1340. Ms (DEI, 70eV) m/z (%): 367 (M*, 32); 338 (30);
320 {15); 254 (18}; 266 {100); 185 (43). Anal Caled for CigH,;N3035" C, 62.11; H, 4.66, N, 11.43. Found: C, 62.23; H, 4.54; N, 11.50

Ethyl 3-amino-5-cyano-6-ethoxy-4-phenylthieno{2,3-blpyridine-2-carboxyiate (3)

A solution of 2 (0,40 g, 1.1 mmol} and K,CO5 {0.18 g, 1 3 mmol} in ethanol {10 ml) was refuxed for 1 h The solid was filtered off and
recrystallized from ethanal/acetone 1o yisld 3 (0.36, 30%), mp 244-246°C. "HNmr (CDCly) 8: 1.36 (t, 3H, J = 7.1 Hz, CH3); 1.50 {t, 3H, J
= 7.1 Hz, CHg); 4.30 (q, 2H, J = 7.1 Hz, OCHy); 4.61 (g, 2H, J = 7 1 Hz, CCHy); 5.50 {br s, 2H, exchangeable with DO, NH,); 7.42-7 64
{m, 5H, CgHg) 13C Nmr {CDCly) 5: 14 2 (CH,); 14.4 (CHg), B0.5 (OCH,); 64 2 (OCH,); 95.3 (C-5); 114.2 (CN); 116.9 (C-3a), 128.2,
129.4, 130.5, 133.1 (CqHs): 147.5 (C-3), 153.6 (C-73), 162.8, 163.6, 165.1 {C-4, C-6, CO). Ir (KBr}: 3380 (NH); 3500 {NH); 2220 (CN);
1660 (CO); 1600; 1550; 1340. Ms (DEI, 70eV) miz {%). 367 (M*, 65); 339 (17); 320 (15), 292 {100); 264 (29}; 236 {32) Anal. Caled for
CugHy7N3OsS: C. 62.11: H, 4.66; N, 11.43 Found: C, 62 20, H, 4.45, N, 11.40 '

Ethyl S-cyano-6-ethoxy-4-phenyl-3-(pyrrol-1-yljthieno[2,3-b]pyridine-2-carboxylate {4}

A solution of 3 (1.02 g, 2.72 mmol} and 2,5-dimethoxytetrahydrofuran (0.53 ml, 4.08 mmol) in acetic acid (11 ml) was refluxed for 30
min. After cocling, the solid was filtered off and recrystallized from ethanol 1o yield 4 (0.90 g, 78%), mp 168-170°C ‘}-i Nmr (CDClg) &
118 (t, 3H, J = 7.1 Hz, CHz}; 1.51 {1, 3H, J = 7 0 Hz, CHg); 4.48 (g, 2H, J = 7.1 Hz, OCH,); 4.64 {q, 2H, J = 7.0 Hz, OCHj); 5.78 {1, 2H, J
= 2.1 Hz, Hpyrrol); 6.22 (1, 2H, J = 2.2 Hz, Hpyrro); 7.01-7 30 {m, 5H, CgHs). 13C Nmr (QDCIg) §:13.9 (CHa}, 14.3 (CH3): 61.9 (OCH2);
84.5 (OCHy); 97.7 (C-5); 1094 (CH); 114.2 ({CN}); 121.6 (C-3a), 122 0 (NCH}), 125.4 {C-2); 127.2, 128 1, 129.0, 132.1 (CgMs), 136.8 (C-
3); 155.2 {C-7a); 160.3, 161.4, 162.5 {CO, C-4, C-6) Ir (KBr). 2220 {CN), 1700 (CO), 1550; 1480, 1340. Ms (DE|, 70 eV} miz (%): 417
{M*, 100); 344 (38); 317 (59); 316 (67); 286 (42); 272 (13). Anal. Calcd for CpyH gN3O43: €, 66.17; H, 4 59; N,10 07 Found: C, 66.32;
H, 4.42; N,10.15.

4-Phenyi-2-(pyrrolidine-i-carbonyl)-6-(pyrrolidin-1-yl}-3-(pyrrol-1-yl}thieno[2,3-b}pyridine-5-carbonitrile (5}

A solution of 4 (1 02 g, 2.44 mmol) in pyrrclidine (8.5 ml) was refluxed for 24 h The solvent was removed under reduced pressure and
purified by mplc  using CH,Cl/EtOH (99°1) as eluent 1o yield 5 (1 01 g, 89%}, mp 237-239°C. 'H Nmr (CDCly) &: 1.52-1.77 (m, 4H,
CHy CH, CHz CH); 1.98-2.04 (m, 4H, CH, CHo. CHo CH,); 2.65 (1, 2H, J = 6.5 Hz, N-GHy); 3.41 (t, 2H, J = 7.0 Hz, N-CH,); 3.81-3.88 {m,
4H, N-CH), 568 (1, 2H, J = 2.1 Hz, Hpyrrol); 6.20 {t, 2H, J = 2.0 Hz, Hpyrrol}, 7.02-7.25 (m, 5H, CgHz) 13C Nmr (CDCl3) & 24.0 (CHp);
25.5 (CHj); 25.8 [CHy); 45.8 {CH,); 47.3 (CHa): 49.9 {CH,): 99,4 (C-5), 109.2 (CH); 116.2 (CN); 117.7, 125.4, 120.2 (C-2, C-3, C-3a);
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121.0 (NCH); 127.9, 128.9, 133.6 (GgHs); 153.9 (C-8); 155.6 (C-7a); 161.1, 163.2 (GO, C-4) Ir (KBr): 2220 (CN); 1630 (COY; 1550;
1480; 1430. Ms (DEI, 70 V) miz (%): 467 (M+, 38}; 398 (62); 369 (44), 341 (26). Anal. Caled for CpyHpgNsOS: C, 69.35; H, 5,39 N,
14.98. Found: C, 69.50; H, 5 51; N, 15.14.

3-Cyano-9-oxo-4-phenyl-2-(pyrrolidin-1-yl)pyrido[3',2':4,5]thieno[2,3-b]pyrralizine (6)

A solution of 5 {0 32 g, 0.68 mmal), POCIy (2 mi, 7.8 mmol} in CH,Cl, (5 ml) was refluxed for 35 h The reaction mixture was allowed to
stand overnight at room temperature. The mixture was cooled, following the addition of CH,Cl (10 ml) and then poured into 50 ml of
25% aqueous KOH. The mixtura was extracted twice with 30 ml portions of CH,CI, and the organic layer was washed with water and
10% HC\, then was dried over anhydrous sodium sulfate. The solvent was removed under reduced pressure and putified by mple
using CHLCl, as eluent to yield 8 { 0.21 g, 83%), mp »300°C. *H Nmr{CDCl3) &: 2.04 (m, 4H, Hpymolidine); 3.89 (m, 4H, Hpyrrolidine);
4,06 (d, 1H, J = 2.8 Hz, H-8); 6.63 (dd, 1H, J = 3.7, J = 2.8 Hz, H-7); 6.52 (dd, 1M, J = 3.7, J = 0.8 Hz, H-6}; 7.41-7.64 (m, 5H, CgHs).
13C Nmr (CDGCly) 8: 25.6 (CHy); 50.0 (CHy); 92.1 {C-3); 111.3 (CN); 113.0 (CH); 115.7(CH;, 117.0; 118.8; 123.3 (CH); 128 2, 130.0,
130.5, 134.5 (CgHs); 136.0; 146 1; 153.0 (C-10a); 154.5 (C-2); 170.2, 175.2 (CO, C-4) Ir (KBr): 2220 (CN), 1670 (CO); 1550; 1440. Ms
(DE, 70 eV} m/z (%): 396 (M*, 100); 395 (47); 368 {25); 341 (12). Anal. Calcd for CpqHgN,OS: C, 69.68; H, 4.07; N, 14.13. Found: C,
69.58; H, 3.91; N, 13.98.

2-Amino-6-chloro-4-phenylpiridine-3,5-dicarbonitrile (8)

A solution of 7 (1.0 g, 1 29 mmol), PCl5(0.27 g, 1.29 mmeol) in POCI3 (20 ml) was refluxed for 24 h. The solvent was removed under
reduced pressure following the addition of ice (200 g). The solid was filtered off and purified by mplc  using CHaCly as eluent to yield 8
{0.3 g, 33%}, mp 194-198°C. 'H Nmr (GDCly} 8: 7.58 (s, 5H, CgHs): 8.35 {br s, 2H, NHz} pprn. 13C NMR (CDCly) 5. 89.7 {C-CN); 114.4
(CN); 115.0 (CN); 128.4, 128.8, 130.7, 133.6 {CgHs): 155.3 (C-6); 160.3; 160.5 Ir (KBr) 3400 (NH); 3200 (NH); 2220 {CN); 1650. Ms
(DEL, 70 6V) m/z (%): 254 (M*, 100); 219 (40}; 192 (11); 165 (59). Anal. Caled for Cy3H;N,CI: C, 61.31, H, 2 77; N, 21.99. Found: C,
61,20; H, 2,96; N, 22.11.

2,6-Dichloro-4-phenylpiridine-3,5-dicarbonitrile (9)

To a rapidly stirred mixture of anhydrous copper(ll) chloride (0 19 g, 1.41 mmal), i-amyi ninte (0.21 g, 1 79 mmol} in anhydrous
acetonitrile (20 ml) 8 (0.3 g, 1.18 mmol) was added. The reaction was heated at 65°C for 5 h. After the mixiure was cooled, the reaction
solution was poured into 30 mi of 20% aqueous hydrachloric acid. The solid was filtered off and putfied by MPLC using CH2Cly as
eluent 1o yield 8 (0 2 g, 63%), mp 204-206°C. TH Nmr (CDCly) & 7.54-7 68 (m, 5H,CgHs). 13G Nmr (CDClg) 5: 110 0 (C-3%; 112.4 (GN);
1285, 120.5, 131.1, 132.2 (CgHg): 156 0 (G-2); 161.1 {C-4). Ir (KBr} : 2220 {CN), 1530; 1350; 1100 Ms (DE|, 70 eV) m/z (%): 273 (M*,
100); 238 (30); 237 (90); 211 (10); 202 (52). Anal, Caled for C,3HsN3Cla: C, 56.94; H, 1 84, N, 15.33 Found. C, 57.13, H, 1 70, N,
15.45,

Ethyl 3,5-diamino-4-phenyldithieno[3',2'-0:2,3-b]pyridine-2,6-dicarboxylate (10}

A solution of 8 (4.0 g, 14.6 mmol), ethyl-2-mercaptoacetate (3 15 mi, 32.1 mmol) and NapCOs {3 g, 28,2 mmod) in ethanol/ THF (21, 150
ml) was refluxed for 48 h. Ater cooling, the solid was filtered off and recrystallized from ethanol/ CH.Cly to yield 10 (5.2 g, 81%); mp
>300°C."H Nmir (CDCl3} 8: 1.35 {t, 6H, J = 7.2 Hz, 2CHy); 4.31 (g, 4H, J = 7.2 Hz, 20CH,); 5.42 (br s, 4H, 2NHp); 7 54-7.68 (m, 5H,
CgHs). '3C Nmr (CDCly) 8: 14.4 (CHg); 60 6 (OCHs); 96.2 (C-2), 119.6 (C-3a); 128.4, 129.6, 130.5, 133.0 (CgHs); 143 0, 148.1 (C-3, C-
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7a); 162 1, 165.5 (C-4, CO). Ir (KBr): 3495 (NH), 3400 (NH); 1680 (CC); 1600; 1530; 1350. Ms (DE|, 70 oV} m/z (%): 441 (M*, 100); 413
(13); 395 (14); 394 {46), 366 (12), 204 (11} Anal. Caled for CpqHigN304Sa: G, 57 11; H, 4 33; N, 9.52. Found: G, 67.02; H, 4.19; N,
9.41,

Ethyl 3,5-di{pyrrol-1-yi}-4-phenyldithieno[3",2'-a:2,3-b]pyridine-2,6-dicarboxylate (11)

A solution of 10 {0.2 g, 0.45 mmol} and 2,5-dimethoxytetrahydrofuran (0.17 ml, 1.36 mmol} in acetic acid {30 mf) was refluxed for 3 h.
After cooling, the solid was filtered off and recrystallized from ethanol/CH,Cl; to yield 11 (0.24 g, 98%), mp 276-277°C. 'H Nmr
{CDCl3} & 1.17 (1, 6H, J = 7.2 Hz, 2CHg); 4.19 (g, 4H, J = 7.2 Hz, 20CH,); 5.74 (t, 4H, J = 2.0 Mz, 4Hpyrrol); 6.13 {t, 4H, J = 2.1 Hz,
4Hpyrrol); 6.69-6.94 (m, 5H, CgHs). 1%C Nmr (CDCly} &: 13.8 (CHy); 62 0 (OCHg); 100.0 {CH); 122.3 (NCH), 125.5 (C-2); 127 1, 127.2,
1283, 130 1 (CgHg), 137.0 (C-3), 146.7 (C-7a); 159.8 (CO); 160.6 (C-4). Ir (KBr): 1730 (CO). Ms (DEI, 70 8V) m/z {%): 541 (M*, 98);
422 (10}, 387 (20); 393 (17}; 224 (13). Anal. Caled for CagHpaN3048,p" C, 64 31, H, 4.28; N, 7.76. Found. C, 64.19; H, 4.35; N, 7.67.

4-PhenyI:2,6-di(pyrrolidine-1-carbonyl)-s,s-di(pyrrol-1-yl)dithiano[a',2'-e:2,3-b]pyridine {12)

A solution of 11 {0.12 g, 0.22 mmol} in pyrrolidine {6 ml) was refluxed for 1 5 h After cooling, the solid was filtered off and
recrystallized from ethanol/CHoCly 1o yield 12 (0.13 g, 95%), mp =300°C. *H Nmr (CDCly) 8: 1.54-1.74 (m, 8H, 2CH,-CHy); 2.82 (t, 44,
J = 6.5Hz, N-CHp), 3.40 (1, 4H, J = 8.9 Hz, N-CHy), 5 66 (1, 4H, J = 2 1 Hz, 4Hpyrrol}, 6.16 {t, 4H, J = 2 1 Hz, 4Hpyrrol); 6.63-6.97 {m,
5H, CgHs). C Nmr (CDCly) 8. 24.0 (CHg); 25.3 (CHa); 45.7 (CHp); 47.8 (CHa); 109.0 (CH): 121.2 (NCH); 122.8, 129.2, 132.2 {c-2, C-3,
C-3a); 126.9, 127 1, 127 3, 131.3 (CgHy); 142.9 (C-7a): 158.2 {CO); 160 8 (C-4). Ir (KBr)' 1620 (CO); 1555; 1525; 14B0; 1440. Ms
(DEI, 70 8V} m/z (%): 591 (M*, 13); 522 (8); 453 (15); 396 {10). Anal. Calcd for CaaHagNs02S,: C, 66.98; H, 4.94; N,'11.8§5. Found: C,
67.06;H, 474; N, 11 72.

10,13-Dioxo-5-phenylpyrido[6',5':4,5][3',2':4,5]dithieno{2,3-5"2,3-b)dipyrrolizine {13)

A solution of 12 (0 1 g, 0 16 mmol) in POCi; (5 ml) was refluxed for 36 h The sclvent was removed under reduced pressuie following
the addition of CHCl, (10 mi) and ice {100 g), then poured inte 25 ml of 25% aqueous KOH, The mixture was extracted twice with 30 m}
portions of CHoCl> and the organic layer was washed with water and $0% HCI, then was dried over anhydrous sodium sulfate’ The
solvent was removed under reduced pressure and purified by MPLC using CH»Cls as eluent to yield 13 ( 0. 03 g, 42%) mp >300°C Ir
{KBr): 1700 {COY, 1550 1450. Ms (DEI, 70 V) m/z (%) 448 {M*, 100), 419 (7) Anat Calcd for 025H1,N30282 C, 66.80, H, 2 47, N,
9.35. Found: C 6692 H, 259 N, 9.55.
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