
I. £ÄÇÆÇÐËÇ

±ÕÇÓËÆËÐÞ, ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞÇ Ô ÅÇÕÇÓÑÙËÍÎËÚÇÔÍËÏ
âÆÓÑÏ, ì ÑÆÐÂ ËÊ ÑÔÑÃÑ ÊÐÂÚËÏÞØ, ÐÑ, ÍÂÍ ÐË ÔÕÓÂÐÐÑ, ÏÂÎÑ
ËÊÖÚÇÐÐÞØ ÅÓÖÒÒ ÒÕÇÓËÆËÐÑÄ. ³ÑÇÆËÐÇÐËâ àÕÑÅÑ ÓâÆÂ ÄÞÒÑÎ-
ÐâáÕ ÄÂÉÐÞÇ Ë ÓÂÊÐÑÑÃÓÂÊÐÞÇ ÃËÑÎÑÅËÚÇÔÍËÇ ×ÖÐÍÙËË. ´ÂÍ,
ÍÑ×ÂÍÕÑÓÑÏ ÏÐÑÅÑÚËÔÎÇÐÐÑÅÑ ÔÇÏÇÌÔÕÄÂ ÏÑÎËÃÆÇÐÔÑÆÇÓÉÂ-
ÜËØ ×ÇÓÏÇÐÕÑÄ ÔÎÖÉËÕ ÏÑÎËÃÆÇÐÑÄÞÌ ÍÑÏÒÎÇÍÔ 1 (Moco), Ä
ÍÑÕÑÓÑÏ ÆËÂÐËÑÐ ÏÑÎËÃÆÑÒÕÇÓËÐÂ 2 (ÇÐ-1,2-ÆËÕËÑÎÂÕ)
âÄÎâÇÕÔâ ÅÎÂÄÐÞÏ ÎËÅÂÐÆÑÏ.1, 2 ®ÑÎËÃÆÇÐÑàÐÊËÏÞ ÐÇÒÑ-
ÔÓÇÆÔÕÄÇÐÐÑ ÖÚÂÔÕÄÖáÕ Ä ÑÍËÔÎËÕÇÎßÐÑ-ÄÑÔÔÕÂÐÑÄËÕÇÎßÐÞØ
ÓÇÂÍÙËâØ Ë ÍÂÕÂÎËÊËÓÖáÕ ÒÓÇÄÓÂÜÇÐËâ, ÍÑÐÇÚÐÞÌ à××ÇÍÕ
ÍÑÕÑÓÞØ ÔÄÑÆËÕÔâ Í ÒÇÓÇÐÑÔÖ ÂÕÑÏÂ ÍËÔÎÑÓÑÆÂ ÏÇÉÆÖ ÏÑÎÇ-
ÍÖÎÑÌ ÄÑÆÞ Ë ÔÖÃÔÕÓÂÕÑÏ X.

X+H2O XO+2H++2e7.

¢ÑÎßÛËÐÔÕÄÑ ËÊ ÒÑÚÕË 50 ËÊÄÇÔÕÐÞØ ÏÑÎËÃÆÇÐÔÑÆÇÓÉÂÜËØ
×ÇÓÏÇÐÕÑÄ ËÏÇáÕ ÃÂÍÕÇÓËÂÎßÐÑÇ ÒÓÑËÔØÑÉÆÇÐËÇ. £ ÄÞÔÛËØ

ÑÓÅÂÐËÊÏÂØ ÄÔÕÓÇÚÂÇÕÔâ ÎËÛß ÐÇÔÍÑÎßÍÑ ËÊ ÐËØ: ÍÔÂÐÕËÐÆÇ-
ÅËÆÓÑÅÇÐÂÊÂ, ÔÖÎß×ËÕÑÍÔËÆÂÊÂ, ÐËÕÓÂÕÓÇÆÖÍÕÂÊÂ, ÂÎßÆÇÅËÆ-
ÑÍÔËÆÂÊÂ Ë ÂÏËÆÑÍÔËÏÓÇÆÖÍÕÂÊÂ. ¯ÇÍÑÕÑÓÞÇ ÅËÒÇÓÕÇÓÏÑ-
×ËÎßÐÞÇ ÂÓØÇË (Archaea) ÔÑÆÇÓÉÂÕÏÇÕÂÎÎÑ×ÇÓÏÇÐÕÞ, Ä ÍÑÕÑ-
ÓÞØ ÏÑÎËÃÆÑÒÕÇÓËÐ ÍÑÑÓÆËÐËÓÖÇÕ ËÑÐÞ ÄÑÎß×ÓÂÏÂ.1

£ ÑÕÎËÚËÇ ÑÕ ÃÑÎßÛËÐÔÕÄÂ ËÊÄÇÔÕÐÞØ ÍÑ×ÂÍÕÑÓÑÄ ®ÑÔÑ
ÚÓÇÊÄÞÚÂÌÐÑ ÐÇÔÕÂÃËÎÇÐ Ë ÃÞÔÕÓÑ ÓÂÊÓÖÛÂÇÕÔâ ÄÐÇ ÊÂÜËÕ-
ÐÑÅÑ ÃÇÎÍÑÄÑÅÑ ÑÍÓÖÉÇÐËâ. °ÆÐËÏ ËÊ ÏÇÕÂÃÑÎËÕÑÄ ®ÑÔÑ,
ÒÓËÔÖÕÔÕÄÖáÜËÏ Ä ÏÑÚÇ ÚÇÎÑÄÇÍÂ, âÄÎâÇÕÔâ ÕËÇÐÑÒÕÇÓËÆËÐ
3a, ÐÂÊÞÄÂÇÏÞÌ ÖÓÑÕËÑÐÑÏ.3 ¿ÕÂ ÕÓËÙËÍÎËÚÇÔÍÂâ ÅÇÕÇÓÑ-
ÔËÔÕÇÏÂ ÄØÑÆËÕ ÕÂÍÉÇ Ä ÔÑÔÕÂÄ ÅËÓÖÆËÐÑËÆËÐÑÄ A, B, C
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(4a ë c), ÍÑÕÑÓÞÇ ÐÇÆÂÄÐÑ ÄÞÆÇÎÇÐÞ ËÊ ÒËâÄÑÍHirudo nipponica
Whitman, ËÔÒÑÎßÊÖÇÏÞØ Ä ÍËÕÂÌÔÍÑÌ ÏÇÆËÙËÐÇ ÆÎâ ÔÕËÏÖÎâ-
ÙËË ÍÓÑÄÑÑÃÓÂÜÇÐËâ.4

°ÆÐËÏ ËÊ ÍÑ×ÇÓÏÇÐÕÑÄ, ÒÓËÐËÏÂáÜËØ ÖÚÂÔÕËÇ Ä ÏÇÕÂÐÑ-
ÅÇÐÇÊÇ (ÃËÑÅÇÐÐÑÏ ÑÃÓÂÊÑÄÂÐËË ÏÇÕÂÐÂ), âÄÎâÇÕÔâ ÒÓÑËÊÄÑÆ-
ÐÑÇ 5,10-ÏÇÕËÎÇÐ-5,6,7,8-ÕÇÕÓÂÅËÆÓÑÏÇÕÂÐÑÒÕÇÓËÐÂ 5. ¬ ÏÇ-
ÕÂÐÑÅÇÐÐÞÏ ÔÖÃÔÕÓÂÕÂÏ, ÒÓÇÄÓÂÜÂÇÏÞÏ ÂÓØÇâÏË Ä ÏÇÕÂÐ,
ÑÕÐÑÔâÕÔâ ÏÇÕÂÐÑÎ, ÏÇÕËÎÂÏËÐÞ, ÏÇÕËÎÔÖÎß×ËÆÞ Ë CO2 .5

±Ñ ÑÙÇÐÍÂÏ ÖÚÇÐÞØ, ÏËÍÓÑÑÓÅÂÐËÊÏÞ ÒÓÑËÊÄÑÆâÕ Ä ÅÑÆ
5 . 1014 Å ÏÇÕÂÐÂ.

¤ÇÕÇÓÑÍÑÐÆÇÐÔËÓÑÄÂÐÐÞÇ ÒÕÇÓËÆËÐÞ, ÍÂÍ ÒÓÂÄËÎÑ, âÓÍÑ
ÑÍÓÂÛÇÐÞ Ë ÄÔÕÓÇÚÂáÕÔâ Ä ÒÓËÓÑÆÇ Ä ÄËÆÇ ÒËÅÏÇÐÕÑÄ. ¯ÂÒÓË-
ÏÇÓ, ×ÎÖÑÓÇÔÙËÓÖáÜËÌ ÒËÅÏÇÐÕ ÓÖÔÔÖÒÕÇÓËÆËÐ ÉÇÎÕÞÌ IV
(6) ÃÞÎ ÄÞÆÇÎÇÐ ËÊ ÅÓËÃÑÄ Russulae.6, 7 ¬ÓÂÔÐÞÏ ÙÄÇÕÑÏ ÅÎÂÊ
ÒÎÑÆÑÄÞÇ ÏÖÛÍË Drosophila melanogaster ÑÃâÊÂÐÞ ÆÓÑÊÑ-
ÒÕÇÓËÐÖ Ë ÇÅÑ àÐÂÐÕËÑÏÇÓÖ ËÊÑÆÓÑÊÑÒÕÇÓËÐÖ (7), Â ÕÂÍÉÇ
ÏËÐÑÓÐÞÏ ÒËÅÏÇÐÕÂÏ ÂÖÓÑÆÓÑÊÑÒÕÇÓËÐÖ Ë ËÊÑÂÖÓÑÆÓÑÊÑ-
ÒÕÇÓËÐÖ (8).8 ë 10

±ËÓËÆÑ[1,2-f ]ÒÕÇÓËÆËÐ 9 (ÔÖÓÖÅÂÕÑÍÔËÐ) ÄÞÆÇÎÇÐ ËÊ ÏÑÎ-
ÎáÔÍÑÄ Babylonia japonica, ÖÒÑÕÓÇÃÎÇÐËÇ ÍÑÕÑÓÞØ Ä ÒËÜÖ
ÄÞÊÞÄÂÇÕ ÑÕÓÂÄÎÇÐËÇ.11 ³ÂÏ ÔÖÓÖÅÂÕÑÍÔËÐ ÐÇ âÆÑÄËÕ, ÕÑÍÔËÚ-
ÐÞÏË âÄÎâáÕÔâ ÒÓÑÔÖÓÖÅÂÕÑÍÔËÐ Ë ÐÇÑÔÖÓÖÅÂÕÑÍÔËÐ, ÔÑÆÇÓ-
ÉÂÜËÇÔâ Ä ÕÇØ ÉÇ ÓÂÍÑÄËÐÂØ Ë ÐÇ ÑÕÐÑÔâÜËÇÔâ Í ÓâÆÖ
ÒÕÇÓËÆËÐÑÄ.

°ÕÍÓÞÕËâ, ÔÄâÊÂÐÐÞÇ Ô ÃËÑÎÑÅËÇÌ Ë ×ÂÓÏÂÍÑÎÑÅËÇÌ ÅÇÕÇ-
ÓÑÍÑÐÆÇÐÔËÓÑÄÂÐÐÞØ ÒÕÇÓËÆËÐÑÄ, ÔÕËÏÖÎËÓÑÄÂÎË ÏÐÑÅÑ-
ÚËÔÎÇÐÐÞÇ ËÔÔÎÇÆÑÄÂÐËâ, ÐÂÒÓÂÄÎÇÐÐÞÇ ÐÂ ÓÂÊÓÂÃÑÕÍÖ ÏÇÕÑ-
ÆÑÄ ËØ ÔËÐÕÇÊÂ. ²ÇÊÖÎßÕÂÕÞ àÕËØ ËÔÔÎÇÆÑÄÂÐËÌ ×ÓÂÅÏÇÐÕÂÓÐÑ
ÑÕÓÂÉÇÐÞ Ä ÑÃÊÑÓÂØ 12 ë 15, ÑÕÐÑÔâÜËØÔâ Í ÃÑÎÇÇ ÑÃÜËÏ
ÄÑÒÓÑÔÂÏ ØËÏËË ÒÕÇÓËÆËÐÑÄ. £ ÐÂÔÕÑâÜÇÏ ÑÃÊÑÓÇ ÒÓÇÆÒÓË-
ÐâÕÂ ÒÑÒÞÕÍÂ ÒÑÎÐÑÌ ÔËÔÕÇÏÂÕËÊÂÙËË ÆÂÐÐÞØ Ñ ÏÇÕÑÆÂØ
ÒÑÎÖÚÇÐËâ ÒÕÇÓËÆËÐÑÄ, ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞØ Ô ÅÇÕÇÓÑÙËÍÎËÚÇ-
ÔÍËÏ âÆÓÑÏ. ¯ÇÔÍÑÎßÍÑ ÓÂÃÑÕ Ä àÕÑÌ ÑÃÎÂÔÕË ÄÞÒÑÎÐÇÐÞ Ä
ÎÂÃÑÓÂÕÑÓËË ÂÄÕÑÓÑÄ ÆÂÐÐÑÅÑ ÑÃÊÑÓÂ. £ ÑÕÆÇÎßÐÞØ ÔÎÖÚÂâØ
ÏÞ ÔÑÚÎË ÖÏÇÔÕÐÞÏ ÒÓËÄÇÔÕË ÔÄÇÆÇÐËâ Ñ ÃËÑÔËÐÕÇÊÇ ÅÇÕÇÓÑ-
ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞØ ÒÕÇÓËÆËÐÑÄ.

ªÊÄÇÔÕÐÞÇ ÏÇÕÑÆÞ ÔËÐÕÇÊÂ ÅÇÕÇÓÑÍÑÐÆÇÐÔËÓÑÄÂÐÐÞØ ÒÕÇ-
ÓËÆËÐÑÄ ÖÔÎÑÄÐÑ ÏÑÉÐÑ ÓÂÊÆÇÎËÕß ÐÂ ÚÇÕÞÓÇ ÅÓÖÒÒÞ: 1) ÔËÐ-
ÕÇÊÞ ÐÂ ÑÔÐÑÄÇ ÒÓÑËÊÄÑÆÐÞØ ÒÕÇÓËÆËÐÂ (ÆÑÔÕÓÑÌÍÂ ÍÂÍÑÅÑ-
ÎËÃÑ ÅÇÕÇÓÑÙËÍÎÂ Í ÒÕÇÓËÆËÐÑÄÑÌ ÔËÔÕÇÏÇ); 2) ÔËÐÕÇÊÞ ÐÂ
ÑÔÐÑÄÇ ÒÓÑËÊÄÑÆÐÞØ ÒËÓËÏËÆËÐÂ (ÒÑÔÎÇÆÑÄÂÕÇÎßÐÂâ
ÆÑÔÕÓÑÌÍÂ ÒËÓÂÊËÐÑÄÑÅÑ Ë ÍÂÍÑÅÑ-ÎËÃÑ ÅÇÕÇÓÑÙËÍÎÂ); 3) ÔËÐ-
ÕÇÊÞ ÐÂ ÑÔÐÑÄÇ ÒÓÑËÊÄÑÆÐÞØ ÒËÓÂÊËÐÂ (ÒÑÔÎÇÆÑÄÂÕÇÎßÐÂâ
ÆÑÔÕÓÑÌÍÂ ÒËÓËÏËÆËÐÑÄÑÅÑ Ë ÍÂÍÑÅÑ-ÎËÃÑ ÅÇÕÇÓÑÙËÍÎÂ);
4) ÔËÐÕÇÊÞ ÐÂ ÑÔÐÑÄÇ ÅÇÕÇÓÑÂÐÐÇÎËÓÑÄÂÐÐÞØ ÒËÓËÏËÆËÐÑÄ
ËÎË ÒËÓÂÊËÐÑÄ. ¬ÂÍ ÒÓÂÄËÎÑ, àÕË ÏÇÕÑÆÞ ÐÇ âÄÎâáÕÔâ
ÑÃÜËÏË, ÒÑàÕÑÏÖ ÃÑÎÇÇ ÓÂÊÖÏÐÑÌ ÆÎâ ÐÂÔÕÑâÜÇÅÑ ÑÃÊÑÓÂ
ÒÓÇÆÔÕÂÄÎâÎÂÔß ÔËÔÕÇÏÂÕËÊÂÙËâ ÆÂÐÐÞØ ÒÑ ÕËÒÖ ÔËÐÕÇÊËÓÖÇ-
ÏÑÌ ÅÇÕÇÓÑÔËÔÕÇÏÞ.

II. ±ÕÇÓËÆËÐÞ, ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞÇ
Ô ÚÇÕÞÓÇØÚÎÇÐÐÞÏ ÅÇÕÇÓÑÙËÍÎÑÏ

ªÏÇÇÕÔâ ÇÆËÐÔÕÄÇÐÐÑÇ ÔÑÑÃÜÇÐËÇ 16 Ñ ÔËÐÕÇÊÇ ÒÕÇÓËÆËÐÑÄ
àÕÑÅÑ ÕËÒÂ. ´ÂÍ, ÒÓÑÆÑÎÉËÕÇÎßÐÑÇ ÑÃÎÖÚÇÐËÇ ÔÄÇÕÑÏ ÏÇÕÂ-
ÐÑÎßÐÞØ ÓÂÔÕÄÑÓÑÄ ÒÕÇÓËÆËÐ-2,4,7-ÕÓËÑÐÑÄ 10 Ë àÎÇÍÕÓÑÐÑ-
ÆÇ×ËÙËÕÐÞØ ÂÎÍÇÐÑÄ (ÂÍÓËÎÑÐËÕÓËÎÂ, ÏÇÕËÎÏÇÕÂÍÓËÎÂÕÂ,
ÏÇÕÂÍÓËÎÑÐËÕÓËÎÂ, ×ÖÏÂÓÑÐËÕÓËÎÂ, ÙËÐÐÂÏÑÐËÕÓËÎÂ,
ÆËÏÇÕËÎ×ÖÏÂÓÂÕÂ, 1,1-ÆË×ÇÐËÎàÕËÎÇÐÂ) ÒÓËÄÑÆËÕ Í ÑÃÓÂÊÑ-
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R1=Me, Ph; R2=H, CN, CO2Me, Ph; R3=H, Me, Ph;

R4=CN, CO2Me, Ph.
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ÄÂÐËá ÂÊÇÕËÆËÐÑ[1,2-f ]ÒÕÇÓËÆËÐÑÄ 11 Ô ÄÞØÑÆÑÏ 25 ë 95%.16

[2+2]-¸ËÍÎÑÒÓËÔÑÇÆËÐÇÐËÇ Ô ÖÚÂÔÕËÇÏ ÔÄâÊË C=N ÒÓÑÕÇ-
ÍÂÇÕ ÓÇÅËÑÔÒÇÙË×ËÚÐÑ. °ÆÐÂÍÑ Ä ÓâÆÇ ÔÎÖÚÂÇÄ ËÊ ÓÇÂÍÙËÑÐÐÑÌ
ÔÏÇÔË ÃÞÎË ÄÞÆÇÎÇÐÞ ÔÕÇÓÇÑËÊÑÏÇÓÞ ÒÓÑÆÖÍÕÑÄ 11,
ÒÓÑÔÕÓÂÐÔÕÄÇÐÐÂâ ÔÕÓÖÍÕÖÓÂ ÍÑÕÑÓÞØ ÐÇ ÃÞÎÂ ÕÑÚÐÑ ÖÔÕÂ-
ÐÑÄÎÇÐÂ.

III. ±ÕÇÓËÆËÐÞ, ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞÇ
Ô ÒâÕËÚÎÇÐÐÞÏ ÅÇÕÇÓÑÙËÍÎÑÏ

1. ±ËÓÓÑÎÑ- Ë ËÐÆÑÎÑÒÕÇÓËÆËÐÞ

°ÔÖÜÇÔÕÄÎÇÐ ÔËÐÕÇÊ ÒËÓÓÑÎÑÒÕÇÓËÆËÐÑÄ, ÑÕÐÑÔâÜËØÔâ Í
ÔÕÓÖÍÕÖÓÐÞÏ ÕËÒÂÏ I ëV, Ë ËÐÆÑÎÑÒÕÇÓËÆËÐÑÄ ÕËÒÑÄ VI, VII.

£ ËÊÄÇÔÕÐÞØ ÏÇÕÑÆÂØ ÔËÐÕÇÊÂ ÒËÓÓÑÎÑ[2,3-g]- Ë ÒËÓÓÑ-
ÎÑ[3,2-g]ÒÕÇÓËÆËÐÑÄ ÒÓÑÊÄÑÆÐÞÇ ÒÕÇÓËÆËÐÂ Ô àÎÇÍÕÓÑ×ËÎß-
ÐÞÏË ÙÇÐÕÓÂÏË ÐÂ ÂÕÑÏÂØ C(6) Ë C(7) ÔÎÖÉÂÕ ÃË×ÖÐÍÙËÑ-
ÐÂÎßÐÞÏË äÔÕÓÑËÕÇÎßÐÞÏË ÃÎÑÍÂÏËã. ±ÓË àÕÑÏ ÂÐÐÇÎËÓÑ-
ÄÂÐËÇ ÒËÓÓÑÎßÐÑÅÑ ÙËÍÎÂ ÏÑÉÇÕ ÃÞÕß ÓÇÊÖÎßÕÂÕÑÏ ÍÂÍ
ÓÇÂÍÙËË ÒÕÇÓËÆËÐÂ Ô C,N-ÆËÐÖÍÎÇÑ×ËÎÑÏ, ÕÂÍ Ë ÒÑÔÎÇÆÑÄÂ-
ÕÇÎßÐÑÅÑ ÄÄÇÆÇÐËâ ÑÔÕÂÕÍÑÄC- ËN-ÐÖÍÎÇÑ×ËÎÑÄ Ä ÒÑÎÑÉÇÐËâ
6 Ë 7 ÒÕÇÓËÆËÐÑÄÑÅÑ âÆÓÂ. ¯ÂÒÓËÏÇÓ, ÄÊÂËÏÑÆÇÌÔÕÄËÇ
ÍÂÕËÑÐÂ 8-àÕËÎÒÕÇÓËÆËÐËâ 12 Ô ÂÓËÎÂÏËÆÑÏ ÂÙÇÕÑÖÍÔÖÔÐÑÌ
ÍËÔÎÑÕÞ 13 Ä ÒÓËÔÖÕÔÕÄËË ÕÓËàÕËÎÂÏËÐÂ ÒÓËÄÑÆËÕ Í
ÒËÓÓÑÎÑ[2,3-g]ÒÕÇÓËÆËÐÂÏ 14.17 ¤ÇÕÇÓÑÙËÍÎËÊÂÙËâ 12? 14
ÒÓÇÆÔÕÂÄÎâÇÕ ÔÑÃÑÌ ÕÂÐÆÇÏÐÞÌ ÒÓÑÙÇÔÔ AN ëAN , Ä ÍÑÕÑÓÑÏ
ÍÂÕËÑÐ 12 ËÅÓÂÇÕ ÓÑÎß ÆËàÎÇÍÕÓÑ×ËÎÂ, Â ÂÙÇÕÑÂÙÇÕÂÏËÆ
(Ä ×ÑÓÏÇ C-ÂÐËÑÐÂ) ì ÆËÐÖÍÎÇÑ×ËÎÂ.

£ ÃÑÎÇÇ ÑÃÜÇÏ ÒÑÆØÑÆÇ Í ÒËÓÓÑÎÑ[2,3-g]ÒÕÇÓËÆËÐÂÏ
ËÔØÑÆÐÞÏ ÔÑÇÆËÐÇÐËÇÏ ÔÎÖÉËÕ ÎÇÅÍÑÆÑÔÕÖÒÐÞÌ 6,7-ÆËØÎÑÓ-

ÎáÏÂÊËÐ 15, Â Í ÊÂÏÞÍÂÐËá ÒËÓÓÑÎßÐÑÅÑ ÙËÍÎÂ ÒÓËÄÑÆËÕ
ÆÄÖÔÕÂÆËÌÐÂâ ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÔÕß, ÄÍÎáÚÂáÜÂâ ÔÑÚÇÕÂÐËÇ
ÑÓÕÑ-ÆËØÎÑÓËÆÂ 15 Ô ×ÇÐËÎÂÙÇÕËÎÇÐÑÏ ÒÑ ³ÑÐÑÅÂÛËÓÇ Ë
ÐÂÅÓÇÄÂÐËÇ ÑÃÓÂÊÖáÜÇÅÑÔâ ÒÓË àÕÑÏ 7-ÂÎÍËÐËÎÒÓÑËÊÄÑÆ-
ÐÑÅÑ 16 Ô ÒÇÓÄËÚÐÞÏË ÂÎÍËÎÂÏËÐÂÏË.18, 19 °ÕÏÇÕËÏ, ÚÕÑ Ä
ÐÇÍÑÕÑÓÞØ ÔÎÖÚÂâØ ÙËÍÎËÊÂÙËË 7-ÂÎÍËÐËÎ-6-ØÎÑÓÎáÏÂÊËÐÂ
16 Ä ÒËÓÓÑÎÑÒÕÇÓËÆËÐ 17 ÒÑÆ ÆÇÌÔÕÄËÇÏ ÂÏËÐÂ ÒÓÇÆÛÇÔÕÄÖÇÕ
ÑÃÓÂÊÑÄÂÐËÇ ÄÒÑÎÐÇ ÖÔÕÑÌÚËÄÑÅÑ ÇÐÂÏËÐÂ, Â ÐÇ ÑÉËÆÂÇÏÑÅÑ
ÒÓÑÆÖÍÕÂ ÊÂÏÇÜÇÐËâ ÂÕÑÏÂ ØÎÑÓÂ Ä ÒÑÎÑÉÇÐËË 6. ´ÂÍ, ÄÊÂË-
ÏÑÆÇÌÔÕÄËÇ ÔÑÇÆËÐÇÐËâ 16 Ô ÒÓÑÒËÎÂÏËÐÑÏ ÒÓË ÍÑÏÐÂÕÐÑÌ
ÕÇÏÒÇÓÂÕÖÓÇ ËÎË ÒÓË ÍËÒâÚÇÐËË ÆÂÇÕ ËÔÍÎáÚËÕÇÎßÐÑ ÇÐÂÏËÐ
18. ±ÑÔÎÇÆÐËÌ ÙËÍÎËÊÖÇÕÔâ Ä ÒËÓÓÑÎÑÒÕÇÓËÆËÐ 17a ÒÓË
ÐÇÒÓÑÆÑÎÉËÕÇÎßÐÑÏ ÐÂÅÓÇÄÂÐËË Ô K2CO3 Ä ÆËÏÇÕËÎ×ÑÓÏ-
ÂÏËÆÇ. £ ÕÑ ÉÇ ÄÓÇÏâ ÍËÒâÚÇÐËÇ ÒÓÑËÊÄÑÆÐÑÅÑ 16 Ô ÃÖÕËÎ-
ÂÏËÐÑÏ ÒÓËÄÑÆËÕ ÐÇÒÑÔÓÇÆÔÕÄÇÐÐÑ Í ÔÑÇÆËÐÇÐËá 17b.
°ÚÇÄËÆÐÑ, ÆÂÐÐÞÌ ÏÇÕÑÆ ÒÑÊÄÑÎâÇÕ ÄÂÓßËÓÑÄÂÕß ÍÂÍ N-, ÕÂÍ
Ë C-ÊÂÏÇÔÕËÕÇÎË Ä ÒËÓÓÑÎßÐÑÏ âÆÓÇ.

£ ÑÔÐÑÄÇ ÔËÐÕÇÊÂ ËÊÑÏÇÓÐÞØ ÒËÓÓÑÎÑ[3,2-g]ÒÕÇÓËÆËÐÑÄ 19
ÎÇÉËÕ ÔÒÑÔÑÃÐÑÔÕß ÒÕÇÓËÆËÐÑÄ Ô ÐÇÊÂÏÇÜÇÐÐÞÏË ÂÕÑÏÂÏË
C(6) ËÎË C(7) ÄÔÕÖÒÂÕß Ä ÓÇÂÍÙËË ÐÖÍÎÇÑ×ËÎßÐÑÅÑ ÂÓÑÏÂÕËÚÇ-
ÔÍÑÅÑ ÊÂÏÇÜÇÐËâ ÄÑÆÑÓÑÆÂ. ´ÂÍ, ÑÍËÔÎËÕÇÎßÐÑÇ ÂÎÍËÎÂÏËÐË-
ÓÑÄÂÐËÇ 6-ÂÎÍËÐËÎÎáÏÂÊËÐÑÄ 20 ÔÑÒÓÑÄÑÉÆÂÇÕÔâ ÔÂÏÑ-
ÒÓÑËÊÄÑÎßÐÞÏ ÊÂÏÞÍÂÐËÇÏ ÒËÓÓÑÎßÐÑÅÑ ÙËÍÎÂ Ä ÒÓÑÏÇ-
ÉÖÕÑÚÐÞØ 7-ÂÎÍËÎÂÏËÐÑÒÓÑËÊÄÑÆÐÞØ 21 Ë ÑÃÓÂÊÑÄÂÐËÇÏ

N

N

N

N

N
N

N

N

N

N

I [2,3-g] III [1,2-g]

N

N

N

N N

VI [3,2-g]

N

N

N

N N

II [3,2-g]

VII [2,1-h]

N

N

N

N

IV [1,2-f ]

N

N

N

N

V [3,2,1-d,e]

N

N

N

N

N

N N

N

Me

N

O Et
BFÿ4

12

+
+

N

N

O

Ac

H

13

N

N N

N N

N

Me N

O

O

Ac
Et

H

14 (79%)

EtOH, 20 ± 308C

Et3N

15

N

N

N

N

O

O

Me

Me Cl

Cl

Ph

a

16 (64%)

N

N

N

N

O

O

Me

Me Cl

Ph

PrnNH2

208C ËÎË D

BunNH2

D

aÐ Pd2(dba)3 (dba Ð ÆËÃÇÐÊËÎËÆÇÐÂÙÇÕÑÐ), PPh3, K2CO3, CuI,
DMF, ÂÓÅÑÐ, 20 ë 308C.

N

N

N

N

O

O

Me

Me Cl

H
N

H

Ph

Prn18 (90 ± 93%)

K2CO3, DMF, D

17a,b

N

N

N

N

O

O

Me

Me
N

R

Ph

R=Prn (a, 73%), Bun (b, 60%)

N

N

N

N

O

O

Me

Me
R1

20

R2NH2

AgPy2MnO4, 208C

N

N

N

N

O

O

Me

Me
R1

NHR2

21

N

N

N

N

O

O

Me

Me

N

R2

R1

19 (32 ± 75%)

R1=Ph, SiMe3, n-C6H13; R2=Prn, Pri, Bun, But.
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ÒËÓÓÑÎÑ[3,2-g]ÒÕÇÓËÆËÐÑÄ 19.19, 20 ²ÇÂÍÙËâ ÚÖÄÔÕÄËÕÇÎßÐÂ Í
ÔÕÇÓËÚÇÔÍÑÏÖ ×ÂÍÕÑÓÖ: ÄÞØÑÆ ÒÓÑÆÖÍÕÂ ÔÖÜÇÔÕÄÇÐÐÑ ÒÑÐË-
ÉÂÇÕÔâ ÒÓË ËÔÒÑÎßÊÑÄÂÐËË ÕÓÇÕ-ÃÖÕËÎÂÏËÐÂ. °ÃÓÂÃÑÕÍÂ
ÕÓËÏÇÕËÎÔËÎËÎÂÙÇÕËÎÇÐÑÄÞØ ÒÓÑËÊÄÑÆÐÞØ 20 ÂÎÍËÎÂÏË-
ÐÂÏË Ä ÒÓËÔÖÕÔÕÄËË ÑÍËÔÎËÕÇÎâ ÆÂÇÕ ÐÇÊÂÏÇÜÇÐÐÞÇ ÒÑ
ÂÕÑÏÖ C(2) ÒËÓÓÑÎÑÒÕÇÓËÆËÐÞ 19 (R1=H).

³ËÐÕÇÊ ÒËÓÓÑÎÑ[3,2-g]ÒÕÇÓËÆËÐÂ 22 ËÊ 1,3-ÆËÏÇÕËÎ-
7-ØÎÑÓÎáÏÂÊËÐÂ (23a) ÄÍÎáÚÂÇÕ ÊÂÏÇÜÇÐËÇ ÂÕÑÏÂ ØÎÑÓÂ
ÑÔÕÂÕÍÑÏ àÕËÎÔÂÓÍÑÊËÐÂÕÂ, ÅÑÏÑÎËÕËÚÇÔÍÑÇ ÂÙËÎËÓÑÄÂÐËÇ
7-ÂÏËÐÑÒÓÑËÊÄÑÆÐÑÅÑ 24 ÒÑ ÂÕÑÏÖ C(6) Ë ÍÂÕÂÎËÊËÓÖÇÏÖá
ÑÔÐÑÄÂÐËÇÏ ÄÐÖÕÓËÏÑÎÇÍÖÎâÓÐÖá ÍÑÐÆÇÐÔÂÙËá (25? 22).21

¬ ÔËÐÕÇÊÖ ÒËÓÓÑÎÑ[3,4-g]ÒÕÇÓËÆËÐÑÄ 26, ËÏÇáÜËØ ÑÒÓÇ-
ÆÇÎÇÐÐÑÇ ÔÕÓÖÍÕÖÓÐÑÇ ÔØÑÆÔÕÄÑ Ô ÏÇÕÑÕÓÇÍÔÂÕÑÏ,{ ÄÇÆÇÕ
ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÇ ÂÐÐÇÎËÓÑÄÂÐËÇ ÒËÓÓÑÎßÐÑÅÑ Ë ÒËÓËÏËÆË-
ÐÑÄÑÅÑ ÍÑÎÇÙ Í ÒËÓÂÊËÐÑÄÑÏÖ ÙËÍÎÖ.22 ªÔØÑÆÐÑÇ ÔÑÇÆËÐÇ-
ÐËÇì àÕËÎÑÄÞÌ à×ËÓ 6-ÂÏËÐÑ-3-ØÎÑÓÏÇÕËÎ-5-ÙËÂÐÑÒËÓÂÊËÐ-
2-ÍÂÓÃÑÐÑÄÑÌ ÍËÔÎÑÕÞ (27) ì ÒÑÎÖÚÂáÕ ÍÑÐÆÇÐÔÂÙËÇÌ
4-ØÎÑÓ-2-ÅËÆÓÑÍÔËÏËÐÑ-3-ÑÍÔÑÃÖÕËÓÂÕÂ Ô 2-ÙËÂÐÑÂÙÇÕÂÏË-

ÆÑÏ Ô ÒÑÔÎÇÆÖáÜËÏ ÆÇÊÑÍÔËÅÇÐËÓÑÄÂÐËÇÏ ÑÃÓÂÊÖáÜÇÅÑÔâ
N-ÑÍÔËÆÂ 28. ¥Îâ ÒÑÔÕÓÑÇÐËâ ÒËÓËÏËÆËÐÑÄÑÅÑ ÍÑÎßÙÂ ËÔ-
ÒÑÎßÊÖÇÕÔâ ÍÎÂÔÔËÚÇÔÍÂâ ÙËÍÎËÊÂÙËâ Ñ-ÂÏËÐÑÙËÂÐÑÂÓÇÐÑÄ Ô
ÅÖÂÐËÆËÐÂÏË (29? 26), Â ÊÂÏÞÍÂÐËÇ ÒËÓÓÑÎßÐÑÅÑ ÙËÍÎÂ
âÄÎâÇÕÔâ ÓÇÊÖÎßÕÂÕÑÏ ÄÊÂËÏÑÆÇÌÔÕÄËâ 1,4-ÆËàÎÇÍÕÓÑ×ËÎß-
ÐÑÅÑ ÚÇÕÞÓÇØÖÅÎÇÓÑÆÐÑÅÑ ÔËÐÕÑÐÂ Ô N-ÐÖÍÎÇÑ×ËÎÑÏ
(27? 30? 29) (ÔØÇÏÂ 1).

®ÑÔÕËÍÑÄÞÇ ÒËÓÓÑÎÑ[3,2,1-d,e]ÒÕÇÓËÆËÐÞ 31 ÔËÐÕÇÊË-
ÓÖáÕ ËÊ ÒÓÑËÊÄÑÆÐÞØ 4-àÕÑÍÔËÒËÓÓÑÎÑ[3,2-d ]ÒËÓËÏËÆËÐÂ 32
Ä ÕÓË ÔÕÂÆËË. ¡ÎÍËÎËÓÑÄÂÐËÇ ÒËÓÓÑÎßÐÑÅÑ ÂÕÑÏÂ ÂÊÑÕÂ
ÔÑÇÆËÐÇÐËâ 32 b-(N,N-ÆËÏÇÕËÎÂÏËÐÑ)àÕËÎØÎÑÓËÆÑÏ Ä ÖÔÎÑ-
ÄËâØ ÏÇÉ×ÂÊÐÑÅÑ ÍÂÕÂÎËÊÂ Ë ÒÑÔÎÇÆÖáÜËÌ ÍËÔÎÑÕÐÞÌ ÅËÆÓÑ-
ÎËÊ àÕÑÍÔËÅÓÖÒÒÞ ÔÑÇÆËÐÇÐËÌ 33 ÆÂáÕ ÒËÓÓÑÎÑÒËÓËÏËÆËÐÞ
34. ¯ÂÅÓÇÄÂÐËÇ ÒÑÔÎÇÆÐËØ Ô ÑÍÔÑØÎÑÓËÆÑÏ ×ÑÔ×ÑÓÂ ÄÇÆÇÕ Í
ÊÂÏÞÍÂÐËá ÒËÓÂÊËÐÑÄÑÅÑ ÙËÍÎÂ Ë ÑÃÓÂÊÑÄÂÐËá ÒËÓÓÑÎÑ-
ÒÕÇÓËÆËÐÑÄ 31. ±Ñ-ÄËÆËÏÑÏÖ, ÔÑÇÆËÐÇÐËâ 34 ÔÐÂÚÂÎÂ ÒÓÇ-
ÄÓÂÜÂáÕÔâ Ä ÔÑÑÕÄÇÕÔÕÄÖáÜËÇ ØÎÑÓÒÓÑËÊÄÑÆÐÞÇ; ÆÂÎßÐÇÌ-
ÛÂâ ÄÐÖÕÓËÏÑÎÇÍÖÎâÓÐÂâ ÐÖÍÎÇÑ×ËÎßÐÂâ ÂÕÂÍÂ ÆËÏÇÕËÎ-
ÂÏËÐÑÅÓÖÒÒÞ ÒÑ ÂÕÑÏÖ ÖÅÎÇÓÑÆÂ, ÐÇÔÖÜÇÏÖ ÂÕÑÏ ØÎÑÓÂ,
ÊÂÄÇÓÛÂÇÕ ÙËÍÎËÊÂÙËá.23 ³ÑÇÆËÐÇÐËâ 31 ÒÓÑâÄÎâáÕ ÒÓÑÕË-
ÄÑÑÒÖØÑÎÇÄÖá ÂÍÕËÄÐÑÔÕß Ä ÑÕÐÑÛÇÐËË ÔÂÓÍÑÏÞ ªÇÐÔÇÐÂ
(Ä ÑÒÞÕÂØ ÐÂ ÏÞÛÂØ Ë ÍÓÞÔÂØ ÕÑÓÏÑÉÇÐËÇ ÓÑÔÕÂ ÑÒÖØÑÎË ÐÂ
39 ë 52%), ÍÂÓÙËÐÑÏÞ 755 (39 ë 77%) Ë ÏÇÎÂÐÑÏÞ B16

(54 ë 62%). ±ÓË ÑÆÐÑÍÓÂÕÐÑÏ ÄÐÖÕÓËÃÓáÛÐÑÏ ÄÄÇÆÇÐËË
ÆÑÊÂ, ÄÞÊÞÄÂáÜÂâ ÅËÃÇÎß ÉËÄÑÕÐÑÅÑ, ÔÑÔÕÂÄÎâÇÕ
40 ÏÅ . ÍÅ71.

±ÓË ÍÓÂÕÍÑÄÓÇÏÇÐÐÑÏ ÐÂÅÓÇÄÂÐËË ÐÇÑÒÕÇÓËÐÂ (35) Ä
ÒÑÎË×ÑÔ×ÑÓÐÑÌ ÍËÔÎÑÕÇ (PPA) ÑÃÓÂÊÖÇÕÔâ ÒËÓÓÑÎÑ[1,2-f ]ÒÕÇ-
ÓËÆËÐ 36 Ô ÖÏÇÓÇÐÐÞÏ ÄÞØÑÆÑÏ.24

23a

N

N

N

N

O

O

Me

Me

Cl

MeNHCH2CO2Et

CHCl3, D, 30 ÏËÐ

N

N N
CH2CO2Et

Me24 (40%)

EtCHO, ButOOH

FeSO4, AcOH7H2O,

208C, 15 ÏËÐ

N

N N
CH2CO2Et

Me

O

Et

25 (48%)

EtONa

EtOH, 208C, 4 Ú

22 (25%)

N

N N

Me

CO2Et

Et
N

N

OEt

N

R2

R1

H

32

ClCH2CH2NMe2

PhCH2NEt3Cl7,
+

40%-ÐÞÌ NaOH

N

N

OEt

N

R2

R1

CH2CH2NMe2

33 (79%)

HCl

D, 3 Ú

N

N

OH

N

R2

R1

CH2CH2NMe2

34 (87%)

POCl3

D, 3 Ú

N

N

N

R2

R1

N
Me

31 (62%)

R1=R2=H; R1=Me, R2=Ph.
{ ®ÇÕÑÕÓÇÍÔÂÕì (2S )-2-[(4-{[(2,4-ÆËÂÏËÐÑÒÕÇÓËÆËÐ-6-ËÎ)ÏÇÕËÎ]-
(ÏÇÕËÎ)ÂÏËÐÑ}×ÇÐËÎ)×ÑÓÏÂÏËÆÑ]ÒÇÐÕÂÐÆËÑÄÂâ ÍËÔÎÑÕÂ. ¸ËÕÑ-
ÔÕÂÕËÚÇÔÍËÌ ÒÓÇÒÂÓÂÕ ËÊ ÅÓÖÒÒÞ ÂÐÕËÏÇÕÂÃÑÎËÕÑÄ, ÂÐÕÂÅÑÐËÔÕÑÄ
×ÑÎËÇÄÑÌ ÍËÔÎÑÕÞ. °ÍÂÊÞÄÂÇÕ ÄÞÓÂÉÇÐÐÑÇ ËÏÏÖÐÑÔÖÒÓÇÔÔÑÓÐÑÇ
ÆÇÌÔÕÄËÇ Ë ËÔÒÑÎßÊÖÇÕÔâ ÒÓË ÎÇÚÇÐËË ÑÐÍÑÎÑÅËÚÇÔÍËØ ÊÂÃÑÎÇÄÂ-
ÐËÌ.

THF

NOCl
CH2Cl

CO2Et

O

N

OH

CH2CO2Et

CH2Cl

O

MeOH ËÎË DMF

N

NNC

H2N

CH2NHAr

CO2Et

30 (76 ± 94%)

D, 1 ± 2 Ú
H2N

NC N

N

N Ar

O29 (94 ± 99%)

(H2N)2C NH

DMF, N2, 140 ± 1458C, 2 Ú

26 (77±91%)

ArN

H2N N

N

N

N

NH2

O

Ar=C6H4CO2Me-4, C6H4CO2H-4.

N

NNC

H2N

CH2Cl

CO2Et

O

N

NNC

H2N

CH2Cl

CO2Et

27
28

ArNH2

K2CO3, MeCN,
208C, 16 ± 25 Ú

PrnOH

P(OMe)3

PriOH, HCl

NCCH2C(O)NH2
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³ÑÅÎÂÔÐÑ ÆÓÖÅÑÏÖ ÏÇÕÑÆÖ, ÔÑÇÆËÐÇÐËÇ 35 ÒÓÇÄÓÂÜÂáÕ Ä
ÙËÍÎËÚÇÔÍËÌ ÂÙÇÕÂÎß 37, ÍÑÕÑÓÞÌ ÂÙËÎËÓÖáÕ ÒÑ OH-ÅÓÖÒÒÇ Ë
ÊÂÕÇÏ ÙËÍÎËÊÖáÕ Ä ÒËÓÓÑÎÑÒÕÇÓËÆËÐ 38 ÆÇÌÔÕÄËÇÏ HBr Ä
ÖÍÔÖÔÐÑÌ ÍËÔÎÑÕÇ.25

±ÓÑËÊÄÑÆÐÞÇ ÒËÓÓÑÎÑ[1,2-f ]ÒÕÇÓËÆËÐÂ ÏÑÅÖÕ ÃÞÕß ÒÑÎÖ-
ÚÇÐÞ ÆÑÔÕÓÂËÄÂÐËÇÏ ÒËÓÂÊËÐÑÄÑÅÑ Ë ÒËÓÓÑÎßÐÑÅÑ ÙËÍÎÑÄ Í
ÒËÓËÏËÆËÐÑÄÑÏÖ. ´ÂÍ, ÄÊÂËÏÑÆÇÌÔÕÄËÇ 2,3-ÆËÂÏËÐÑÒËÓËÏË-
ÆËÐÂ (39) Ô ÅÎËÍÑÊËÆÑÏ 6-ÅËÆÓÑÍÔË-2H-ÒËÓÂÐ-3(6H)-ÑÐÂ 40 Ä
ÖÍÔÖÔÐÑÌ (ËÎË ÕÓË×ÕÑÓÖÍÔÖÔÐÑÌ) ÍËÔÎÑÕÇ ÆÂÇÕ ÒËÓÓÑ-
ÎÑ[1,2-f ]ÒÕÇÓËÆËÐ 41.26

®ÇØÂÐËÊÏ àÕÑÌ ÅÇÕÇÓÑÙËÍÎËÊÂÙËË ÄÍÎáÚÂÇÕ ÑÃÓÂÊÑÄÂÐËÇ
ÂÊÑÏÇÕËÐÂ 42, ÇÅÑ ÆÂÎßÐÇÌÛÇÇ ÒÓÇÄÓÂÜÇÐËÇ Ä ÒËÓÂÐÑÒÕÇÓË-
ÆËÐ 43 Ë ÍÂÕÂÎËÊËÓÖÇÏÖá ÍËÔÎÑÕÑÌ ÓÇÙËÍÎËÊÂÙËá 43? 41.

¡ÐÂÎÑÅËÚÐÂâ ÍÑÐÆÇÐÔÂÙËâ 5,6-ÆËÂÏËÐÑ-1,3-ÆËÏÇÕËÎ-
ÖÓÂÙËÎÂ (44a) Ô ÅÎËÍÑÊËÆÑÏ 40 ÆÂÇÕ ÒËÓÓÑÎÑÒÕÇÓËÆËÐ 45
ÐÂÓâÆÖ Ô ÒÓÑËÊÄÑÆÐÞÏË ÎáÏÂÊËÐÂ 46a,b.27

4-¡ÏËÐÑ-5-ÐËÕÓÑÊÑÒËÓËÏËÆËÐÞ ì ÕËÒËÚÐÞÇ ËÔØÑÆÐÞÇ
ÔÑÇÆËÐÇÐËâ Ä ÍÎÂÔÔËÚÇÔÍËØ ÔËÐÕÇÊÂØ ÒÖÓËÐÑÄ Ë ÒÕÇÓËÆËÐÑÄ.
¯ÇÆÂÄÐÑ ÃÞÎÑ ÒÑÍÂÊÂÐÑ,28 ÚÕÑ ÒÓË ÐÂÅÓÇÄÂÐËË 5-ÐËÕÓÑÊÑ-
4-(ÔÑÓÃËÎÂÏËÐÑ)ÒËÓËÏËÆËÐÂ 47 Ä ÕÑÎÖÑÎÇ ÒÓÑÕÇÍÂÇÕ ÄÐÖÕÓË-
ÏÑÎÇÍÖÎâÓÐÂâ ÓÇÂÍÙËâ ¥ËÎßÔÂ ë¡ÎßÆÇÓÂ, Ä ÓÇÊÖÎßÕÂÕÇ ÍÑÕÑ-
ÓÑÌ ÒÑÎÖÚÂÇÕÔâ 6-(3-ÅËÆÓÑÍÔËÃÖÕÇÐËÎ)ÒÕÇÓËÆËÐÑÐ 48 ÚÇÓÇÊ
ÒÓÑÏÇÉÖÕÑÚÐÞÌ ÑÍÔÂÊËÐÑÒÕÇÓËÆËÐ 49. »ÇÎÑÚÐÑÌ ÅËÆÓÑÎËÊ
ÔÑÇÆËÐÇÐËâ 48 ÆÂÇÕ ÒÓÑËÊÄÑÆÐÑÇ 50, ÍÑÕÑÓÑÇ ÒÓË ÐÂÅÓÇÄÂÐËË Ä
ÄÂÍÖÖÏÇ ÕÇÓâÇÕ ÏÑÎÇÍÖÎÖ ÄÑÆÞ, ÙËÍÎËÊÖâÔß Ä ÒËÓÓÑÎÑÒÕÇÓË-
ÆËÐ 51.

HN

N

N

N

O

H2N

OH

OH

OH

35

PPA

90 ± 1008C, 15 ÏËÐ

HN

N

N

N

O

H2N

OH

36 (47%)

35 HN

N

N

N

O

H2N

OH

O

O

Me
Me

Me2C O

H2SO4,

208C, 24 Ú

Ac2O

Py, 208C, 22 Ú

37 (86%)

HN

N

N

N

O

H2N

OAc

O

O

Me
Me

(98%)

HBr

AcOH, 08C, 20 ÏËÐ

HN

N

N

N

O

H2N

Br

38 (22%)

N

N

NH2

NH2

39

AcOH

208C, 3 ÔÖÕ N

N

N

N

Rib

41 (32 ± 58%)

Rib = .

+
O

O

Rib OH

40

BzO

BzO

O

OBz

39+ 40
N

N
N

NH2

O

Rib

OH

42

N

N
N

NH2

O

Rib

OH

42 43

H

H

7H2O
N

N

N

N

O Rib

H

H

*H+

N

N

N

N

HO

Rib

H+

7H2O
41

..

NH2

NH2

O

O

N

N
Me

44a

N

N

N

N

O

Me

O

Rib

45 (30%)

+
40, PhMe

808C, 5 Ú

Me Me

Me Me46a (5%)

N

N

N

N

O

Me

O Rib

+ +

46b (16%)

N

N

N

N

O

Me

O
O

Rib

N

N

H2N

BnO

N

O

N O

Me

H47

PhMe

1008C, 3 Ú

N

N

H2N

BnO

N

O

N O

Me

H
49

N

N

H2N

BnO

N

N O

Me

HO

H

48 (98%)

1M NaOH,
ÆËÑÍÔÂÐ

N

HN

H2N

O

N

N O

Me

HO

H

50 (92%)

HN

N

N

N

O

H2N O

Me

51 (29%)

H

3008C,
<1074 ÏÃÂÓ
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³ÑÎß ÍÔÂÐÕËÐËâ 52 ÒÓÇÄÓÂÜÂÇÕÔâ Ä ÒËÓÓÑÎÑ[1,2-f ]ÒÕÇÓË-
ÆËÐÞ 53 ÒÑÆ ÆÇÌÔÕÄËÇÏ à×ËÓÂ ÒÓÑÒÂÓÅËÎÑÄÑÌ ËÎË ÂÙÇÕËÎÇÐ-
ÆËÍÂÓÃÑÐÑÄÑÌ ÍËÔÎÑÕÞ.29, 30

°ÔÐÑÄÐÞÇ ÔÕÂÆËË àÕÑÅÑ ÒÓÑÙÇÔÔÂ ÕÂÍÑÄÞ: 1) ÑÃÓÂÊÑÄÂÐËÇ
in situ ËÎËÆÑÄ ÍÔÂÐÕËÐËâ 54; 2) 1,3-ÆËÒÑÎâÓÐÑÇ ÙËÍÎÑÒÓËÔÑ-
ÇÆËÐÇÐËÇ, ÒÓËÄÑÆâÜÇÇ Í ÐÇÔÕÂÃËÎßÐÞÏ ÂÆÆÖÍÕÂÏ 55; 3) ÓÂÔ-
ÍÓÞÕËÇ ËÏËÆÂÊÑÎËÐÑÄÑÅÑ ÙËÍÎÂ Ä ÔÑÇÆËÐÇÐËË 55 Ë, ÐÂÍÑÐÇÙ,
4) ÙËÍÎËÊÂÙËâ ÊÂ ÔÚÇÕ ÐÖÍÎÇÑ×ËÎßÐÑÅÑ ÒÓËÔÑÇÆËÐÇÐËâ ÏÇ-
ÕËÎÂÏËÐÑÅÓÖÒÒÞ Í a-ÏÇÕÑÍÔËÍÂÓÃÑÐËÎßÐÑÌ ÅÓÖÒÒÇ ÒÓÑ-
ÏÇÉÖÕÑÚÐÑÅÑ ÒËÓÓÑÎÂ 56.

£ÇÔßÏÂ à××ÇÍÕËÄÐÂâ ÏÇÕÑÆÑÎÑÅËâ ÒÑÔÕÓÑÇÐËâ ÒËÓÓÑ-
ÎÑ[1,2-f ]ÒÕÇÓËÆËÐÑÄÑÌ ÔËÔÕÇÏÞ ÒÓÇÆÎÑÉÇÐÂ ÍËÕÂÌÔÍËÏË
ØËÏËÍÂÏË (ÔØÇÏÂ 2).31 ªÔØÑÆÐÞÌ 5-ÂÏËÐÑ-4,6-ÆËØÎÑÓÒËÓË-
ÏËÆËÐ ÒÓÇÄÓÂÜÂáÕ Ä 4-ÂÏËÐÑ-5-ÒËÓÓÑÎËÎÒËÓËÏËÆËÐ 57
ÚÇÓÇÊ ÒÓÑÏÇÉÖÕÑÚÐÑÇ ÔÑÇÆËÐÇÐËÇ 58. ²ÇÂÍÙËâ ÒËÓÓÑÎËÎÒËÓË-
ÏËÆËÐÂ 57 Ô ÂÎßÆÇÅËÆÂÏË ËÎË ÂÎË×ÂÕËÚÇÔÍËÏË ÍÇÕÑÐÂÏË
ÄÇÆÇÕ Í ÙËÍÎËÊÂÙËË Ä 5,6-ÆËÅËÆÓÑÒËÓÓÑÎÑ[1,2-f ]ÒÕÇÓË-
ÆËÐÞ 59. ®ÇØÂÐËÊÏ ÓÇÂÍÙËË ÐÂÒÑÏËÐÂÇÕ ÍÑÐÆÇÐÔÂÙËá ±ËÍ-
ÕÇ ëºÒÇÐÅÎÇÓÂ Ë ÄÍÎáÚÂÇÕ ÑÃÓÂÊÑÄÂÐËÇ ËÏËÐÐÑÅÑ ËÐÕÇÓÏÇ-

ÆËÂÕÂ 60, ÇÅÑ ÒÓÑÕÑÐËÓÑÄÂÐËÇ Ë àÎÇÍÕÓÑ×ËÎßÐÖá ÙËÍÎËÊÂ-
ÙËá (61? 59). ¡ÐÂÎÑÅËÚÐÑ ËÊ 5-ÂÏËÐÑ-6-ËÐÆÑÎËÎÒËÓËÏË-
ÆËÐÂ 62 ÒÑÎÖÚÇÐÞ ËÐÆÑÎÑ[2,1-h]ÒÕÇÓËÆËÐÞ 63.32

´Ç ÉÇ ÂÄÕÑÓÞ ÑÃÐÂÓÖÉËÎË, ÚÕÑ ÆÎËÕÇÎßÐÑÇ ÄÊÂËÏÑ-
ÆÇÌÔÕÄËÇ ÂÎßÆÇÅËÆÑÄ 64 Ô ÒÇÓÄËÚÐÞÏË ÂÎÍËÎ- Ë ÂÓËÎÂÏËÐÂÏË
Ä ÒÓËÔÖÕÔÕÄËË ÕÓË×ÕÑÓÖÍÔÖÔÐÑÅÑ ÂÐÅËÆÓËÆÂ ÒÓËÄÑÆËÕ Í
5,6-ÆËÅËÆÓÑÒËÓÓÑÎÑ[1,2-f ]ÒÕÇÓËÆËÐÂÏ 65.33

52 (32 ± 75%)

N

N

O

O

Me

Me
N

N

CH2CO2Me

Me

TsO7+

1) BunLi, THF,7508C

2) XC:CCO2Me,

770?7108C, 12 Ú

N

N

N

N

O

O

X

CO2Me

O

Me

MeMe

53 (51 ± 81%)

X=H, CO2Me.

+

N

N

O

O

Me

Me
N

N

CHCO2Me

Me

52
BunLi

7

N

N

CHCO2Me

Me

H+

7
X

C

C

CO2Me

54

N

N

Me

X

CO2Me

CO2Me
H

H

55

NH

N

Me

MeO2C
X

CO2Me

NH

N

CO2Me

X

C

OMe

O

Me

7MeOH
53

..

56

58

N

N

Cl

N

Cl

R1NH(CH2)2OH

Et3N, BunOH,

D, 3.5 Ú

N

N

Cl

N

N
OH

R1(92%)

Py . SO3

DMSO,
CH2Cl2

N

N

Cl

N

N
O

R164

R2NH2

TFAA, CH2Cl2, 14 ± 96 Ú

N

N

Cl

NH2

Cl

O
MeO OMe

N
H

HCl, EtOH,
H2O

N

N

Cl

N

Cl

58

N

N

Cl

NH2

N

N

N

Cl

N

NH2

57

N

N

Cl

NH2

N

62

N

N

R1

R260

NH3

DDQ, PhHD

R1 R2,

O

TsOH,
PhMe

D

R1 R2,

O

TFAA,
MeCN

N

N

R1

R2H

+

N

N

Cl

N

N R2

R1

59 H
N

N

Cl

N

N

R1

R2

63

N

N R1

R2H

+

61

R1=H: R2=Et, Prn, Ph, 3,4-Cl2C6H3 , XC6H4 (X=4-Me, 2-NO2 ,

3-NO2 , 4-NO2, 2-MeO, 2-Cl); R1=Me: R2=Et, Prn, Ph, 4-MeC6H4,

4-O2NC6H4; R17R2=(CH2)5; DDQÐ 2,3-ÆËØÎÑÓ-5,6-ÆËÙËÂÐÑÃÇÐ-
ÊÑØËÐÑÐ, TFAAì ÕÓË×ÕÑÓÖÍÔÖÔÐÞÌ ÂÐÅËÆÓËÆ.
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£ ØÑÆÇ ÓÇÂÍÙËË ÑÉËÆÂÇÏÞÇ ÒÓÑÆÖÍÕÞ ÙËÍÎËÊÂÙËË ÒÓÑÏÇÉÖ-
ÕÑÚÐÑÌ ËÏËÐËÇÄÑÌ ÔÑÎË 66 ì ÆËÂÊÇÒËÐÞ 67 ì ÒÑÆÄÇÓÅÂáÕÔâ
ÒÇÓÇÅÓÖÒÒËÓÑÄÍÇ ³ÏÂÌÎÔÂ.

¡ÐÂÎÑÅËÚÐÂâ ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÔÕß ÓÇÂÍÙËÌ ÒÑÊÄÑÎâÇÕ
ÒÑÎÖÚËÕß ËÊ ÂÎßÆÇÅËÆÂ 68 ÒËÓÓÑÎÑ[1,2-f ]ÒÕÇÓËÆËÐÞ 69.34

10¯-ªÐÆÑÎÑ[3,2-g]ÒÕÇÓËÆËÐ 70 ÔËÐÕÇÊËÓÖáÕ Ä ÕÓË ÔÕÂÆËË
ËÊ 4,5-ÆËÂÏËÐÑÒËÓËÏËÆËÐÂ (39).35 ³ÐÂÚÂÎÂ ÆËÂÏËÐ ÍÑÐÆÇÐ-
ÔËÓÖáÕ ÔN-ÂÙÇÕËÎËÊÂÕËÐÑÏ, ÒÑÎÖÚÂâ ÔÏÇÔß ËÊÑÏÇÓÐÞØ ÂÓËÎ-
ÒÕÇÓËÆËÐÑÐÑÄ 71a,b. »ÇÎÑÚÐÑÌ ÅËÆÓÑÎËÊ ÑÔÐÑÄÐÑÅÑ ÒÓÑ-
ÆÖÍÕÂ àÕÑÌ ÓÇÂÍÙËË 71a Ë ÒÑÔÎÇÆÖáÜÂâ ÔÖÃÎËÏÂÙËâ ÂÏËÐÑ-
ÒÓÑËÊÄÑÆÐÑÅÑ 72 ÆÂáÕ Ô ÖÏÇÓÇÐÐÞÏ ÄÞØÑÆÑÏ ËÐÆÑÎÑ-
ÒÕÇÓËÆËÐ 70.

2. ¶ÖÓÑ- Ë ÃÇÐÊÑ×ÖÓÑÒÕÇÓËÆËÐÞ

ªÊÄÇÔÕÐÞÇ Í ÐÂÔÕÑâÜÇÏÖ ÄÓÇÏÇÐË ×ÖÓÑ- Ë ÃÇÐÊÑ×ÖÓÑÒÕÇÓË-
ÆËÐÞ ÑÕÐÑÔâÕÔâ Í ÒÓÑËÊÄÑÆÐÞÏ ÅÇÕÇÓÑÔËÔÕÇÏ VIII ëXI.

¬ ×ÖÓÑ[2,3-g]ÒÕÇÓËÆËÐÂÏ 73 ÒÓËÄÑÆËÕ ÄÊÂËÏÑÆÇÌÔÕÄËÇ
ÒÕÇÓËÆËÐÑÄ 74 Ô ÂÙÇÕËÎÂÙÇÕÑÐÑÏ ËÎË à×ËÓÂÏË ÂÙÇÕÑÖÍÔÖÔÐÑÌ
ÍËÔÎÑÕÞ Ä ÐÇÌÕÓÂÎßÐÞØ ËÎË ÑÔÐÑ'ÄÐÞØ ÔÓÇÆÂØ.36, 37±ÑÏÐÇÐËá
ÂÄÕÑÓÑÄ ÓÂÃÑÕ 36, 37, ÆËÍÂÓÃÑÐËÎßÐÑÇ ÔÑÇÆËÐÇÐËÇ ÖÚÂÔÕÄÖÇÕ Ä
ÓÇÂÍÙËË Ä ÄËÆÇ ÇÐÑÎÂ ËÎË ÇÐÑÎâÕ-ËÑÐÂ, ÒÓË àÕÑÏ ÃÑÎÇÇ
ÐÖÍÎÇÑ×ËÎßÐÞÌ ÂÕÑÏ ÖÅÎÇÓÑÆÂ ÒÑÔÎÇÆÐËØ ÒÓËÔÑÇÆËÐâÇÕÔâ Í
ÃÑÎÇÇ àÎÇÍÕÓÑÐÑÆÇ×ËÙËÕÐÑÏÖ ÂÕÑÏÖ C(7) ÒÕÇÓËÆËÐÂ.

²ÇÂÍÙËâ 1,3-ÆËÏÇÕËÎ-6,7-ÆËØÎÑÓÎáÏÂÊËÐÂ (15) Ô ÐÂÕÓËÌ-
ÆËÃÇÐÊÑËÎÏÇÕÂÐÑÏ ÒÓÑÕÇÍÂÇÕ ÂÐÂÎÑÅËÚÐÑ, ÆÂÄÂâ
×ÖÓÑ[2,3-g]ÎáÏÂÊËÐ 75.38

R1=Me, Bn; R2=Me, Pri, Bun, cyclo-C6H11, Bn, OBn, Ph, XC6H4

(X=2-Me, 3-Me, 4-Me, 2-Cl, 3-Cl, 4-Cl, 2-NO2, 4-NO2, 4-F).

67

N

N

Cl

N

N

R1

NHR2
N

N

Cl

N

N

R2

NHR1

65 (21 ± 86%)

64

N

N

Cl

N

N

R1

NHR2

X

+

N

N

N

Cl

X

NR1
*H+

65
..

X=CF3CO.

N

N

Cl

N

N
NHR2

R1

+

66

67
TFAAR2NH2

N

R2 H

+

68

N

N

Cl

N

O
O

RNH2

MeCN, TiCl4,

715? 248C, 4 ± 12 Ú

N

N

Cl

N

O

NHR

69 (12 ± 73%)

N

N

Cl

N

N

R

OH

R=H, Me, Pri, Bun, cyclo-C6H11, Bn, Ph, XC6H4 (X=2-Me, 3-Me,

4-Me, 2-MeO, 4-MeO, 4-Cl, 4-F, 4-Br, 4-NO2).

N

N

NH2

NH2

+

N

Ac

O

O

EtOH

D, 168 Ú

39

N

N

N

N O

HN

Ac

H

+

71a (77%)

N

N N

N O

HN

Ac

H

71b (6%)

D, 4 Ú

N

N

N

N O

H2N

H

72 (67%)

2158C,
0.05 ´ÑÓÓ

7H2O
N

N

N

N N
H

70 (42%)

KOH,
EtOH, H2O

N

N

N

N

O

VIII [2,3-g]

N

N

N

N O

IX [3,2-g]

N

N

N

N

O

X [2,3-g]

N

N

N

N O

XI [3,2-g]

N

N

N

N

R2

R1

74

+
Me X

O O

solv

208C, 2 Ú ë 15 ÔÖÕ

73 (10 ± 39%)

N

N

N

N

R2

R1

O

Me

XH

H

R1, R2=H,Me; X=Me, OEt, OBn; solv=Et3N±C6H6 , THF, DMSO.
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¶ÖÓÑÒÕÇÓËÆËÐÞ 76 ËÊÑÏÇÓÐÑÅÑ [3,2-g]-ÓâÆÂ ÒÑÎÖÚÂáÕ
ÍÑÐÆÇÐÔÂÙËÇÌ ÕÓË×ÎÂÕÂ 77 Ô ÙËÍÎÑÅÇÍÔÂÐ-1,3-ÆËÑÐÂÏË Ä ÒÓË-
ÔÖÕÔÕÄËË ÏÇÕÂÎÎËÚÇÔÍÑÅÑ ÐÂÕÓËâ.39, 40 ³ÑÇÆËÐÇÐËâ 78, ÒÑ-
ÄËÆËÏÑÏÖ, âÄÎâáÕÔâ ËÐÕÇÓÏÇÆËÂÕÂÏË ÅÇÕÇÓÑÙËÍÎËÊÂÙËË
77? 76.

£ ÍÂÚÇÔÕÄÇ ÙËÍÎËÊÖáÜÇÅÑ ÂÅÇÐÕÂ ËÔÒÑÎßÊÑÄÂÎË Ë ÂÙÇÕÑÖÍ-
ÔÖÔÐÞÌ à×ËÓ, ÒÓË àÕÑÏ ÕÓË×ÎÂÕ 77 ÒÓÇÄÓÂÜÂÎÔâ Ä ×ÖÓÑ-
ÒÕÇÓËÆËÐ 79.39 °ÃÇ ÓÇÂÍÙËË ÒÓÇÆÔÕÂÄÎâáÕ ÔÑÃÑÌ ÕÂÐÆÇÏÐÞÇ
ÒÓÑÙÇÔÔÞ S ipso

N 7SHN-ÕËÒÂ, ÒÓËÚÇÏ Ä ÑÍËÔÎÇÐËË sH-ÂÆÆÖÍÕÂ,
ÒÑ-ÄËÆËÏÑÏÖ, ÖÚÂÔÕÄÖÇÕ ÍËÔÎÑÓÑÆ ÄÑÊÆÖØÂ.

£ ÑÔÐÑÄÇ ÒÑÎÖÚÇÐËâ ÃÇÐÊÑ×ÖÓÑ[2,3-g]- (80a) Ë ÃÇÐÊÑ×ÖÓÑ-
[3,2-g]ÒÕÇÓËÆËÐÑÄ (80b) ÎÇÉËÕ ÄÐÖÕÓËÏÑÎÇÍÖÎâÓÐÂâ ÓÇÂÍÙËâ
¥ËÎßÔÂ ë¡ÎßÆÇÓÂ, Ä ÍÑÕÑÓÑÌ ÒËÓËÏËÆÑÕÓËÂÊËÐÞ 81a,b
ÄÞÔÕÖÒÂáÕ Ä ÓÑÎË ÂÊÂÆËÇÐÑÄ, Â ÔÑÆÇÓÉÂÜÂâÔâ Ä ÃÑÍÑÄÑÏ
ÊÂÏÇÔÕËÕÇÎÇ ÐËÕÓËÎßÐÂâ ÅÓÖÒÒÂ ÔÎÖÉËÕ ÆËÇÐÑ×ËÎÑÏ.41, 42

3. ´ËÇÐÑÒÕÇÓËÆËÐÞ

°ÒËÔÂÐÞ ÒÓÑËÊÄÑÆÐÞÇ ÕËÇÐÑÒÕÇÓËÆËÐÑÄ ÔÕÓÖÍÕÖÓÐÞØ ÕËÒÑÄ
XII Ë XIII, Í ÒÑÔÎÇÆÐËÏ, Ä ÚÂÔÕÐÑÔÕË, ÑÕÐÑÔËÕÔâ ÖÓÑÕËÑÐ
(3a).43, 44

±ÑÎÐÞÌ ÔËÐÕÇÊ ÖÓÑÕËÑÐÂ (3a) ÄÒÇÓÄÞÇ ÑÔÖÜÇÔÕÄËÎË âÒÑÐ-
ÔÍËÇ ØËÏËÍË 45 ÒÖÕÇÏ ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÅÑ ÂÐÐÇÎËÓÑÄÂÐËâ
ÒËÓÂÊËÐÑÄÑÅÑ Ë ÕËÑ×ÇÐÑÄÑÅÑ ÙËÍÎÑÄ Í ÕÓËÂÏËÐÑÒËÓËÏË-
ÆËÐÑÐÖ 82.

¥ÓÖÅËÇ ÔËÐÕÇÕËÚÇÔÍËÇ ÒÑÆØÑÆÞ Í ÖÓÑÕËÑÐÖ (3a) Ë ÆÇÊ-
ÑÍÔËÖÓÑÕËÑÐÖ (3b) ÑÔÐÑÄÂÐÞ ÐÂ ÏÑÆË×ËÙËÓÑÄÂÐËË ÆÑÔÕÖÒ-
ÐÞØ ÒÓÑËÊÄÑÆÐÞØ ÒËÓÂÊËÐÂ Ä ÔÑÑÕÄÇÕÔÕÄËË ÔÑ ÔÎÇÆÖáÜÇÌ
ÔØÇÏÑÌ ÙËÍÎËÊÂÙËË:

N

N

N

N

O

O

Me

Me Cl

Cl

15

+
O Ph

HC
Bz

7

Na+

N

N

N

N

O

O

Me

Me
O

Bz

Ph

75

77

N

N

N

N

O

O

Me

Me OTf

+

O

O

R

R
Na

THF, D, 2 Ú

78a,b (44% (a), 7% (b))

N

N

HO

O O

R

R

76a,b (17% (a), 31% (b))

N

N

R

R

O

+

R=H (a), Me (b).

77+
Me

CO2Et

O

Na

THF, D, 2 Ú

N

N

CH2CO2Et

+

N

N O

CO2Et

Me

(9%) 79 (11%)

N

N

N

N
N

O

O

Me

Me Cl

HO

NC

NaH, THF, N2,

208C, 5 ÔÖÕ

N

N
N

O

NC

81a (93%)

PhNO2

D, 54 Ú

N

N

O

80a (82%)

NaH, THF, N2,

208C, 18 Ú

HO

NCN

N

N
N

N

O

O

Me

Me

Cl

80b (23%)

N

N

O
D, 2 ÐÇÆÇÎË

PhNO2

81b (95%)

N

N
N

O

NC

N

N

N

N

S

XII [2,3-g]

N

N

N

N S

XIII [3,2-g]

82

HN

N

NH2

NH2

O

H2N

+

OEt

O

O

O

BzO OBz

OHN

MeOH

O

BzO OBz

O

N

N
H (48%)

1) P2S5, MeC(S)NH2

2) 0.1 M NaOH

(14%)

N

N S OH

OH
Br2

AcOH, 208C

(68%)

N

N S OH

OH

Br

3a (6%)

N

N S OH

OH

SMe

KSMe

MeOH

7

N

NC

N S

d+

d7

N C

N

N

N S

N

XIII

N

N CC

N

d+ d+

d7

N

N CC

N S
C

d+ d+

d7
d7

d7 d+
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£ ÑÆÐÑÏ ËÊ ÏÇÕÑÆÑÄ ËÔØÑÆâÕ ËÊ ÒËÓÂÊËÐ-N-ÑÍÔËÆÂ 83
(ÔØÇÏÂ 3).46 ¬ÎáÚÇÄÞÏË ÔÕÂÆËâÏË ÔËÐÕÇÊÂ âÄÎâáÕÔâ ÍÂÕÂÎË-
ÊËÓÖÇÏÂâ ÑÔÐÑÄÂÐËÇÏ ÙËÍÎËÊÂÙËâ Ñ-ÂÎÍËÎÕËÑ(ÙËÂÐÑ)ÒËÓ-
ÂÊËÐÂ 84 Ä ÕËÇÐÑÒËÓÂÊËÐ 85 Ë ÍÑÐÆÇÐÔÂÙËâ Ñ-ÂÏËÐÑ(ÙËÂÐÑ)-
ÕËÇÐÑÒËÓÂÊËÐÂ 86a Ä ÕËÇÐÑÒÕÇÓËÆËÐ 87 ÒÑÆ ÆÇÌÔÕÄËÇÏ
ÅÖÂÐËÆËÐÂ (ÔÏ. ÔØÇÏÖ 3). °ÃÓÂÜÂÇÕ ÐÂ ÔÇÃâ ÄÐËÏÂÐËÇ
ÄÞÔÑÍÂâ à××ÇÍÕËÄÐÑÔÕß ÃÑÎßÛËÐÔÕÄÂ ÔÕÂÆËÌ ÔËÐÕÇÊÂ. ³ÖÏ-
ÏÂÓÐÞÌ ÄÞØÑÆ ÆÇÊÑÍÔËÖÓÑÕËÑÐÂ (3b) Ä àÕÑÏ ÒÓÇÄÓÂÜÇÐËË
ÔÑÔÕÂÄÎâÇÕ 9%.

(�)-µÓÑÕËÑÐ (3a) ÒÑÎÖÚÂáÕ ÂÐÂÎÑÅËÚÐÑ ËÊ ÆËÙËÂÐÑÒËÓ-
ÂÊËÐÂ 88, ÏÑÆË×ËÙËÓÖâ ÎËÛß ÖÔÎÑÄËâ ÑÕÆÇÎßÐÞØ ÔÕÂÆËÌ.47

£ ÓÑÆÔÕÄÇÐÐÑÌ ÔÕÓÂÕÇÅËË ÒÑÔÕÓÑÇÐËâ ÕËÇÐÑ[3,2-g]ÒÕÇÓË-
ÆËÐÑÄ ËÊ ÒÓÑËÊÄÑÆÐÑÅÑ ÄËÐËÎÒËÓÂÊËÐÂ 89 Í ÊÂÏÞÍÂÐËá
ÕËÑ×ÇÐÑÄÑÅÑ ÙËÍÎÂ ÒÓËÄÑÆËÕ ÐÖÍÎÇÑ×ËÎßÐÑÇ ÒÓËÔÑÇÆËÐÇÐËÇ
ÏÇÓÍÂÒÕÑÅÓÖÒÒÞ ÒÑ ÑÓÕÑ-ÓÂÔÒÑÎÑÉÇÐÐÑÌ ÄËÐËÎßÐÑÌ ÅÓÖÒÒÇ
(90? 91), ÒËÓËÏËÆËÐÑÄÞÌ ÙËÍÎ ÆÑÔÕÓÂËÄÂÇÕÔâ, ÍÂÍ Ë Ä ÒÓÇ-

ÆÞÆÖÜËØ ÒÓËÏÇÓÂØ, ÒÖÕÇÏ ÍÑÐÆÇÐÔÂÙËË Ô ÅÖÂÐËÆËÐÑÏ
(91? 92).48

¥ÑÔÕÓÑÌÍÖ ÕËÑ×ÇÐÑÄÑÅÑ ÙËÍÎÂ Í ÔÕÑÓÑÐÇ g ÒÕÇÓËÆËÐÑÄÑÌ
ÅÇÕÇÓÑÔËÔÕÇÏÞ ÑÔÖÜÇÔÕÄÎâáÕ ÒÑ ÏÇÕÑÆÖ, ÑÒËÔÂÐÐÑÏÖ Ä
ÓÂÃÑÕÇ 49. ªÔØÑÆÐÞÏË ÔÑÇÆËÐÇÐËâÏË ÔÎÖÉÂÕ 6-ÂÎÍËÐËÎÎá-
ÏÂÊËÐÞ 20. ±ÓËÔÑÇÆËÐÇÐËÇ ÃÓÑÏÂ Í ÕÓÑÌÐÑÌ ÔÄâÊË Ë ÒÑÔÎÇ-
ÆÖáÜÇÇ ÄËÍÂÓËÑÊÐÑÇ ÐÖÍÎÇÑ×ËÎßÐÑÇ ÊÂÏÇÜÇÐËÇ ÂÕÑÏÂ
ÄÑÆÑÓÑÆÂ Ä ÔÑÇÆËÐÇÐËË 93 ÒÑÆ ÆÇÌÔÕÄËÇÏ ÕÓËÕËÑÍÂÓÃÑÐÂÕÂ
ÐÂÕÓËâ ÒÓËÄÑÆâÕ Í ÕËÇÐÑ[3,2-g]ÒÕÇÓËÆËÐÂÏ 94.19, 20

N

N

N S

SMe

OMe

N

NH2

H2N

OBut

(77%)

CF3CO2H

208C, 30 ÏËÐ

MeONa, MeOH,
D, 1.5 Ú

86b
N

N

H2N

NC

S

SMe

OMe

OBut
(H2N)2C NH .HCl

88 ...

(77%)

3M H2SO4
3a

(79%)
N

N

N S

SMe

OMe

N

NH2

H2N

OH

N

NC
N

H2N S C NH2

NH2
+ Cl7

EtOH

N

NC
N

H2N S

Pri

H

90 (64%)

N

NC
N

H2N S

Pri

91

(H2N)2C NH

MeONa, MeOH,

N2, D, 24 Ú

89

N

NC
N

H2N Cl
EtOH, N2, D, 74 Ú

N

N

S

Pri
N

NH2N

NH2

92 (92%)

..
Pri

Pri

(H2N)2C S

N

N

N

N

O

O

Me

Me

R

20

Br2

CHCl3, 208C

N

NC
N

H2N

N
OH

O 83

POCl3

DMF, 0? 208C

HSCH2C(O)R

Et3N, EtOH, 208C, 30 ÏËÐ
N

NC
N

N

C
N

Cl

NMe2 88 (46%)

N

NC
N

N

C
N

SCH2C(O)R

NMe2 84 (85 ± 92%)

N

NC
N

N

NMe2

S

NH2

R

O

85 (86 ± 99%)

NaNO2, HBr, CuBr

08C, 0.5 Ú
N

NC
N

N

NMe2

S

Br

R

O

(48 ± 66%)

MeSH, NaH, THF

208C, 3 Ú
N

NC
N

N

NMe2

S

SMe

R

O

(92%)

NaBH4

EtOH, THF,
208C, 5 Ú
(R=Me)

N

NC
N

N

NMe2

S

SMe

Me

OH

(74%)

R=Me, OEt.

87 (37%)

N

N

N S

SMe

Me

OMe

N

NH2

H2N

3b (86%)

N

N

N S

SMe

Me

OH

HN

O

H2N

1MHCl

N2, D, 2 Ú

HC(OMe)3

MeOH, TsOH

1) 208C, 2.5 Ú
2) D, 16 Ú 86a (75%)

N

NC
N

H2N S

SMe

Me

OMe

(H2N)2C NH .HCl

MeONa, MeOH, D, 6 Ú

EtONa

EtOH, 208C, 1 Ú

³ØÇÏÂ 3
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®ÇØÂÐËÊÏ ÊÂÍÎáÚËÕÇÎßÐÑÌ ÔÕÂÆËË àÕÑÅÑ ÔËÐÕÇÊÂ ÏÑÉÐÑ
ÒÓÇÆÔÕÂÄËÕß ÔÎÇÆÖáÜËÏ ÑÃÓÂÊÑÏ:

´ËÇÐÑ[2,3-g]ÒÕÇÓËÆËÐ 95a ÒÑÎÖÚÂáÕ Ä ÕÓË ÔÕÂÆËË ËÊ
1,3-ÆËÏÇÕËÎ-6-ØÎÑÓÎáÏÂÊËÐÂ (23b).21 ¯ÖÍÎÇÑ×ËÎßÐÑÇ ÊÂÏÇ-
ÜÇÐËÇ ÂÕÑÏÂ ØÎÑÓÂ ÂÎÍËÎÕËÑÅÓÖÒÒÑÌ Ë ÒÑÔÎÇÆÖáÜÇÇ ÓÂ-
ÆËÍÂÎßÐÑÇ ÂÙËÎËÓÑÄÂÐËÇ ÆÂáÕ 6,7-ÆËÊÂÏÇÜÇÐÞÌ ÎáÏÂ-
ÊËÐ 96, ÍÑÕÑÓÞÌ ÙËÍÎËÊÖÇÕÔâ Ä ÕËÇÐÑÒÕÇÓËÆËÐ 95a ÒÑÆ ÆÇÌ-
ÔÕÄËÇÏ ÏÇÕËÎÂÕÂ ÐÂÕÓËâ.

ªÊÑÏÇÓÐÞÌ ÕËÇÐÑ[3,2-g]ÒÕÇÓËÆËÐ 95b ÔËÐÕÇÊËÓÖáÕ ÂÐÂÎÑ-
ÅËÚÐÑ ËÊ 1,3-ÆËÏÇÕËÎ-7-ØÎÑÓÎáÏÂÊËÐÂ 23a.21

4. ±ËÓÂÊÑÎÑ- Ë ËÊÑÕËÂÊÑÎÑÒÕÇÓËÆËÐÞ

±ÕÇÓËÆËÐÞ, ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞÇ Ô ÒËÓÂÊÑÎßÐÞÏ ËÎË ËÊÑÕË-
ÂÊÑÎßÐÞÏ ÙËÍÎÑÏ, Ä ÐÂÔÕÑâÜÇÇ ÄÓÇÏâ ÒÓÇÆÔÕÂÄÎÇÐÞ ÎËÛß
ÒÓÑËÊÄÑÆÐÞÏË ÅÇÕÇÓÑÙËÍÎËÚÇÔÍËØ ÔËÔÕÇÏ XIV ëXVI.

±ËÓÂÊÑÎÑÒÕÇÓËÆËÐÞ 97a,b ÒÑÎÖÚÂáÕ ÑÃÓÂÃÑÕÍÑÌ 6(7)-
ÒÓÑÒËÑÐËÎ-7(6)-X-ÎáÏÂÊËÐÑÄ 98a,b (X=SMe (a), Cl (b))
ÅËÆÓÂÊËÐÑÏ ËÎË ÏÇÕËÎÅËÆÓÂÊËÐÑÏ. °ÚÇÄËÆÐÑ, ËÐÕÇÓÏÇÆËÂ-
ÕÂÏË ÒÓÇÄÓÂÜÇÐËâ ÔÎÖÉÂÕ ÔÑÑÕÄÇÕÔÕÄÖáÜËÇ ÅËÆÓÂÊÑÐÞ.21

£ ÔËÐÕÇÊÇ ËÊÑÕËÂÊÑÎÑÒÕÇÓËÆËÐÑÄ ÕËÒÂ XVI ËÔØÑÆâÕ ËÊ
ÒÓÑËÊÄÑÆÐÞØ ËÊÑÕËÂÊÑÎÂ, ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑ ÆÑÔÕÓÂËÄÂâ ÒËÓ-
ÂÊËÐÑÄÞÌ Ë ÒËÓËÏËÆËÐÑÄÞÌ ÙËÍÎÞ.50

ªÔØÑÆÐÞÇ 5-ÂÏËÐÑËÊÑÕËÂÊÑÎÞ ÂÙËÎËÓÖáÕ Ë ÊÂÕÇÏ ÐËÕÓÑ-
ÊËÓÖáÕ ÒÑ ÂÕÑÏÖ C(4). ¥ÂÎÇÇ ÐËÕÓÑÊÑÒÓÑËÊÄÑÆÐÞÇ ÍÑÐÆÇÐÔË-
ÓÖáÕ Ô ÏÂÎÑÐÑÐËÕÓËÎÑÏ Ä ÒÓËÔÖÕÔÕÄËË ÕÓËàÕËÎÂÏËÐÂ,
ÒÑÎÖÚÂâ ËÊÑÕËÂÊÑÎÑÒËÓÂÊËÐÞ 99. ±ÑÔÎÇÆÐËÇ ÒÓÇÄÓÂÜÂáÕ Ä
ËÊÑÕËÂÊÑÎÑÒÕÇÓËÆËÐÞ 100 ÆÇÌÔÕÄËÇÏ ÅÖÂÐËÆËÐÂ.
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N

N

N

O

O

Me

Me
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94 (58 ± 61%)

N

N

N

N

O

O
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R=Ph, n-C6H13 , SiMe3 .
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H
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N

N

N

N

O

O
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Me Cl
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HSCH2CO2Me

MeONa7MeOH, 208C, 1.5 Ú

N

N

SCH2CO2Me

(67%)

EtCHO

FeSO4, ButOOH, AcOH7H2O,

208C, 0.5 Ú

N

N

SCH2CO2Me

O
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MeOH

N

N

S

Et
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95a (41%)
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N
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N
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N

N

N

O

O

Me

Me
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NH2NHR N

N

N

N

O

O

Me

Me

N
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R

97a (41 ± 77%)

N

N

N
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O

O

Me

Me Cl
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NH2NHR N

N

N

N

O

O

Me

Me

N

N

R
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R=H, Me.

CHCl3,

208C, 17 Ú
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N
S
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N

N

S
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N

N
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d7

S
N

H2N
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2) HOSO3NO,

DMF, 08C, 2 Ú
S

N
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N
Ac

H

CH2(CN)2

Et3N, EtOH,

08C, 8 Ú

N

N

N

S

NC

H2N

R

99 (26%)

MeOH, D, 5 Ú

100 (77%)

N

N

N

NH2N S

N

NH2 R

(H2N)2C NH

R=Me, SMe.
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³ÑÇÆËÐÇÐËâ 100 ÒÑÎÖÚÇÐÞ ÕÂÍÉÇ ÍÑÐÆÇÐÔÂÙËÇÌ 2,4,6-ÕÓË-
ÂÏËÐÑÒËÓËÏËÆËÐÂ Ô 5-ÂÙÇÕËÎÂÏËÐÑ-4-ÐËÕÓÑÊÑËÊÑÕËÂÊÑ-
ÎÂÏË.50

ªÊÑÕËÂÊÑÎÑÒÕÇÓËÆËÐÞ 101 ÔËÐÕÇÊËÓÖáÕ ÂÐÂÎÑÅËÚÐÑ, ËÔ-
ÒÑÎßÊÖâ ÄÏÇÔÕÑ ÕÓËÂÏËÐÑÒËÓËÏËÆËÐÂ 2,6-ÆËÂÏËÐÑÒËÓË-
ÏËÆËÐ-4(3H)-ÑÐ.50

5. ªÏËÆÂÊÑ- Ë ÃÇÐÊËÏËÆÂÊÑÒÕÇÓËÆËÐÞ

ªÊÄÇÔÕÐÞ ÒÓÑËÊÄÑÆÐÞÇ ËÏËÆÂÊÑ- Ë ÃÇÐÊËÏËÆÂÊÑÒÕÇÓËÆËÐÑÄ,
ÑÕÐÑÔâÜËÇÔâ Í ÔÕÓÖÍÕÖÓÐÞÏ ÕËÒÂÏ XVII ëXXII.

¯ÂËÃÑÎßÛÇÇ ÍÑÎËÚÇÔÕÄÑ ÒÖÃÎËÍÂÙËÌ ÒÑÔÄâÜÇÐÑ ÔËÐÕÇÊÖ
ËÏËÆÂÊÑ[4,5-g]-ÒÕÇÓËÆËÐÑÄ (ÐÂÒÓËÏÇÓ, ÔÑÇÆËÐÇÐËâ 102), ÕÂÍ

ÍÂÍ àÕÂ ÅÇÕÇÓÑÙËÍÎËÚÇÔÍÂâ ÔËÔÕÇÏÂ ÎÇÉËÕ Ä ÑÔÐÑÄÇ ÒÓËÓÑÆ-
ÐÑÅÑ ÒËÅÏÇÐÕÂ ÓÖÔÔÖÒÕÇÓËÆËÐÂ ÉÇÎÕÑÅÑ (6). ¯ÂÒÓËÏÇÓ, ÂÐÐÇ-
ÎËÓÑÄÂÐËÇ ËÏËÆÂÊÑÎßÐÑÅÑ ÙËÍÎÂ Í ÔÕÑÓÑÐÇ g ÒÕÇÓËÆËÐÂ
ÑÔÖÜÇÔÕÄÎâÇÕÔâ Ä ÕÂÐÆÇÏÐÑÌ ANëAN-ÓÇÂÍÙËË Ô ÖÚÂÔÕËÇÏ
ÍÂÕËÑÐÂ ÒÕÇÓËÆËÐËâ 12 (ÆËàÎÇÍÕÓÑ×ËÎßÐÞÌ ÔÖÃÔÕÓÂÕ) Ë
N-×ÇÐËÎÕËÑÏÑÚÇÄËÐÞ (ÆËÐÖÍÎÇÑ×ËÎ).17

¥ÑÔÕÖÒÐÞÏË ÔËÐÕÇÕËÚÇÔÍËÏË ÒÓÇÆÛÇÔÕÄÇÐÐËÍÂÏË ËÏËÆ-
ÂÊÑ[4,5-g]- Ë ËÏËÆÂÊÑ[5,4-g]ÒÕÇÓËÆËÐÑÄ ÔÎÖÉÂÕ 6,7-ÆËÂÏËÐÑ-
ÒÕÇÓËÆËÐÞ. ©ÂÏÞÍÂÐËÇ ËÏËÆÂÊÑÎßÐÑÅÑ ÙËÍÎÂ âÄÎâÇÕÔâ
ÓÇÊÖÎßÕÂÕÑÏ ËØ ÄÊÂËÏÑÆÇÌÔÕÄËâ Ô ÑÆÐÑÖÅÎÇÓÑÆÐÞÏË àÎÇÍÕ-
ÓÑ×ËÎßÐÞÏË ÂÅÇÐÕÂÏË. ¯ÂÒÓËÏÇÓ, ÒÓË ÐÂÅÓÇÄÂÐËË ÕÇÕÓÂ-
ÂÏËÐÑÒÕÇÓËÆËÐÂ 103 Ô ×ÑÓÏÂÏËÆÑÏ ÑÃÓÂÊÖÇÕÔâ ËÏËÆ-
ÂÊÑ[4,5-g]ÒÕÇÓËÆËÐ 104.51

¬ÑÐÆÇÐÔÂÙËâ 6,7-ÆËÂÏËÐÑÎáÏÂÊËÐÑÄ 105 Ô ×ÑÓÏÂÏËÆÑÏ,
ÂÙÇÕÂÐÅËÆÓËÆÑÏ, ÂÓÑËÎØÎÑÓËÆÂÏË ËÎË ÏÑÚÇÄËÐÑÌ ÒÑÊÄÑÎâÇÕ
ÒÑÎÖÚÂÕß ÓÂÊÐÑÑÃÓÂÊÐÞÇ ËÏËÆÂÊÑÒÕÇÓËÆËÐÞ 106 ë 109 Ô ØÑ-
ÓÑÛËÏË ÄÞØÑÆÂÏË (ÔØÇÏÂ 4).52
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H

N
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N

N
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N
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O
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N
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H

H

(H2N)2C O

(R1=R2=H)

(R1=Me; R2=H)

N

N

N

N

O

O

Me
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N

N
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H

N

N

N

N

O

O

Me

Me

N

N

R2

107 (80 ± 82%)

(R1=R2=H)

R3C(O)X

HC(O)NH2

(R1=H, R2 =Me, Ph)

¥Îâ 106, 108: X=Cl: R3=Ph, C6H4Y (Y=4-Cl, 3-Cl, 2-Cl), C6H3Y2 (Y2=2,4-Cl2 , 3,4-Cl2); X=NH2 , R3=H; X=OAc, R3=Me.

N

N

N

N

O

O
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7-¡ÏËÐÑÒÕÇÓËÆËÐ-6-ÍÂÓÃÑÍÔÂÏËÆ 110, ÒÑÎÖÚÇÐÐÞÌ ÍÑÐ-
ÆÇÐÔÂÙËÇÌ 4,6-ÆËÂÏËÐÑ-5-ÐËÕÓÑÊÑ-2-×ÇÐËÎÒËÓËÏËÆËÐÂ Ô ÙËÂ-
ÐÑÂÙÇÕÂÏËÆÑÏ, ÒÓË ÑÃÓÂÃÑÕÍÇ ÅËÒÑÃÓÑÏËÕÑÏ ÍÂÎËâ Ä
ÄÑÆÐÑÏ ¥®¶¡ ÒÑÆÄÇÓÅÂÇÕÔâ ÒÇÓÇÅÓÖÒÒËÓÑÄÍÇ ¤Ñ×ÏÂÐÂ Ô
ÒÑÔÎÇÆÖáÜÇÌ ÙËÍÎËÊÂÙËÇÌ Ä ËÏËÆÂÊÑ[4,5-g]ÒÕÇÓËÆËÐ 111.53

£ÊÂËÏÑÆÇÌÔÕÄËÇ ÍÑÏÏÇÓÚÇÔÍË ÆÑÔÕÖÒÐÑÅÑ 2,5-ÆËÂÏËÐÑ-
3,6-ÆËÙËÂÐÑÒËÓÂÊËÐÂ (112) Ô ÃÖÕËÎËÊÑÙËÂÐÂÕÑÏ Ä ÒÓËÔÖÕ-
ÔÕÄËË ÅËÆÓËÆÂ ÐÂÕÓËâ ÒÓËÄÑÆËÕ Í ËÏËÆÂÊÑÒÕÇÓËÆËÐÖ 113, ÐÑ
Ô ÐËÊÍËÏ ÄÞØÑÆÑÏ.54 ªÐÕÇÓÏÇÆËÂÕÑÏ ÆÂÐÐÑÅÑ ÒÓÇÄÓÂÜÇÐËâ
ÔÎÖÉËÕ ÆËÖÓÇËÆ 114. £ÐÖÕÓËÏÑÎÇÍÖÎâÓÐÂâ ÐÖÍÎÇÑ×ËÎßÐÂâ
ÂÕÂÍÂ ÂÏËÐÑÅÓÖÒÒÞ ÄÇÆÇÕ Í ÊÂÏÇÜÇÐËá ÐËÕÓËÎÂ Ë ÊÂÏÞÍÂ-
ÐËá ËÏËÆÂÊÑÎßÐÑÅÑ ÙËÍÎÂ. ¡ÐÐÇÎËÓÑÄÂÐËÇ ÒËÓËÏËÆËÐÑÄÑÅÑ
ÙËÍÎÂ âÄÎâÇÕÔâ ÔÎÇÆÔÕÄËÇÏ ÐÖÍÎÇÑ×ËÎßÐÑÌ ÂÕÂÍË ÍÑÐÙÇÄÑÌ
ÂÏËÐÑÅÓÖÒÒÞ ÖÓÇËÆÐÑÅÑ ×ÓÂÅÏÇÐÕÂ ÒÑ ÑÓÕÑ-ÙËÂÐÑÅÓÖÒÒÇ
ÔÑÇÆËÐÇÐËâ 115.

±ËÅÏÇÐÕ ÓÖÔÔÖÒÕÇÓËÆËÐ ÉÇÎÕÞÌ IV (6) âÄÎâÇÕÔâ ÏËÐÑÓ-
ÐÞÏ ÒÓÑÆÖÍÕÑÏ ÍÑÐÆÇÐÔÂÙËË ÓËÃËÕËÎÒÓÑËÊÄÑÆÐÑÅÑ 5,6-ÆË-
ÂÏËÐÑÖÓÂÙËÎÂ 116 Ô ÒÂÓÂÃÂÐÑÄÑÌ ÍËÔÎÑÕÑÌ Ä ÒÓËÔÖÕÔÕÄËË
Ò-ÕÑÎÖÑÎÔÖÎß×ÑÍËÔÎÑÕÞ.7

¬ÑÐÆÇÐÔÂÙËâ Ñ-ÆËÂÏËÐÑÒËÓËÏËÆËÐÑÄ Ô 4,5-ÆËËÏËÐÑ-
1,3-ÆËÏÇÕËÎËÏËÆÂÊÑÎËÆËÐ-2-ÑÐÑÏ Ä ÖÍÔÖÔÐÑÌ ÍËÔÎÑÕÇ ÒÓÑÕÇ-
ÍÂÇÕ ÃÑÎÇÇ à××ÇÍÕËÄÐÑ, ÄÞØÑÆ ËÏËÆÂÊÑÒÕÇÓËÆËÐÑÄ 117 ÒÓÇ-
ÄÞÛÂÇÕ 74%.55

6-¡ÏËÐÑ-5-ÐËÕÓÑÊÑÖÓÂÙËÎ 118 ÄÊÂËÏÑÆÇÌÔÕÄÖÇÕ Ô 2-ÕËÑ-
ÅËÆÂÐÕÑËÐÑÏ c ÑÃÓÂÊÑÄÂÐËÇÏ ÂÊÑÏÇÕËÐÂ 119, ÍÑÕÑÓÞÌ ÙËÍÎË-
ÊÖÇÕÔâ Ä ËÏËÆÂÊÑ[4,5-g]ÒÕÇÓËÆËÐ 120 ÒÓË ÍËÒâÚÇÐËË Ô ÄÑÆÐÑÌ
ÜÇÎÑÚßá.56
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£ ËÊÄÇÔÕÐÞØ ÏÇÕÑÆÂØ ÔËÐÕÇÊÂ ËÏËÆÂÊÑ[2,1-b]ÒÕÇÓËÆËÐÑÄ
ÒËÓËÏËÆËÐÑÄÞÌ Ë ËÏËÆÂÊÑÎßÐÞÌ ÙËÍÎÞ ÆÑÔÕÓÂËÄÂáÕ Í
ÒËÓÂÊËÐÑÄÑÏÖ. £ ÚÂÔÕÐÑÔÕË, ÒÓÇÆÎÑÉÇÐ ÆÄÖÔÕÂÆËÌÐÞÌ
ÏÇÕÑÆ ÒÑÎÖÚÇÐËâ ÅÇÕÇÓÑÂÐÐÇÎËÓÑÄÂÐÐÑÅÑ ËÏËÆÂÊÑÎËÆËÐÑÐÂ
121 ËÊ 3-ÂÏËÐÑÒËÓÂÊËÐ-2-ÍÂÓÃÑÍÔÂÏËÆÂ 122. ±ÑÔÎÇÆÐËÌ ÒÓÇ-
ÄÓÂÜÂáÕ Ä ÂÊÂ-ÓÇÂÅÇÐÕ £ËÕÕËÅÂ 123 Ë ÊÂÕÇÏ ÑÃÓÂÃÂÕÞÄÂáÕ
×ÇÐËÎËÊÑÙËÂÐÂÕÑÏ ÒÓË ÐÂÅÓÇÄÂÐËË Ä ÍÔËÎÑÎÇ. ±ÓÑÏÇÉÖÕÑÚ-
ÐÞÌ ÒÕÇÓËÆËÐ 124 ÒÑÆÄÇÓÅÂÇÕÔâ ÔÂÏÑÒÓÑËÊÄÑÎßÐÑÌ ÙËÍÎËÊÂ-
ÙËË Ä ËÏËÆÂÊÑÒÕÇÓËÆËÐ 121.57

¬ÂÕÂÎËÊËÓÖÇÏÑÇ àÎÇÍÕÓÑ×ËÎÑÏ ÐÖÍÎÇÑ×ËÎßÐÑÇ ÒÓËÔÑ-
ÇÆËÐÇÐËÇ ÂÏËÐÑÅÓÖÒÒÞ Í ÂÎÎËÎßÐÑÌ ÔÄâÊË C=C ÎÇÉËÕ Ä
ÑÔÐÑÄÇ ÆÓÖÅÑÅÑ ÏÇÕÑÆÂ ÒÑÎÖÚÇÐËâ ËÏËÆÂÊÑ[2,1-b]ÒÕÇÓËÆËÐÑÄ.
´ÂÍ, ÒÓË ÑÃÓÂÃÑÕÍÇ 3-ÂÎÎËÎÒÕÇÓËÆËÐÑÄ 125 ËÑÆÑÏ Ä ´¤¶
ÑÃÓÂÊÖáÕÔâ ËÏËÆÂÊÑÒÕÇÓËÆËÐÞ 126.57

ªÏËÆÂÊÑÒÕÇÓËÆËÐÞ 127 ËÊÑÏÇÓÐÑÅÑ [1,2-a]-ÓâÆÂ ÒÑÎÖ-
ÚÂáÕ Ô ÍÑÎËÚÇÔÕÄÇÐÐÞÏ ÄÞØÑÆÑÏ ÙËÍÎËÊÂÙËÇÌ 2-ÂÎÎËÎ-
ÂÏËÐÑ-3-ÂÓËÎÒÕÇÓËÆËÐ-4(3H)-ÑÐÑÄ 128 Ä ÂÐÂÎÑÅËÚÐÞØ
ÖÔÎÑÄËâØ.58

¯ÇÊÂÏÇÜÇÐÐÞÇ ÒÑ ÂÕÑÏÖ N(3) 2-ÂÎÎËÎÂÏËÐÑÃÇÐÊÑÒÕÇÓË-
ÆËÐÞ 129 ÙËÍÎËÊÖáÕÔâ Ä ÃÇÐÊËÏËÆÂÊÑ[2,1-b]ÒÕÇÓËÆËÐÞ 130
ÒÑÆ ÆÇÌÔÕÄËÇÏ ×ÇÐËÎÔÇÎÇÐÇÐËÎØÎÑÓËÆÂ.59

£ÊÂËÏÑÆÇÌÔÕÄËÇ 3-ÂÏËÐÑÒËÓÂÊËÐ-2-ÍÂÓÃÑÍÔËÎÂÕÂ 131 Ô
2-ÏÇÕËÎÕËÑËÏËÆÂÊÑÎËÐÑÏ ÒÓËÄÑÆËÕ Í ÑÆÐÑÄÓÇÏÇÐÐÑÏÖ
ÂÐÐÇÎËÓÑÄÂÐËá ÒËÓËÏËÆËÐÑÄÑÅÑ Ë ËÏËÆÂÊÑÎßÐÑÅÑ ÙËÍÎÑÄ Í
ËÔØÑÆÐÑÏÖ ÅÇÕÇÓÑÙËÍÎÖ, Ä ÓÇÊÖÎßÕÂÕÇ ÚÇÅÑ Ô ÄÞØÑÆÑÏ 53%
ÑÃÓÂÊÖÇÕÔâ 7,8-ÆËÅËÆÓÑËÏËÆÂÊÑ[2,1-b]ÒÕÇÓËÆËÐ-10(6H)-ÑÐ
(132).60 ®ÇØÂÐËÊÏ ÅÇÕÇÓÑÙËÍÎËÊÂÙËË ÄÍÎáÚÂÇÕ ÐÖÍÎÇÑ×ËÎß-
ÐÑÇ ÊÂÏÇÜÇÐËÇ ÏÇÕËÎÕËÑÅÓÖÒÒÞ ÏÇÕËÎÕËÑËÏËÆÂÊÑÎËÐÂ
ÂÏËÐÑÅÓÖÒÒÑÌ ÔÑÇÆËÐÇÐËâ 131 Ë ÒÑÔÎÇÆÖáÜÖá ÄÐÖÕÓËÏÑÎÇ-
ÍÖÎâÓÐÖá ÓÇÂÍÙËá ÂÙËÎËÓÑÄÂÐËâ.

¬ÑÐÆÇÐÔÂÙËâ ÔÑÇÆËÐÇÐËâ 131 Ô 2-[ÃËÔ(ÏÇÕËÎÕËÑ)ÏÇÕËÎ-
ËÆÇÐÂÏËÐÑ]ÂÙÇÕÂÕÑÏ 133 ÆÂÇÕ ÒÕÇÓËÆËÐ 134, ÍÑÕÑÓÞÌ ÒÑÆ
ÆÇÌÔÕÄËÇÏ ÅËÆÓÂÊËÐÅËÆÓÂÕÂ ÙËÍÎËÊÖÇÕÔâ Ä ËÏËÆÂÊÑÒÕÇÓËÆËÐ
135.60

£ ÑÔÐÑÄÇ ÒÑÔÕÓÑÇÐËâ ËÏËÆÂÊÑ[1,2-c]ÒÕÇÓËÆËÐÑÄ 136 ÎÇÉËÕ
ÙËÍÎËÊÂÙËâ ÔÎÇÆÖáÜÇÅÑ ÕËÒÂ:61
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135 (51%)

N

N

N

N

O

N

O

H2N

133

SMeMeS

+ 131
AcOH

D, 8 Ú

EtO2C N

N

N

N

N

N
d7

d7

C
C
d+

d+
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²ÑÎß ÃË×ÖÐÍÙËÑÐÂÎßÐÑÅÑ àÎÇÍÕÓÑ×ËÎÂ ÄÞÒÑÎÐâÇÕ ØÎÑÓ-
ÂÙÇÕÂÎßÆÇÅËÆ, Â 4-ÂÏËÐÑÒÕÇÓËÆËÐ 137 ÖÚÂÔÕÄÖÇÕ Ä ÙËÍÎËÊÂÙËË
ÍÂÍ 1,3-N,N-ÆËÐÖÍÎÇÑ×ËÎ.

ªÐÕÇÓÇÔÐÑ, ÚÕÑ ÄÊÂËÏÑÆÇÌÔÕÄËÇ 4-ÂÏËÐÑÒÕÇÓËÆËÐÂ 138 Ô
ØÎÑÓÂÙÇÕÂÎßÆÇÅËÆÑÏ Ä ÂÐÂÎÑÅËÚÐÞØ ÖÔÎÑÄËâØ ÒÓËÄÑÆËÕ Í
ÓÂÔÍÓÞÕËá ÒËÓËÏËÆËÐÑÄÑÅÑ ÙËÍÎÂ Ë ÑÃÓÂÊÑÄÂÐËá ËÏËÆ-
ÂÊÑÎËÎÒËÓÂÊËÐÂ 139 ÄÏÇÔÕÑ ÑÉËÆÂÇÏÑÅÑ ËÏËÆÂÊÑÒÕÇÓË-
ÆËÐÂ.62 °ÆÐÂÍÑ ÍËÔÎÑÕÐÞÌ ÅËÆÓÑÎËÊ ÔÑÇÆËÐÇÐËâ 139 Ë ÒÑÔÎÇ-
ÆÖáÜÂâ ÑÃÓÂÃÑÕÍÂ ÂÏËÐÑÒÓÑËÊÄÑÆÐÑÅÑ 140 ÑÓÕÑà×ËÓÂÏË
ÒÑÊÄÑÎâÇÕ ÒÑÎÖÚËÕß ËÏËÆÂÊÑ[1,2-c]ÒÕÇÓËÆËÐÞ 141 Ô ØÑÓÑÛËÏ
ÄÞØÑÆÑÏ.

¡ÐÂÎÑÅËÚÐÞÌ ÒÑÆØÑÆ Í ÒÑÔÕÓÑÇÐËá ËÏËÆÂÊÑ[1,2-c]-
ÒÕÇÓËÆËÐÑÄÑÌ ÔËÔÕÇÏÞ ËÔÒÑÎßÊÑÄÂÐ Ä ÓÂÃÑÕÇ 63. ¬ÎáÚÇÄÑÌ
ÆËÅËÆÓÑËÏËÆÂÊÑÎËÎÒËÓÂÊËÐ 142 ÒÑÎÖÚÂÎË ÍÑÐÆÇÐÔÂÙËÇÌ

ÙËÂÐÑÒËÓÂÊËÐÑÄ 143 Ô àÕËÎÇÐÆËÂÏËÐÑÏ. ¸ËÍÎËÊÖáÜËÏË
ÂÅÇÐÕÂÏË ÔÎÖÉËÎË ÑÓÕÑà×ËÓÞ, ÂÎßÆÇÅËÆÞ ËÎË ÍÇÕÑÐÞ.

¸ËÍÎËÊÂÙËâ 5-ÂÏËÐÑ-4,6-ÃËÔ(ËÏËÆÂÊÑÎËÎ)ÒËÓËÏËÆËÐÂ
144 ÒÑÆ ÆÇÌÔÕÄËÇÏ N,N 0-ÍÂÓÃÑÐËÎÆËËÏËÆÂÊÑÎÂ ÒÓËÄÑÆËÕ Í
ÑÃÓÂÊÑÄÂÐËá ËÏËÆÂÊÑ[4,3-h]ÒÕÇÓËÆËÐÂ 145. ³ÑÇÆËÐÇÐËÇ 144
ÒÑÎÖÚÂáÕ ËÊ ÍÑÏÏÇÓÚÇÔÍË ÆÑÔÕÖÒÐÑÅÑ 5-ÐËÕÓÑ-4,6-ÆËØÎÑÓ-
ÒËÓËÏËÆËÐÂ.64

±ÓÑËÊÄÑÆÐÞÇ ËÏËÆÂÊÑ[1,2,3-i, j ]ÒÕÇÓËÆËÐÂ 146 ë 148
ÏÑÅÖÕ ÃÞÕß ÔËÐÕÇÊËÓÑÄÂÐÞ ËÊ ÂÏËÐÑÒÓÑËÊÄÑÆÐÞØ ÖÓÂÙËÎÂ
149 Ë 150.65

N

N

N

NMeS

R

R

NH2

137

ClCH2CH O

MeOH7H2O,

658C, 2 Ú

N

N

N

NMeS

R

R

N

136 (36 ± 40%)

R=H, Me.

N

N

N

NMe

R1

R1

NH2

138

ClCH2CH O

H2O, 608C, 5 Ú

H
N

HN

N

N

R1

R1

N

Ac 139

0.1 M HCl

D, 4 Ú

N

H2N

N

N

R1

R1

N

140

H
R2C(OEt)3

a ËÎË b

N

N

N

N

R1

R1

N

R2

141

R1=H, Me; R2=H, Me, Et; aÐ PhMe, D, 9 ± 24 Ú;
bÐCF3CO2H, D, 2.5 ± 7 Ú.

N

N

Cl

Cl

NO2

EtOAc, 208C,
24 Ú

N

N
Et

H N

N

N

N

NO2

N

Et

N

Et

SnCl4

EtOAc, 208C,
24 Ú

N

N

N

N

NH2

N

Et

N

Et

144

N
NN

N

O

N

N

N

N

N

N

Et

N

Et

O

145 (72%)

H

1,2-Cl2C6H4, N2,

D, 2 Ú

HN

N

O

NH

NO2

O

OH

H

149

HN

N

O

N

N

O

R

O

OH
H

DMF

D, 10 Ú

HN

N

O

NH

NO2

O

(72%)

(50 ± 77%) 146 (51 ± 87%)

HN

N

O

N

N

O
+

147 (53%)

2) HO2CC(O)R

1) H2, Pd/C

DMF

D, 5 Ú

R=H, Me, Ph.

HN

N

O

N

N

O

R

O

1) H2, PtO2

2) HO2CCHO

HN

N

O

NH2

NH2

O

OH

HN

N

O

N

N

O

Me

Me

OH

HN

N

O

N

N

O

Me

CH2

(71%)

150

AcOH, H2O, D, 20 ÏËÐ

1) MeSO2Cl, Py

2) Py, D, 30 ÏËÐ

148 (63%)

O O

MeMe

N

N XNC

H2N

143

NH2(CH2)2NH2

P4S10, 40?908C, 18 ± 25 Ú H

142

N

H2N

N

N

X

N

R1C(OEt)3

R2R3C=O, EtOH, HCl

50 ± 608C, 1 ± 5 Ú

X=H, Br; R1=H, Me; R2, R3=H, Me, Et, Ph, 4-NO2C6H4;

R27R3=(CH2)5 .

N

N

N

N

X

N

R1

(66 ± 72%)

N

N

N

N

X

N

R3

R2

(27 ± 95%)H

HCO2H ËÎË AcOH,

D, 4 Ú
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±ÑÆÑÃÐÑ ÔÑÇÆËÐÇÐËâÏ 148 ÒÑÎÖÚÂáÕ Ë 1,2-ÆËÅËÆÓÑ-
ÃÇÐÊÑ[g]ËÏËÆÂÊÑ[1,2,3-i, j ]ÒÕÇÓËÆËÐÆËÑÐÞ 151.66 ¬ÎáÚÇÄÂâ
ÔÕÂÆËâ ÔËÐÕÇÊÂ ì ØÎÑÓËÓÑÄÂÐËÇ 10-(2-ÅËÆÓÑÍÔËàÕËÎ)ÒÓÑ-
ËÊÄÑÆÐÞØ ÃÇÐÊÑÒÕÇÓËÆËÐÂ 152 ÕËÑÐËÎØÎÑÓËÆÑÏ ì ÔÑ-
ÒÓÑÄÑÉÆÂÇÕÔâ ÄÐÖÕÓËÏÑÎÇÍÖÎâÓÐÑÌ ÍÄÂÕÇÓÐËÊÂÙËÇÌ Ô
ÑÃÓÂÊÑÄÂÐËÇÏ ËÏËÆÂÊÑÒÕÇÓËÆËÐËÇÄÞØ ÔÑÎÇÌ 153. ±ÑÔÎÇÆÐËÇ
ÎÇÅÍÑ ÄÑÔÔÕÂÐÂÄÎËÄÂáÕÔâ ÆÑ ÃÇÐÊËÏËÆÂÊÑÒÕÇÓËÆËÐÑÄ 151
ÆÇÌÔÕÄËÇÏ ÙËÐÍÂ Ä ÔÏÇÔË ÕÓË×ÕÑÓÖÍÔÖÔÐÑÌ ÍËÔÎÑÕÞ Ë ÖÍÔÖÔ-
ÐÑÅÑ ÂÐÅËÆÓËÆÂ.

°ÃÓÂÃÑÕÍÂ 5-ÂÏËÐÑ-4-[ÃËÔ(b-ÅËÆÓÑÍÔËàÕËÎ)ÂÏËÐÑ]ÒËÓË-
ÏËÆËÐÑÄ 154 ÕËÑÐËÎØÎÑÓËÆÑÏ ÒÓËÄÑÆËÕ Í ÃËÔ(b-ØÎÑÓàÕËÎ)-
ÂÏËÐÑÒÓÑËÊÄÑÆÐÞÏ 155, ÍÑÕÑÓÞÇ ÔÂÏÑÒÓÑËÊÄÑÎßÐÑ ÙËÍÎË-
ÊÖáÕÔâ Ä ËÏËÆÂÊÑÒËÓËÏËÆËÐÞ 156 Ë ËÏËÆÂÊÑ[1,2,3-i, j ]ÒÕÇÓË-
ÆËÐÞ 157.67 ³ÑÇÆËÐÇÐËâ 156 ÏÑÅÖÕ ÃÞÕß ÒÓÇÄÓÂÜÇÐÞ Ä
ËÏËÆÂÊÑÒÕÇÓËÆËÐÞ 157 ÐÂÅÓÇÄÂÐËÇÏ Ä ÄÑÆÇ ËÎË ÆËÏÇÕËÎ-
×ÑÓÏÂÏËÆÇ.

¦ÆÄÂ ÎË ÐÇ ÇÆËÐÔÕÄÇÐÐÞÌ ÏÇÕÑÆ ÔËÐÕÇÊÂ ÃÇÐÊËÏËÆÂÊÑÒÕÇ-
ÓËÆËÐÑÄ ÄÍÎáÚÂÇÕ ÍÑÐÆÇÐÔÂÙËá 2-(ÂÎÍËÎÂÏËÐÑÏÇÕËÎ)ÃÇÐÊ-
ËÏËÆÂÊÑÎÑÄ 158 Ô 5-ÃÓÑÏ- ËÎË 5-ÃÓÑÏ-5-ÐËÕÓÑÃÂÓÃËÕÖÓÑÄÑÌ
ÍËÔÎÑÕÑÌ.68 ±ÓË àÕÑÏ ÒÇÓÄÑÐÂÚÂÎßÐÞÇ ÒÓÑÆÖÍÕÞ ÂÏËÐÑÆÇ-

ÃÓÑÏËÓÑÄÂÐËâ 159 ÒÑÆÄÇÓÅÂáÕÔâ ÎËÃÑ ÔÂÏÑÒÓÑËÊÄÑÎßÐÑÌ
(159? 160, X=H), ÎËÃÑ ÕÇÓÏËÚÇÔÍÑÌ (159? 161, X=NO2)
ÙËÍÎËÊÂÙËË Ä ÃÇÐÊËÏËÆÂÊÑ[2,1-h]ÒÕÇÓËÆËÐÞ. ¤ÇÕÇÓÑÙËÍÎËÊÂ-
ÙËâ 159? 161 ÒÓÑÕÇÍÂÇÕ Ë ÒÓË ÐÂÅÓÇÄÂÐËË ÔÑÇÆËÐÇÐËÌ 159
(X=NO2) Ä 5%-ÐÑÏ ÓÂÔÕÄÑÓÇ NaOH.

°ÕÏÇÕËÏ, ÚÕÑ ÅÇÕÇÓÑÙËÍÎËÚÇÔÍÂâ ÔËÔÕÇÏÂ ËÏËÆÂÊÑ[1,5-f ]-
ÒÕÇÓËÆËÐÂ, ÎÇÉÂÜÂâ Ä ÑÔÐÑÄÇ ÒÓÑËÊÄÑÆÐÑÅÑ 5,10-ÏÇÕËÎÇÐ-
5,6,7,8-ÕÇÕÓÂÅËÆÓÑÏÇÕÂÐÑÒÕÇÓËÐÂ 5, ÑÔÕÂÎÂÔß ÊÂ ÒÓÇÆÇÎÂÏË
ÄÐËÏÂÐËâ ØËÏËÍÑÄ-ÔËÐÕÇÕËÍÑÄ. ³ÄÇÆÇÐËâ Ñ ÔËÐÕÇÊÇ ÒÓÑ-
ËÊÄÑÆÐÞØ ËÏËÆÂÊÑ[1,5-f ]ÒÕÇÓËÆËÐÂ Ä ÎËÕÇÓÂÕÖÓÇ, ÒÑ-ÄËÆË-
ÏÑÏÖ, ÑÕÔÖÕÔÕÄÖáÕ.

6. ´ËÂÊÑÎÑ- Ë 1,3-ÆËÕËÑÎÑÒÕÇÓËÆËÐÞ

ªÊÄÇÔÕÐÞÇ ÔÑÇÆËÐÇÐËâ àÕÑÌ ÅÓÖÒÒÞ ÑÕÐÑÔâÕÔâ Í ÅÇÕÇÓÑÙËÍÎË-
ÚÇÔÍËÏ ÔËÔÕÇÏÂÏ XXIII ëXXV.

£ÊÂËÏÑÆÇÌÔÕÄËÇ 2-ÕËÑÎáÏÂÊËÐÑÄ 162 Ô 1,2-ÆËÃÓÑÏàÕÂ-
ÐÑÏ Ä ÑÔÐÑ'ÄÐÞØ ÔÓÇÆÂØ ÆÂÇÕ Ô ÖÏÇÓÇÐÐÞÏ ÄÞØÑÆÑÏ ÕËÂÊÑ-
ÎÑ[2,3-b]ÒÕÇÓËÆËÐÞ 163.69, 70

£ ÂÎßÕÇÓÐÂÕËÄÐÑÏ ÏÇÕÑÆÇ ËÔØÑÆâÕ ËÊ 6-ÂÏËÐÑ-2-ÕËÑÖÓÂ-
ÙËÎÂ, ÂÐÐÇÎËÓÖâ Ô ÐËÏ ÔÐÂÚÂÎÂ ÕËÂÊÑÎßÐÞÌ ÙËÍÎ, Â ÊÂÕÇÏ
ÒËÓÂÊËÐÑÄÞÌ.69 ³ÑÇÆËÐÇÐËÇ 164 ÏÑÉÇÕ ÃÞÕß ÒÑÎÖÚÇÐÑ Ô
ÐÇÔÍÑÎßÍÑ ÏÇÐßÛËÏ ÄÞØÑÆÑÏ ÍÑÐÆÇÐÔÂÙËÇÌ 2-ÂÏËÐÑ-2-ÕË-
ÂÊÑÎËÐÂ Ë àÕÑÍÔËÍÂÓÃÑÐËÎÂÙÇÕËÏËÆÂÕÂ.69

O2N

HN

R

OH

N

N

N

N

O

O

Me

R

OH

152 (69 ± 74%)

153 (82%)

N

N

O

N

N

O

R

Me

N

N

N

N

O

O

Me

R

Cl

+

Cl7

Zn

CF3CO2H,

Ac2O

151 (57 ± 62%)

N

N

O

N

N

O

R

Me

Ac

R=H, Me.

1) H2, Pd

2)

SOCl2

N

N

O

O

OO

Me

H

N

N

R

NH2

N(CH2CH2OH)2

154

R=H, Cl.

SOCl2

208C, 24 Ú
N

N

R

NH2

N(CH2CH2Cl)2

155

+ +

H

N

N

R

N

N
N

N

R

N

NH2

CH2CH2Cl

Cl7 Cl7

156

+

157

H2O ËÎË DMF, D

HN

NO O

X

Br

O

H

+

N

NHN

R

H

H
N

NN

R

HN

NO O

O
X

H 159

158

HN

N

N

N N

O

O

R

H

160 (63 ± 82%)

(X=H)

5%-ÐÞÌ
NaOH

(X=NO2)

X=H, NO2; R=H, Me, Et, Bun.

EtOH

208C
. 2HCl

HN

N

N

N N

O

O

R
X

161 (80 ± 92%)

N

N

N

NS

XXIII [2,3-b] XXIV [3,2-a]

N

N

N

NS

XXV [4,5-g]

N

N

N

N S

S

HN

N

N

N

O

S

R

R

162H

BrCH2CH2Br

a

N

N

N

N

O

R

RS

163 (44 ± 50%)

R=H, Me, Ph; aÐ 1) NaOH, NaHCO3, PriOH, H2O, D, 1 Ú;
2) 1M NaOH, 208C, 96 Ú; 3) K2CO3 , DMF, 858C, 6 Ú.
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¬ÑÃÓÂÊÑÄÂÐËá ÕËÂÊÑÎÑ[2,3-b]ÒÕÇÓËÆËÐÂ 163 (R=H) ÒÓË-
ÄÑÆËÕ ÕÂÍÉÇ ÍÑÐÆÇÐÔÂÙËâ ÏÇÕËÎÑÄÑÅÑ à×ËÓÂ 3-ÂÏËÐÑÒËÓ-
ÂÊËÐ-2-ÍÂÓÃÑÐÑÄÑÌ ÍËÔÎÑÕÞ (131) Ô 2-ÏÇÕËÎÕËÑÕËÂÊÑÎËÐÑÏ.60

´ËÂÊÑÎÑÒÕÇÓËÆËÐÞ ËÊÑÏÇÓÐÑÅÑ [2,3-a]-ÓâÆÂ ÔËÐÕÇÊËÓÖáÕ
Ä ÆÄÇ ÔÕÂÆËË ËÊ ØÎÑÓÂÐÅËÆÓËÆÂ 3-ØÎÑÓÒËÓÂÊËÐ-2-ÍÂÓÃÑÐÑÄÑÌ
ÍËÔÎÑÕÞ Ë 2-ÂÏËÐÑÕËÂÊÑÎËÐÂ.69 ¯ÂÅÓÇÄÂÐËÇ ÒÓÑÏÇÉÖÕÑÚÐÑÅÑ
ÒËÓÂÊËÐÍÂÓÃÑÍÔÂÏËÆÂ 165 Ä ¥®¶¡ ÄÇÆÇÕ Í ÊÂÏÞÍÂÐËá
ÒËÓËÏËÆËÐÑÄÑÅÑ ÙËÍÎÂ Ë ÑÃÓÂÊÑÄÂÐËá ÕËÂÊÑÎÑÒÕÇÓËÆËÐÂ
166.

£ÊÂËÏÑÆÇÌÔÕÄËÇÏ ÎáÏÂÊËÐ-6,7-ÆËÕËÑÐÂ 167 Ô ×ÑÔÅÇÐÑÏ,
ÕËÑ×ÑÔÅÇÐÑÏ ËÎË ÆËØÎÑÓÏÇÕÂÐÑÏ ÒÑÎÖÚÂáÕ 1,3-ÆËÕËÑÎÑ-
ÒÕÇÓËÆËÐÞ 168.38, 71

7. 1,2,4-´ÓËÂÊÑÎÑÒÕÇÓËÆËÐÞ

±ÕÇÓËÆËÐÞ, ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞÇ Ô [1,2,4]ÕÓËÂÊÑÎßÐÞÏÙËÍÎÑÏ,
ÒÓÇÆÔÕÂÄÎÇÐÞ Ä ÎËÕÇÓÂÕÖÓÇ ÒÓÑËÊÄÑÆÐÞÏË ÛÇÔÕË ËÊÑÏÇÓÐÞØ
ÅÇÕÇÓÑÔËÔÕÇÏ XXVI ëXXXI.

1,2,4-´ÓËÂÊÑÎÑ[3,4-b]ÒÕÇÓËÆËÐÞ 169 ÒÑÎÖÚÂáÕ ÙËÍÎÑÍÑÐ-
ÆÇÐÔÂÙËÇÌ ÎáÏÂÊËÐ-2-ÕËÑÐÑÄ 162 Ô ÅÂÎÑÅÇÐÊÂÏÇÜÇÐÐÞÏË
ÅËÆÓÂÊÑÐÂÏË 170 Ä ÒÓËÔÖÕÔÕÄËË ÕÓËàÕËÎÂÏËÐÂ.72, 73 ®ÇØÂ-
ÐËÊÏ ÓÇÂÍÙËË ÄÍÎáÚÂÇÕ ÐÖÍÎÇÑ×ËÎßÐÑÇ ÊÂÏÇÜÇÐËÇ ÂÕÑÏÂ
ÅÂÎÑÅÇÐÂ ÂÓËÎÕËÑÅÓÖÒÒÑÌ, ÔÒËÓÑÙËÍÎËÊÂÙËá ËÐÕÇÓÏÇÆËÂÕÂ
171 Ä ÔÒËÓÑÕËÂÆËÂÊÑÎËÐ 172 Ë ÓÇÙËÍÎËÊÂÙËá ÒÑÔÎÇÆÐÇÅÑ Ô
ÑÕÜÇÒÎÇÐËÇÏ ÏÑÎÇÍÖÎÞ H2S.

ªÔØÑÆÐÞÏË ÄÇÜÇÔÕÄÂÏË Ä ÔËÐÕÇÊÇ ÕÓËÂÊÑÎÑÒÕÇÓËÆËÐÑÄ
ÚÂÜÇ ÄÔÇÅÑ ÔÎÖÉÂÕ ÅËÆÓÂÊËÐÑÒÕÇÓËÆËÐÞ. ´ÂÍ, ÐÇÒÓÑÆÑÎÉË-
ÕÇÎßÐÑÇ ÐÂÅÓÇÄÂÐËÇ ÔÑÇÆËÐÇÐËâ 173 Ô ÑÆÐÑÖÅÎÇÓÑÆÐÞÏË
àÎÇÍÕÓÑ×ËÎßÐÞÏË ÂÅÇÐÕÂÏË (ÑÓÕÑà×ËÓÂÏË, ÔÇÓÑÖÅÎÇÓÑÆÑÏ)
Ä ÆËÑÍÔÂÐÇ ËÎË ÒËÓËÆËÐÇ ÒÓËÄÑÆËÕ Í 1,2,4-ÕÓËÂÊÑÎÑ[3,4-h]-
ÒÕÇÓËÆËÐÂÏ 174.74

HN

N

O

NH2S
H

N

S NH2

+

BrCH2CH2Br

NaHCO3, NaOH, PriOH, H2O (ÄÞØÑÆ 56%)

1) EtOH, 208C, 2 Ú
2) D, 3 Ú (ÄÞØÑÆ 40%)

EtO

EtO

O

NH

N

N

O

NH2
S

164

1) NaNO2, AcOH

2) Na2S2O4, H2O

N

N

O

NH2
S

NH2

(58%)

(CHO)2

3M HCl, H2O

N

N

O

NS

N

163 (82%) (R =H)

S

N

SMe +

N

N
MeO

H2N

O

131

N

N

O

NS

N

163 (R = H)

AcOH

1008C, 5 ± 10 Ú

N

N
Cl

Cl

O

N

S

NH2 +
CHCl3

10?208C

N

N
N

Cl

OS

N

H

165 (62%)

DMF

D, 4 Ú

N

N

N

NS

O

166 (86%)

N

N

N

N

O

O

Me

Me

S

X

S

168

Cl
X

ClN

N

N

N

O

O

Me

Me S

S

167

H

H

X=C=O, C=S, CH2 .

N

N

N

N

N

N

XXVI [4,3-a] XXVII [3,4-b]

N

N

N

NN

N

XXVIII [1,5-c]

N

N

N

N

N

N

XXIX [4,3-c]

N

N

N

N

N N
N

N

N

N

N

N

XXX [3,4-h]

N

N

N

N

N

N

XXXI [3,2-h]

HN

N

N

N

O

S

R1

R1

162H

H

H

+
N

R2 Hal

NHPh

170

Et3N, THF

D, 10 Ú

N

N

O

N

Ph

NS

R2 H

N

N

O

N

HN

Ph

R2 SH

7H2S

171

HN

N

O

S

R2 N NHPh

172

HN

N

O

N

S

N
Ph

R2

N

N

O

NN

N

N

Ph

R2

R1

R1

169 (75 ± 84%)

..

. .

R1=H, Me, Ph; R2=Ac, Bz, CO2Et, Ph, CH=CHPh.

538 ¡.£.¤ÖÎÇÄÔÍÂâ, ¡.¶.±ÑÉÂÓÔÍËÌ



¡ÐÂÎÑÅËÚÐÑ ËÊ 2-ÅËÆÓÂÊËÐÑÒÕÇÓËÆËÐÂ 175 ÒÑÎÖÚÂáÕ
ÕÓËÂÊÑÎÑ[4,3-a]ÒÕÇÓËÆËÐÞ 176.74

¯ÂÅÓÇÄÂÐËÇ 7-ØÎÑÓÒÕÇÓËÆËÐÂ 177 Ô ÅËÆÓÂÊËÐÑÏ Ä ÆË-
ÏÇÕËÎ×ÑÓÏÂÏËÆÇ ÄÇÆÇÕ Í ÑÃÓÂÊÑÄÂÐËá 1,2,4-ÕÓËÂÊÑÎÑ[3,4-h]-
ÒÕÇÓËÆËÐÂ 178, ÒÑ-ÄËÆËÏÑÏÖ, ÚÇÓÇÊ ÒÓÑÏÇÉÖÕÑÚÐÑÇ ×ÑÓÏËÎ-
ÅËÆÓÂÊËÐÑÒÓÑËÊÄÑÆÐÑÇ 179.75

1,2,4-´ÓËÂÊÑÎÑ[4,3-c]ÒÕÇÓËÆËÐÞ 180 ÒÑÎÖÚÂáÕ Ä ÐÇ-
ÔÍÑÎßÍÑ ÔÕÂÆËÌ ËÊ 3-ÂÏËÐÑ-6-×ÇÐËÎÒËÓÂÊËÐ-2-ÍÂÓÃÑÐËÕÓËÎÂ.
£ ØÑÆÇ ÔËÐÕÇÊÂ Í ÒËÓÂÊËÐÑÄÑÏÖ ÙËÍÎÖ ÔÐÂÚÂÎÂ ÆÑÔÕÓÂËÄÂáÕ
ÒËÓËÏËÆËÐÑÄÞÌ ÙËÍÎ. ´ÓËÂÊËÐÑÄÑÇ ÍÑÎßÙÑ ÊÂÏÞÍÂÇÕÔâ Ä
ÓÇÊÖÎßÕÂÕÇ ÄÊÂËÏÑÆÇÌÔÕÄËâ ÒÓÑÏÇÉÖÕÑÚÐÑÅÑ 4-ÅËÆÓÂÊËÐÑ-
ÒÕÇÓËÆËÐÂ 181 Ô ÑÓÕÑà×ËÓÂÏË (ÔØÇÏÂ 5).76

¯ÇÔÏÑÕÓâ ÐÂ ÄÞÔÑÍËÇ ÄÞØÑÆÞ ÐÂ ÄÔÇØ ÔÕÂÆËâØ àÕÑÅÑ
ÏÇÕÑÆÂ ÔËÐÕÇÊÂ, ÃÑÎÇÇ à××ÇÍÕËÄÐÞÏ ÒÓÇÆÔÕÂÄÎâÇÕÔâ ÒÖÕß, Ä

ÍÑÕÑÓÑÏ N(4)-ÑÍÔËÆ 3-ÂÏËÐÑÒËÓÂÊËÐ-2-ÍÂÓÃÑÐËÕÓËÎÂ ÆÇÌÔÕ-
ÄËÇÏ ÂÙËÎÅËÆÓÂÊËÐÂ ÒÓÇÄÓÂÜÂáÕ Ä ÕÓËÂÊÑÎËÎßÐÑÇ ÒÓÑËÊÄÑÆ-
ÐÑÇ 182. ¦ÅÑ ÄÊÂËÏÑÆÇÌÔÕÄËÇ Ô àÕËÎÍÂÓÃÂÏÂÕÑÏ ËÎË ÑÓÕÑ-
ÏÖÓÂÄßËÐÞÏ à×ËÓÑÏ ÒÓËÄÑÆËÕ Í ÊÂÏÞÍÂÐËá ÒËÓËÏËÆËÐÑ-
ÄÑÅÑ ÙËÍÎÂ Ë ÑÃÓÂÊÑÄÂÐËá ÕÓËÂÊÑÎÑÒÕÇÓËÆËÐÑÄ 183, 184.77

N-¤ËÆÓÑÍÔË×ÑÓÏÂÏËÆËÐ 185 ÙËÍÎËÊÖÇÕÔâ Ä 1,2,4-ÕÓË-
ÂÊÑÎÑ[3,2-h]ÒÕÇÓËÆËÐ 186 ÒÓË ÐÂÅÓÇÄÂÐËË Ä ÒÑÎË×ÑÔ×ÑÓÐÑÌ
ÍËÔÎÑÕÇ.74

IV. ±ÕÇÓËÆËÐÞ, ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞÇ
Ô ÛÇÔÕËÚÎÇÐÐÞÏ ÅÇÕÇÓÑÙËÍÎÑÏ

1. ±ËÓËÆÑÒÕÇÓËÆËÐÞ

³ÄÇÆÇÐËâ Ñ ÔËÐÕÇÊÇ ÒËÓËÆÑÒÕÇÓËÆËÐÑÄ ÐÇÏÐÑÅÑÚËÔÎÇÐÐÞ Ë
ÑÕÐÑÔâÕÔâ Í ÒÓÑËÊÄÑÆÐÞÏ ÅÇÕÇÓÑÔËÔÕÇÏ XXXII ëXXXVI.

N

N

N

N NHNH2

173

RC(OEt)3 ËÎË CS2

N

N

N

N

N

N

R0

174 (59 ± 85%)
R=H, Me; R0=H, Me, SH.

176 (31 ± 68%)

N

N

N

N

N

N

R

RC(OEt)3N

N

N

NH2NHN

175

R=H, Me.

N

N

N

NH2N

Ph

O

NH2

H

PCl5

POCl3,

D, 3 Ú

NH2NH2

DMF, 1008C,
1 Ú

N

N

N

NH2N

Ph

Cl

NH2

N

N

N

NH2N

Ph

NH

NH2

NHH

O
179

7H2O
N

N

N

NH2N

Ph

NH2

N

N

178 (44%)

177 (37%)

N

NNC

H2N

O

RC(O)NHNH2

Ph2O, D, 3 ± 6 Ú

N

N

H2N

N
N

N

R

H

182

N

N

N

N
N

N

R

O

183 (50 ± 55%)

H

N

N

N

N
N

N

R

184 (65 ± 72%)

NH2CO2Et

D, 24 Ú

CH(OEt)3

D, 24 Ú

R=Ph, 2-FC6H4 .

N

N

N

N N

185

PPA

75 ± 808C, 2 Ú

N

N

N

N

N

N

186 (45%)HOHN

N

N PhNC

H2N N

N Ph

HN

OH

H2N

S

(97%)

1) 2%-ÐÞÌ NaOH
2) HCl

N

N Ph

N

HN

S

(71%)

MeI

0.5 M NaOH
N

N Ph

N

N

SMe

(89%)

NH2NH2

EtOH

R=H, Me.

H2S

Py, 208C, 2 Ú

HC(OEt)3

Ac2O, 1008C, 1 Ú
N

N PhNC

N

OEt (86%)

N

N Ph

N

N

NHNH2

181 (72%)

N

N Ph

N

N

N N

R

180 (55 ± 75%)

RC(OEt)2

1408C, 3 Ú
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[g]-¬ÑÐÆÇÐÔËÓÑÄÂÐÐÞÇ ÒËÓËÆÑÒÕÇÓËÆËÐÞ âÄÎâáÕÔâ ÂÊÂ-
ÂÐÂÎÑÅÂÏË ÂÎÎÑÍÔÂÊËÐÂ Ë ËÊÑÂÎÎÑÍÔÂÊËÐÂ ì ÔÕÓÖÍÕÖÓÐÑÌ
ÑÔÐÑÄÞ ×ÎÂÄËÐÑÄÞØ ÍÑ×ÇÓÏÇÐÕÑÄ. ªÏÇÐÐÑ àÕÑ ÑÃÔÕÑâÕÇÎß-
ÔÕÄÑ ÑÃÖÔÎÑÄËÎÑ ÒÑÄÞÛÇÐÐÞÌ ËÐÕÇÓÇÔ Í ËØ ÔËÐÕÇÊÖ Ë ÃËÑÎÑ-
ÅËÚÇÔÍÑÌ ÂÍÕËÄÐÑÔÕË.78 ë 83 °ÃÜËÏ ÏÇÕÑÆÑÏ ÒÑÎÖÚÇÐËâ
[g]-ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞØ ÒËÓËÆÑÒÕÇÓËÆËÐÑÄ âÄÎâÇÕÔâ ÍÑÐÆÇÐÔÂ-
ÙËâ ÒÓÑËÊÄÑÆÐÞØ ÂÎÎÑÍÔÂÐÂ Ô Ñ-ÆËÂÏËÐÑÒËÓËÆËÐÂÏË. ´ÂÍ,
ÄÊÂËÏÑÆÇÌÔÕÄËÇ ÂÎÎÑÍÔÂÐÂ (187) Ô 2,3-ÆËÂÏËÐÑÒËÓËÆËÐÂÏË Ä
ÔËÔÕÇÏÇ H3BO37AcOH ËÎË BF3

.Et2O7AcOH ÒÓËÄÑÆËÕ Í
ÒËÓËÆÑ[3,2-g]ÒÕÇÓËÆËÐÂÏ 188.78, 79 °ÃÓÂÜÂÇÕ ÐÂ ÔÇÃâ ÄÐËÏÂ-
ÐËÇ ÓÇÅËÑÔÇÎÇÍÕËÄÐÑÔÕß ÓÇÂÍÙËË: ËÊÑÏÇÓÐÞÇ ÔÑÇÆËÐÇÐËâÏ
188 ÒËÓËÆÑ[2,3-g]ÒÕÇÓËÆËÐÞ ÐÇ ÑÃÓÂÊÖáÕÔâ.

¡ÐÂÎÑÅËÚÐÂâ ÍÑÐÆÇÐÔÂÙËâ ÊÂÏÇÜÇÐÐÞØ ÂÎÎÑÍÔÂÐÑÄ Ô
Ñ-ÂÏËÐÑ(ÂÎÍËÎ(ÂÓËÎ)ÂÏËÐÑ)ÒËÓËÆËÐÂÏË ÆÂÇÕ ÒËÓËÆÑÒÕÇÓË-
ÆËÐÞ 189 Ë 190.80 ë 83

°ÒËÔÂÐ ÆÄÖÔÕÂÆËÌÐÞÌ ÔËÐÕÇÊ ÒËÓËÆÑ[3,4-g]ÒÕÇÓËÆËÐÑÄ
191 ËÊ 6,7-ÆËÂÎÍËÐËÎÎáÏÂÊËÐÂ 192a.18, 19 ³ÐÂÚÂÎÂ ÔÑÇÆËÐÇÐËÇ

192a ÑÃÓÂÃÂÕÞÄÂáÕ ËÊÃÞÕÍÑÏ ÂÎÍËÎÂÏËÐÂ, ÚÕÑ ÆÂÇÕ ÔÕÂÃË-
ÎËÊËÓÑÄÂÐÐÞÌ ÄÐÖÕÓËÏÑÎÇÍÖÎâÓÐÑÌ ÄÑÆÑÓÑÆÐÑÌ ÔÄâÊßá
ÇÐÂÏËÐ 193. ¯ÂÅÓÇÄÂÐËÇ ÒÑÔÎÇÆÐÇÅÑ Ô K2CO3 Ä ÆËÏÇÕËÎ-
×ÑÓÏÂÏËÆÇ ÒÓËÄÑÆËÕ Í ÊÂÏÞÍÂÐËá ÒËÓËÆËÐÑÄÑÅÑ ÙËÍÎÂ.

ªÔØÑÆÐÞÏË ÄÇÜÇÔÕÄÂÏË Ä ÔËÐÕÇÊÇ ÒËÓËÆÑ[1,2-f ]ÒÕÇÓËÆË-
ÐÑÄ 194 ÔÎÖÉÂÕ 4-ÂÏËÐÑ-5-ÐËÕÓÑÊÑÒËÓËÏËÆËÐÞ. ¯ÂÒÓËÏÇÓ,
ÐÂÅÓÇÄÂÐËÇ ÔÑÇÆËÐÇÐËâ 195 Ä ÂÙÇÕÑÐËÕÓËÎÇ ÄÇÆÇÕ Í 6-ÄËÐËÎ-
ÒÕÇÓËÆËÐÖ 196.28 ±ÓË ÍËÒâÚÇÐËË ÒÑÔÎÇÆÐÇÅÑ Ä ÕÑÎÖÑÎÇ ÒÓÑ-
ÕÇÍÂÇÕ ÓÇÂÍÙËâ ¥ËÎßÔÂ ë¡ÎßÆÇÓÂ Ô ÖÚÂÔÕËÇÏ ÙËÔ-ÆËÇÐÑÄÑÅÑ
×ÓÂÅÏÇÐÕÂ N(5)=C(6)7CH=CH2 ÑÆÐÑÌ ËÔØÑÆÐÑÌ ÏÑÎÇ-
ÍÖÎÞ Ë ÄËÐËÎßÐÑÌ ÅÓÖÒÒÞ ÆÓÖÅÑÌ, Ä ÓÇÊÖÎßÕÂÕÇ ÑÃÓÂÊÖÇÕÔâ
ÒËÓËÆÑ[1,2-f ]ÒÕÇÓËÆËÐ 194, ÍÑÕÑÓÞÌ ÏÑÉÇÕ ÃÞÕß ÕÂÍÉÇ ÒÑÎÖ-
ÚÇÐ ÐÂÅÓÇÄÂÐËÇÏ ÔÑÇÆËÐÇÐËâ 195 Ä ÕÑÎÖÑÎÇ.

¬ÂÍ ÃÞÎÑ ÔÍÂÊÂÐÑ ÄÞÛÇ, ÑÆÐÑ ËÊ ÒÓÑËÊÄÑÆÐÞØ
ÒËÓËÆÑ[1,2-f ]ÒÕÇÓËÆËÐÂ ì ÔÖÓÖÅÂÕÑÍÔËÐ (9) ì ÄÔÕÓÇÚÂÇÕÔâ Ä
ÒÓËÓÑÆÇ. ±ÑÎÐÞÌ ÔËÐÕÇÊ ÔÖÓÖÅÂÕÑÍÔËÐÂ ÑÔÖÜÇÔÕÄÎÇÐ ËÊ
6-ÃÓÑÏËÊÂÕËÐÂ 197 Ë ÐËÕÓÑÒËÓËÏËÆËÐÂ 198.84 ¬ÎáÚÇÄÞÇ

N

N

N

N N

XXXII [3,2-g]

N

N

N

N
N

XXXIII [4,3-g]

N

N

N

N

N

XXXIV [3,4-g]

XXXV [1,2-f ]

N

N

N

N

XXXVI [2,1-h]

N

N

N

N

HN

N

O

O

OO
H

187

+

N

R1

R2

R3H2N

H2N
H3BO37AcOH

ËÎË BF3
.Et2O7AcOH

HN

N

O

O

N

N N

R2

R1

R3

H
188 (50 ± 94%)

R1, R3=H, Me; R2=H, Cl, Br.

R1=H, Me; R2=Me, Prn, cyclo-C6H11, Ph, (CH2)nOH (n=2, 3, 5, 6),

CH2CH(OH)Me, CH2CH(OH)CH2OH, (CH2)3N(CH2CH2OH)2 Ë ÆÓ.

AcOH

H3BO3

(R1=H)

189 (27 ± 95%)

HN

N

O

O

N

N N

R2

N NHR2

NH2

190 (29%)

N

N

O

O

N

N
N

R2

Me

(R1=Me)

N

NHR2

NH2

H

N

N

O

O

OO

R1

192a

N

N

O

O

N

N

Me

Me

Ph

Ph

RNH2

193 (84 ± 93%)

N

N

O

O

N

N

Me

Me

Ph

H
N Ph

R

K2CO3

DMF, D

191 (85 ± 88%)

N

N

O

O

N

N

Me

Me

N

Ph

Ph

R

R=Prn, Bun.

N

NH2N NH2

N

BnO O Me

Cl

O

THF

N

NH2N N

N

BnO O

O

Me

H

195 (85%)

PhMe

D, 10 ÏËÐ D, 6 Ú

N

N N

N

H2N

OBn

O

N

NH2N N

N

BnO

O

H

H

194 (96% ËÊ ÔÑÇÆËÐÇÐËâ 195,
98% ËÊ ÔÑÇÆËÐÇÐËâ 196)

CH2

N

NH2N N

N

BnO

O
H

196 (91%)

MeCN,

D, 1.5 Ú
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ÔÕÂÆËË àÕÑÅÑ ÔËÐÕÇÊÂ ËÎÎáÔÕÓËÓÖáÕ ÇÜÇ ÑÆËÐ ÔÒÑÔÑÃ
ÒÑÔÕÓÑÇÐËâ ÅÇÕÇÓÑÔËÔÕÇÏÞ ÒËÓËÆÑ[1,2-f ]ÒÕÇÓËÆËÐÂ (ÔØÇÏÂ 6).

±ÓÑÔÖÓÖÅÂÕÑÍÔËÐ 199, ÄÞÆÇÎÇÐÐÞÌ ËÊ ÏÑÎÎáÔÍÑÄ Babylo-
nia japonica, ÒÓÇÄÓÂÜÂÇÕÔâ Ä ÔÖÓÖÅÂÕÑÍÔËÐ (9) ÒÓË ÄÞÆÇÓÉËÄÂ-
ÐËË ÇÅÑ ÓÂÔÕÄÑÓÂ Ä 1%-ÐÑÌ ÖÍÔÖÔÐÑÌ ÍËÔÎÑÕÇ Ä ÕÇÚÇÐËÇ

ÐÇÔÍÑÎßÍËØ ÔÖÕÑÍ.85 £ ÒÓÑÙÇÔÔÇ ÖÚÂÔÕÄÖÇÕ ÍËÔÎÑÓÑÆ ÄÑÊÆÖØÂ,
ÑÃÓÂÊÖâ ÒÓÑÏÇÉÖÕÑÚÐÞÌ ÆËÑÍÔÇÕÂÐ 200, ÍÑÕÑÓÞÌ ÊÂÕÇÏ ËÊÑ-
ÏÇÓËÊÖÇÕÔâ Ä 10-ÚÎÇÐÐÞÌ ÎÂÍÕÂÏ 201, âÄÎâáÜËÌÔâ ÒÓÇÆÛÇ-
ÔÕÄÇÐÐËÍÑÏ ÔÑÇÆËÐÇÐËâ 9.

197

N

O

O

O

RO2C

(CH2)5NH, AcOH, PhHN

O

Br

O

H

1) Na2S2O4, EtOH

2) NH2NH2
.H2O

3) 10%-ÐÂâ HCl

N

O

Br

RO2C

O O

O

N

H

N

NBnO

OBn

NO2

SO2Et

(198)

NaHCO3, DMF

H
N

O

Br

RO2C

O

NH2
.HCl

H
NH

Br

CO2R

O

N

NO2

OBn

BnO N

N

O

Zn, AcOH

THF

Ac2O

Py, 708C

NaBH3CN

2MHCl, EtOAc

ClC(O)C(O)Me

PhH

N

O

CO2R
N

N

OBn

BnO N

N

Ac

Ac Br

N

O

CO2R
N

N

OBn

BnO N

N

Ac

Ac

Br

H

N

H

H

HN

O

CO2R
N

N

OBn

BnO N

Br

...

H

OH

OH

OH

HO

HO

O
O

OH

Br

OMe
HO N

O

HN

N
H H

O

N

N

O

N

N

BnO

BnO N

N

Ac

O

CO2R

Br

Ac

NHO
Me

N

O

CO2R
N

N

BnO

BnO N

N

Ac

Ac Br

O

Me
O

Py

9
R=CH2CH2SMe.

O

³ØÇÏÂ 6

N

N

N

N

N

X

+
Cl7

202a ± c

hn (l>300 ÐÏ)

H2O, pH* 6

+
Cl7

204a ± c

N

N

N

N

NH

O

H

X

H

Et3N, MeOH

208C, 72 Ú

HCl, ÆËÑÍÔÂÐ,
PriOH

708C, 6 ÔÖÕ

+

203a ± c

N

N

N

N

NH

X

O7+

205a ± c

N

N

N

N

NH

O

H

X

7

H2O,
pH* 7.5

NaHCO3

203d (ÎáÏËÐÂÓÑÊËÐ)

O
OH

OHHO

N

N

N

N

NH

O7+

203e (ÎáÏËÐÂÓËÐ)

N

N

N

N

NH2

O7+

O
OAc

OAcR

X= (R=OAc (a), H (b), OMe (c)).
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±ÓË ÑÃÎÖÚÇÐËË ÄËÆËÏÞÏ ÔÄÇÕÑÏ ÄÑÆÐÞØ ÓÂÔÕÄÑÓÑÄ ÒËÓË-
ÆËÐËÇÄÞØ ÔÑÎÇÌ 202a ë c ÒÑÔÎÇÆÐËÇ ÒÓÇÄÓÂÜÂáÕÔâ Ä ÒËÓË-
ÆÑ[2,1-h]ÒÕÇÓËÆËÐÞ 203a ë c (ÔØÇÏÂ 7).86, 87 £ ØÑÆÇ ÓÇÂÍÙËË
ËÏËÆÂÊÑÎßÐÞÌ ×ÓÂÅÏÇÐÕ ËÔØÑÆÐÑÌ ÏÑÎÇÍÖÎÞ ÒÑÆÄÇÓÅÂÇÕÔâ
ÅËÆÓÑÎËÕËÚÇÔÍÑÏÖ ÓÂÔÜÇÒÎÇÐËá (202? 204? 205) Ë ÒÑÔÎÇ-
ÆÖáÜÇÌ ÙËÍÎËÊÂÙËË Ä ÃÇÕÂËÐ 203. ¯ÖÍÎÇÑÊËÆÞ 203, Ä ÚÂÔÕ-
ÐÑÔÕË 2,3,5-ÕÓË-°-ÂÙÇÕËÎÎáÏËÐÂÓÑÊËÐ, ÑÃÎÂÆÂáÕ âÓÍÑ
ÄÞÓÂÉÇÐÐÞÏË ×ÎÖÑÓÇÔÙÇÐÕÐÞÏË ÔÄÑÌÔÕÄÂÏË Ë ÒÓËÐÂÆÎÇÉÂÕ
Í ÚËÔÎÖ ÐÇÏÐÑÅÑÚËÔÎÇÐÐÞØ ÐÖÍÎÇÑÊËÆÑÄ, ÒÑÅÎÑÜÂáÜËØ Ë
ËÔÒÖÔÍÂáÜËØ ÔÄÇÕ Ä ÄËÆËÏÑÌ ÑÃÎÂÔÕË. ¿ÕÂ ÑÔÑÃÇÐÐÑÔÕß,
ÐÂÓâÆÖ Ô ØËÏËÚÇÔÍÑÌ ÔÕÂÃËÎßÐÑÔÕßá, ÆÇÎÂÇÕ ÔÑÇÆËÐÇÐËâ
203a ë c ÄÇÔßÏÂ ÒÇÓÔÒÇÍÕËÄÐÞÏË ×ÎÖÑÓÇÔÙÇÐÕÐÞÏË ÊÑÐÆÂÏË

ÐÖÍÎÇËÐÑÄÞØ ÍËÔÎÑÕ Ë ÆÓÖÅËØ ÃËÑÏÑÎÇÍÖÎ.88 ë 90 ¤ËÆÓÑÎËÊ
ÐÖÍÎÇÑÊËÆÑÄ 203a ë c Ä ÊÂÄËÔËÏÑÔÕË ÑÕ ÖÔÎÑÄËÌ ÒÓËÄÑÆËÕ Í
ÆÇÊÂÙÇÕËÎÒÓÑËÊÄÑÆÐÑÏÖ 203d (ÎáÏËÐÂÓÑÊËÐÖ) ËÎË ÇÅÑ ÂÅÎË-
ÍÑÐÖ 203e (ÎáÏËÐÂÓËÐÖ).

2. ±ËÓÂÐÑÒÕÇÓËÆËÐÞ

³ËÐÕÇÊËÓÑÄÂÐÞ ÒÓÑËÊÄÑÆÐÞÇ ÒËÓÂÐÑÒÕÇÓËÆËÐÑÄ, ÑÕÐÑÔâ-
ÜËÇÔâ Í ÔËÔÕÇÏÂÏ XXXVII ëXL.

¬ÂÍ ÃÞÎÑ ÔÍÂÊÂÐÑ ÄÞÛÇ, ÅÇÕÇÓÑÙËÍÎËÚÇÔÍÂâ ÔËÔÕÇÏÂ
ÒËÓÂÐÑ[3,2-g]ÒÕÇÓËÆËÐÂ XXXVII ÎÇÉËÕ Ä ÑÔÐÑÄÇ ÏÑÎËÃÆÑ-
ÒÕÇÓËÐÂ (2) Ë ÍÑ×ÂÍÕÑÓÂ ®ÑÔÑ (1). ¢ËÑÔËÐÕÇÊ 1, 3, 91, 92 ®ÑÔÑ
ÐÂÚËÐÂÇÕÔâ Ô ÅÖÂÐÑÊËÐÕÓË×ÑÔ×ÂÕÂ (ÔØÇÏÂ 8). ¥ÄÇ ×ÇÓÏÇÐÕÂ-
ÕËÄÐÞÇ ÓÇÂÍÙËË ÒÓÇÄÓÂÜÂáÕ àÕÑÕ ÕÓË×ÑÔ×ÂÕ Ä ÙËÍÎËÚÇÔÍËÌ
×ÑÔ×ÂÕ ÒËÓÂÐÑÒÕÇÓËÐÂ (ÕÂÍ ÐÂÊÞÄÂÇÏÞÌ ÒÓÇÆÛÇÔÕÄÇÐÐËÍ Z).
£ ØÑÆÇ ÕÓÇØ ÒÑÔÎÇÆÖáÜËØ ×ÇÓÏÇÐÕÂÕËÄÐÞØ ÓÇÂÍÙËÌ ×ÑÓÏË-
ÓÖÇÕÔâ ÇÐÆËÕËÑÎÂÕÐÞÌ ×ÓÂÅÏÇÐÕ Ë ÑÃÓÂÊÖÇÕÔâ ÏÑÎËÃÆÑÒÕÇ-
ÓËÐ (2). ©ÂÕÇÏ ÏÑÐÑ×ÑÔ×ÂÕÐÞÌ ÑÔÕÂÕÑÍ ÏÑÎËÃÆÑÒÕÇÓËÐÂ
ÂÆÇÐËÎËÓÖÇÕÔâ, ÚÕÑ ÂÍÕËÄËÓÖÇÕ ÇÅÑ Í ÔÄâÊÞÄÂÐËá ÏÑÎËÃÆÇÐÂ
(Ä ÄËÆÇ ÏÑÎËÃÆÂÕ-ÂÐËÑÐÂ) Ë ÑÃÓÂÊÑÄÂÐËá®ÑÔÑ.
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MoaA, MoaC, MoaD, MoaE, MoeA, MoeB, MogAÐ ×ÇÓÏÇÐÕÞ E. coli; ATP Ð ÂÆÇÐÑÊËÐÕÓË×ÑÔ×ÂÕ; PPP ì ÕÓË×ÑÔ×ÂÕ.

³ØÇÏÂ 8

542 ¡.£.¤ÖÎÇÄÔÍÂâ, ¡.¶.±ÑÉÂÓÔÍËÌ



±ÑÎÐÞÌ ÔËÐÕÇÊ ÔÑÇÆËÐÇÐËÌ 1 Ë 2 ÒÑÍÂ ÐÇ ÑÔÖÜÇÔÕÄÎÇÐ.
°ÆÐÂÍÑ ÔËÐÕÇÊËÓÑÄÂÐÞ ÒÑÕÇÐÙËÂÎßÐÞÇ ÒÓÇÆÛÇÔÕÄÇÐÐËÍË
ÏÑÎËÃÆÑÒÕÇÓËÐÂ. ´ÂÍ, ÍÑÐÆÇÐÔÂÙËâ ÆËÅËÆÓÑØÎÑÓËÆÂ ÕÓË-
ÂÏËÐÑÒËÓËÏËÆËÐÑÐÂ 82 Ô ×ÇÐËÎÅËÆÓÂÊÑÐÑÏ L-ÂÓÂÃËÐÑÊÞ
ÒÓËÄÑÆËÕ Í ÕÓËÑÎÖ 206, ÍÑÕÑÓÞÌ ÊÂÕÇÏ ÙËÍÎËÊÖÇÕÔâ Ä ÅÇÍÔÂ-
ÅËÆÓÑÒËÓÂÐÑ[3,2-g]ÒÕÇÓËÆËÐ 207 (ÑÔÐÑÄÐÑÌ ÒÓÑÆÖÍÕ) Ë
ÅÇÍÔÂÅËÆÓÑ×ÖÓÑ[3,2-g]ÒÕÇÓËÆËÐ 208.93

£ ÂÐÂÎÑÅËÚÐÖá ÙËÍÎËÊÂÙËá ÄÔÕÖÒÂáÕ Ë ÆÓÖÅËÇ 5,6-ÆË-
ÂÏËÐÑÒËÓËÏËÆËÐÞ, Â ÕÂÍÉÇ ×ÇÐËÎÅËÆÓÂÊÑÐÞ L- Ë D-ÒÇÐÕÑÊ.

±ËÓÂÐÑ[3,2-g]ÒÕÇÓËÆËÐÞ 209 ÒÑÎÖÚÂáÕ Ä ÄËÆÇ ÔÏÇÔË ÆËÂÔÕÇ-
ÓÇÑÏÇÓÑÄ.94 ë 97

¡ÐÂÎÑÅMPT (2) Ô ÊÂÜËÜÇÐÐÞÏË ×ÖÐÍÙËÑÐÂÎßÐÞÏË ÅÓÖÒ-
ÒÂÏË (210) ÔËÐÕÇÊËÓÑÄÂÐ ËÊ 6-ØÎÑÓÒÕÇÓËÐÂ 211 ÏÐÑÅÑÔÕÂÆËÌ-
ÐÞÏ ÒÖÕÇÏ, ÄÍÎáÚÂáÜËÏ ÔÕÂÆËË ÄÄÇÆÇÐËâ ÊÂÜËÕÐÞØ ÅÓÖÒÒ,
ÓÇÂÍÙËË ÍÓÑÔÔ-ÔÑÚÇÕÂÐËâ Ë ÑÍËÔÎËÕÇÎßÐÑ-ÄÑÔÔÕÂÐÑÄËÕÇÎßÐÞÇ
ÓÇÂÍÙËË (ÔØÇÏÂ 9).98 ë 100

±ËÓÂÐÑ[3,2-g]ÒÕÇÓËÆËÐ 212 ÒÑÎÖÚÇÐ Ä ÆÄÇ ÔÕÂÆËË ËÊ
ÒÓÑËÊÄÑÆÐÑÅÑ 6-ÂÏËÐÑ-5-ÐËÕÓÑÊÑÒËÓËÏËÆËÐÂ 213.101, 102

£ÐÖÕÓËÏÑÎÇÍÖÎâÓÐÂâ ÓÇÂÍÙËâ ¥ËÎßÔÂ ë¡ÎßÆÇÓÂ Ô ÖÚÂÔÕËÇÏ
ÐËÕÓÑÊÑÅÓÖÒÒÞ Ë ÙËÔ-ÆËÇÐÑÄÑÅÑ ×ÓÂÅÏÇÐÕÂ ÔÑÇÆËÐÇÐËâ 213
ÆÂáÕ (Z )-6-ÅËÆÓÑÍÔËÒÓÑÒÇÐËÎÒÕÇÓËÆËÐ-7(8H)-ÑÐ 214. °ÃÓÂ-
ÃÑÕÍÂ ÒÑÔÎÇÆÐÇÅÑ ÕÑÊËÎØÎÑÓËÆÑÏ Ä ÔËÔÕÇÏÇ Et3N7DMAP
ÒÓËÄÑÆËÕ Í ÊÂÏÞÍÂÐËá ÒËÓÂÐÑÄÑÅÑ ÙËÍÎÂ Ë ÑÃÓÂÊÑÄÂÐËá
ÒËÓÂÐÑÒÕÇÓËÆËÐÂ 212.
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H
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H
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H
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N
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O
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1) ButO(Me2N)2CH,

DMF, 208C (ÄÞØÑÆ 93%)

2) ClCH2OC(O)But, K2CO3, NaI,

DMF, 758C (ÄÞØÑÆ 28%)
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±ÓËÏÇÓÞ ÔËÐÕÇÊÂ ËÊÑÏÇÓÐÞØ ÒËÓÂÐÑ[3,2-g]ÒÕÇÓËÆËÐÖ
ÅÇÕÇÓÑÔËÔÕÇÏ ÍÓÂÌÐÇ ÏÂÎÑÚËÔÎÇÐÐÞ. ´ÂÍ, ÒËÓÂÐÑ[4,3-g]ÒÕÇÓË-
ÆËÐ 215a Ë ÇÅÑ [3,2-g]-ËÊÑÏÇÓ 215b ÑÃÓÂÊÖáÕÔâ Ô ÑÚÇÐß ÐËÊÍËÏ
ÄÞØÑÆÑÏ Ä ÓÇÂÍÙËË [4+2]-ÙËÍÎÑÒÓËÔÑÇÆËÐÇÐËâ Ô ÖÚÂÔÕËÇÏ
ÒËÓËÏËÆÑ-1,2,5-ÑÍÔÂÆËÂÊËÐÑÐÂ 216 Ë ÔÏÇÔË ÆËÅËÆÓÑÒËÓÂÐËÎ-
ÏÑÓ×ÑÎËÐÑÄ.102

£ÊÂËÏÑÆÇÌÔÕÄËÇ 7-[(1-ÅËÆÓÑÍÔËÙËÍÎÑÅÇÍÔËÎ)àÕËÐËÎ]-
6-ØÎÑÓÎáÏÂÊËÐÂ Ô ÏÑÓ×ÑÎËÐÑÏ ÒÓËÄÑÆËÕ Ô ÍÑÎËÚÇÔÕÄÇÐÐÞÏ
ÄÞØÑÆÑÏ Í ÇÐÂÏËÐÖ 217, ÍÑÕÑÓÞÌ ÒÓË ÐÂÅÓÇÄÂÐËË Ô K2CO3 Ä
ÆËÏÇÕËÎ×ÑÓÏÂÏËÆÇ ÙËÍÎËÊÖÇÕÔâ Ä ÔÒËÓÑ(ÙËÍÎÑÅÇÍÔÂÐ-1,70-
ÒËÓÂÐÑ[2,3-g]ÒÕÇÓËÆËÐ) 218.18, 19

¬ËÔÎÑÕÐÞÌ ÅËÆÓÑÎËÊ ÇÐÂÏËÐÂ 193 (R=Prn) Ë ÒÑÔÎÇÆÖá-
ÜÇÇ ÍÂÕÂÎËÊËÓÖÇÏÑÇ ÑÔÐÑÄÂÐËÇÏ ÄÐÖÕÓËÏÑÎÇÍÖÎâÓÐÑÇ
ÐÖÍÎÇÑ×ËÎßÐÑÇ ÒÓËÔÑÇÆËÐÇÐËÇ ÅËÆÓÑÍÔËÎßÐÑÌ ÅÓÖÒÒÞ ÇÐÑÎß-
ÐÑÌ ×ÑÓÏÞ ÔÑÇÆËÐÇÐËâ 219 Í ÔÄâÊË C:C Ä ÑÓÕÑ-ÒÑÎÑÉÇÐËË
ÆÂáÕ 6-ÃÇÐÊËÎËÆÇÐ-1H-ÒËÓÂÐÑ[3,4-g]ÒÕÇÓËÆËÐ 220.18, 19

3. ±ËÓËÏËÆÑÒÕÇÓËÆËÐÞ

ªÊÄÇÔÕÐÞÇ ÒËÓËÏËÆÑÒÕÇÓËÆËÐÞ âÄÎâáÕÔâ ÒÓÑËÊÄÑÆÐÞÏË
ÒâÕË ËÊÑÏÇÓÐÞØ ÅÇÕÇÓÑÙËÍÎËÚÇÔÍËØ ÔËÔÕÇÏ XLI ëXLV.

±ÓÇÆÔÕÂÄËÕÇÎË ÔËÔÕÇÏÞ XLI ì ÔÑÇÆËÐÇÐËâ 221 Ë 222 ì
ÒÑÎÖÚÂáÕ ÍÑÐÆÇÐÔÂÙËÇÌ ÏÇÕËÎÑÄÑÅÑ à×ËÓÂ 3-ÂÏËÐÑÒËÓÂÊËÐ-
2-ÍÂÓÃÑÐÑÄÑÌ ÍËÔÎÑÕÞ (131) Ô 2-ÏÇÕËÎÕËÑ-1,4,5,6-ÕÇÕÓÂÅËÆÓÑ-
ÒËÓËÏËÆËÐÑÏ ËÎË 2-ØÎÑÓÒËÓËÏËÆËÐÑÏ.60 ®ÇØÂÐËÊÏ ÙËÍÎË-
ÊÂÙËË ÂÐÂÎÑÅËÚÇÐ ÒÓÇÄÓÂÜÇÐËá 131? 132, ÑÒËÔÂÐÐÑÏÖ Ä
ÓÂÊÆÇÎÇ III.5.

2-¡ÏËÐÑ- Ë 2-ÏÇÕËÎÕËÑÒÕÇÓËÆËÐ-4-ÑÐÞ 223 ÄÊÂËÏÑ-
ÆÇÌÔÕÄÖáÕ Ô ËÊÃÞÕÍÑÏ ÂÍÓËÎÑÐËÕÓËÎÂ Ä ÄÑÆÐÑÏ ÒËÓËÆËÐÇ,
ÑÃÓÂÊÖâ ÒËÓËÏËÆÑ[2,1-b]ÒÕÇÓËÆËÐÞ 224 Ô ÄÞØÑÆÑÏ
33 ë 90%.103 °ÚÇÄËÆÐÑ, ÙËÍÎËÊÂÙËË ÒÓÇÆÛÇÔÕÄÖÇÕ ÓÇÂÍÙËâ
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NCl

N2, 1508C, 2 Ú
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N-ÙËÂÐÑàÕËÎËÓÑÄÂÐËâ Ë ÒÑÔÎÇÆÖáÛËÌ ÅËÆÓÑÎËÊ ÐËÕÓËÎßÐÑÌ
ÅÓÖÒÒÞ ÆÑ ÂÏËÆÐÑÌ. °ÆËÐ ËÊ ÒËÓËÏËÆÑÒÕÇÓËÆËÐÑÄ 224
(R1=R4=H, R2=CO2H) ÒÑÎÖÚÂÇÕÔâ ËÊ ÔÑÇÆËÐÇÐËâ 225
ÒÓË ÍÓÂÕÍÑÄÓÇÏÇÐÐÑÏ ÐÂÅÓÇÄÂÐËË Ä ÍËÔÎÑÌ ÔÓÇÆÇ.103

¢ÎËÊÍËÌ ÒÑ ÔÄÑÇÌ ÔÖÕË ÏÇÕÑÆ ÒÑÔÕÓÑÇÐËâ ÒËÓËÏË-
ÆÑ[2,1-b]ÒÕÇÓËÆËÐÑÄÑÌ ÔËÔÕÇÏÞ ÒÓÇÆÎÑÉÇÐ Ä ÓÂÃÑÕÇ 104.
°ÃÓÂÃÑÕÍÂ 3-(3-ÅËÆÓÑÍÔËÒÓÑÒËÎ)ÒÕÇÓËÐÂ 226 ÕÓË×ÇÐËÎ-
×ÑÔ×ËÐÑÏ Ä ÕÇÕÓÂØÎÑÓÏÇÕÂÐÇ ÄÇÆÇÕ Í ÑÃÓÂÊÑÄÂÐËá ÔÏÇÔË
o-ØÎÑÓÒÓÑÒËÎÒÓÑËÊÄÑÆÐÞØ 227a,b (ÔØÇÏÂ 10). £ ÒÓËÔÖÕÔÕÄËË
ÕÇÕÓÂÅËÆÓÑ×ÖÓÂÐÂ ÕÂ ÉÇ ÓÇÂÍÙËâ ÒÓËÄÑÆËÕ ÔÇÎÇÍÕËÄÐÑ Í
3-(3-ØÎÑÓÒÓÑÒËÎ)ÒÕÇÓËÐÖ 227b. ±ÓË ÆÇÌÔÕÄËË ÜÇÎÑÚË Ä
ÄÑÆÐÑÏ àÕÂÐÑÎÇ ÔÑÇÆËÐÇÐËÇ 227b ÙËÍÎËÊÖÇÕÔâ Ä ÒËÓËÏË-
ÆÑ[2,1-b]ÒÕÇÓËÆËÐ 228, ÔËÐÕÇÊ ÍÑÕÑÓÑÅÑ ËÊ ÒÕÇÓËÐÂ 226
ÏÑÉÐÑ ÑÔÖÜÇÔÕÄËÕß ÒÑÔÓÇÆÔÕÄÑÏ ÆÄÖØ ÆÓÖÅËØ ÄÐÖÕÓËÏÑÎÇÍÖ-
ÎâÓÐÞØ ÓÇÂÍÙËÌ: 1) ÍÂÕÂÎËÊËÓÖÇÏÑÌ ÑÔÐÑÄÂÐËÇÏ ÒÇÓÇÅÓÖÒÒË-
ÓÑÄÍË ¥ËÏÓÑÕÂ (226? 229); 2) ÊÂÏÇÜÇÐËÇÏ ÅËÆÓÑÍÔËÎßÐÑÌ
ÅÓÖÒÒÞ ÂÕÑÏÑÏ ØÎÑÓÂ Ë ÄÐÖÕÓËÏÑÎÇÍÖÎâÓÐÞÏ N-ÂÎÍËÎËÓÑ-
ÄÂÐËÇÏ (229? 228).

±ÓË ÐÂÅÓÇÄÂÐËË Ä ÜÇÎÑÚÐÑÌ ÔÓÇÆÇ ÒËÓËÏËÆÑ[2,1-b]ÒÕÇÓË-
ÆËÐ 228 ÒÓÇÄÓÂÜÂÇÕÔâ Ä ÄÇÔßÏÂ ÐÇÖÔÕÑÌÚËÄÞÌ ÒËÓËÏË-
ÆÑ[1,2-Ô]ÒÕÇÓËÆËÐ 230.104

±ËÓËÏËÆÑ[1,2-c]ÒÕÇÓËÆËÐÞ 231 ÔËÐÕÇÊËÓÖáÕ Ä ÆÄÇ ÔÕÂÆËË
ËÊ 2-ÂÏËÐÑ-3-ÙËÂÐÑÒËÓÂÊËÐÑÄ 143. £ ÓÇÂÍÙËË ÔÑÇÆËÐÇÐËÌ 143
Ô 1,3-ÆËÂÏËÐÑÒÓÑÒÂÐÑÏ ÑÃÓÂÊÖáÕÔâ ÕÇÕÓÂÅËÆÓÑÒËÓËÏËÆË-
ÐËÎÒËÓÂÊËÐÞ 232. £ÊÂËÏÑÆÇÌÔÕÄËÇ ÒÑÔÎÇÆÐËØ Ô ÍÇÕÑÐÂÏË Ä
ÒÓËÔÖÕÔÕÄËË HCl ÒÓËÄÑÆËÕ Í ÑÃÓÂÊÑÄÂÐËá ÒËÓËÏËÆÑÒÕÇÓË-
ÆËÐÑÄ 231.63

¢ÇÐÊÑ[g]ÒËÓËÏËÆÑ[1,2,3-i, j ]ÒÕÇÓËÆËÐ-5,7(6H,8H)-ÆËÑÐ 233
ÒÑÎÖÚÂáÕ ÒÑÆÑÃÐÑ ÃÇÐÊÑ[g]ËÏËÆÂÊÑ[1,2,3-i, j ]ÒÕÇÓËÆËÐ-
4,6(5H,7H)-ÆËÑÐÂÏ 151.66

HN

N

N

N

O

R1

R2R3

CH2 CHCN

N

NH2N

N

N

O

CO2H

HO2C

223

225

HCl

H2O

Py ±H2O, D,
20 ± 100 Ú

N

N

N

N

O

R1

NO R2

R4 224

R1=Me, CO2H; R2=H, Me;

R3=NH2, SMe, NHX (X=Me, CH2CH2CO2H); R4=H, X.

228
KOH, H2O

MeOH, D, 5.5 Ú

N

N
H H

N

N

O

O

Ph

Ph

NH2

+
N

N

N

NO

Ph

Ph

N

230

MeOH, D, 3 Ú

H2N

NC N

N

X

143

NH2(CH2)3NH2

80 ± 908C,
18 ± 25 Ú

H2N

N

N

X

N

N
H

232

R1R2C O

EtOH, HCl,

50 ± 608C, 1 ± 5 Ú

N
H

N

N

X

N

N

R2

R1

231 (27 ± 95%)

X=H, Br; R1, R2=Me, Et, Ph, 4-O2NC6H4; R17R2=(CH2)5 .

N

N

N

N

O

O

Me

HO

SOCl2 N

N

N

N

O

O

Me

Cl

226

PPh3, CCl4 N

N

N

N

O

N

Ph

Ph

Cl

Ph3P

227a (47%)

+
N

N

N

N

O

H2N

Ph

Ph

Cl

227b (39%)

HCl, EtOH

PPh3 , CCl4 , THF, D, 30 ÏËÐ (ÄÞØÑÆ 66%)

D

N

N

N

N

O

H2N

Ph

Ph

OH

KOH, H2O,

MeO, D, 3 Ú

HN

N

N

N

O

N

Ph

Ph

OH

229 (65%)H

N

N

N

N

O

N

Ph

Ph
228H

PPh3, CCl4 NaOH, H2O

EtOH, D, 3 Ú

(65% ËÊ 227b; 20% ËÊ 229)
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¯ÂÅÓÇÄÂÐËÇ 6-(g-ÅËÆÓÑÍÔËÒÓÑÒËÎÂÏËÐÑ)-5-ÐËÕÓÑÖÓÂÙËÎÂ
Ä ÆËÏÇÕËÎ×ÑÓÏÂÏËÆÇ ÒÓËÄÑÆËÕ Í ÒËÓËÏËÆÑÒËÓËÏËÆËÐÂÏ
234, ÍÑÕÑÓÞÇ ÒÓÇÄÓÂÜÂáÕ Ä ÒÇÓË-ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞÇ ÒËÓËÏË-
ÆÑ[1,2,3-i, j ]ÒÕÇÓËÆËÐÞ 235, 236 ÒÖÕÇÏ ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÅÑ
ÄÑÔÔÕÂÐÑÄÎÇÐËâ ÐËÕÓÑÅÓÖÒÒÞ Ë ÍÑÐÆÇÐÔÂÙËË ÑÃÓÂÊÖáÜÇÅÑÔâ
ÑÓÕÑ-ÆËÂÏËÐÂ Ô 1,2-ÆËÍÂÓÃÑÐËÎßÐÞÏË ÔÑÇÆËÐÇÐËâÏË.65

±ËÓËÏËÆÑ[5,4-g]- Ë ÒËÓËÏËÆÑ[4,5-g]ÒÕÇÓËÆËÐÂÏ ÒÑÔÄâ-
ÜÇÐÑ ÐÂËÃÑÎßÛÇÇ ÚËÔÎÑ ÓÂÃÑÕ, ÑÒÖÃÎËÍÑÄÂÐÐÞØ ÒÓÇËÏÖÜÇ-
ÔÕÄÇÐÐÑ Ä 50 ë 80-Ç ÅÅ. XX Ä. ªÔÔÎÇÆÑÄÂÕÇÎË ÓÂÔÔÏÂÕÓËÄÂÎË
àÕË ÅÇÕÇÓÑÙËÍÎËÚÇÔÍËÇ ÔËÔÕÇÏÞ ÍÂÍ ÂÐÂÎÑÅË (ÏÑÆÇÎË) ×ÎÂÄË-
ÐÑÄ Ë ËÊÖÚÂÎË ËØ ÑÍËÔÎËÕÇÎßÐÑ-ÄÑÔÔÕÂÐÑÄËÕÇÎßÐÞÇ ÔÄÑÌÔÕÄÂ.

°ÃÜËÏ ÏÇÕÑÆÑÏ ÔËÐÕÇÊÂ ÒËÓËÏËÆÑ[5,4-g]ÒÕÇÓËÆËÐÑÄ 237
âÄÎâÇÕÔâ ÍÑÐÆÇÐÔÂÙËâ ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ÆËÂÏËÐÑÒËÓËÏËÆË-
ÐÑÄ Ô ÂÎÎÑÍÔÂÐÂÏË. ²ÇÂÍÙËá ÍÂÕÂÎËÊËÓÖáÕ ÍÂÍ ÍËÔÎÑÕÞ, ÕÂÍ
Ë ÜÇÎÑÚË. £ ÐÇÍÑÕÑÓÞØ ÔÎÖÚÂâØ ÐÂÓâÆÖ Ô ÔÑÇÆËÐÇÐËÇÏ 237
ÑÃÓÂÊÖÇÕÔâ ÐÇÃÑÎßÛÑÇ ÍÑÎËÚÇÔÕÄÑ ÇÅÑ [4,5-g]-ËÊÑÏÇÓÂ.105 ë 113

£ÏÇÔÕÑ ÂÎÎÑÍÔÂÐÂ ÏÑÅÖÕ ÃÞÕß ËÔÒÑÎßÊÑÄÂÐÞ 5,5-ÆËÅÂÎÑÅÇÐ-
ÃÂÓÃËÕÖÓÑÄÞÇ ÍËÔÎÑÕÞ Ë 2-ÂÏËÐÑ-5,5-ÆËØÎÑÓÒËÓËÏËÆËÐ-
4,6(3H,5H )-ÆËÑÐ.108

±ËÓËÏËÆÑ[5,4-g]ÒÕÇÓËÆËÐÞ ÒÑÎÖÚÂáÕÔâ Ë ÒÓË ÄÊÂËÏÑ-
ÆÇÌÔÕÄËË 6-ÂÏËÐÑ-5-ÐËÕÓÑÊÑÖÓÂÙËÎÑÄ Ô ÃÂÓÃËÕÖÓÑÄÞÏË
ÍËÔÎÑÕÂÏË 238.108, 109, 112

±ÓÑÆÖÍÕÑÏ ÒÎÂÄÎÇÐËâ 6-ÂÏËÐÑ-1,3-ÆËÏÇÕËÎ-5-ÐËÕÓÑÊÑ-
ÖÓÂÙËÎÂ âÄÎâÇÕÔâ ÕÇÕÓÂÏÇÕËÎßÐÑÇ ÒÓÑËÊÄÑÆÐÑÇ ÒËÓË-
ÏËÆÑ[5,4-g]ÒÕÇÓËÆËÐÂ 239.114

£ÊÂËÏÑÆÇÌÔÕÄËÇ 6-ÂÎÍËÎÂÏËÐÑ-5-ÐËÕÓÑÊÑÖÓÂÙËÎÑÄ Ô
6-ØÎÑÓÖÓÂÙËÎÂÏË ÒÓËÄÑÆËÕ Í ÑÃÓÂÊÑÄÂÐËá ÒËÓËÏËÆÑÒÕÇÓË-
ÆËÐÑÄ 240.115

£ ÓÇÊÖÎßÕÂÕÇ ÍÑÐÆÇÐÔÂÙËË 6-ÂÏËÐÑ-5-ÐËÕÓÑÊÑÒËÓËÏËÆËÐ-
ÑÐÑÄ Ô 1,3-ÆËÏÇÕËÎ-5-ÐËÕÓÑ-6-ØÎÑÓÖÓÂÙËÎÑÏ ÑÃÓÂÊÖáÕÔâ
N(10)-ÑÍÔËÆÞ ÒËÓËÏËÆÑÒÕÇÓËÆËÐÑÄ 241.116 ±Ñ ÏÐÇÐËá ÂÄÕÑ-
ÓÑÄ ÓÂÃÑÕÞ, ÏÇØÂÐËÊÏ ÒÓÇÄÓÂÜÇÐËâ ÄÍÎáÚÂÇÕ ÓÇÂÍÙËá ÂÏË-
ÐÑÆÇÅÂÎÑÅÇÐËÓÑÄÂÐËâ Ë ÒÑÔÎÇÆÖáÜÖá ÄÐÖÕÓËÏÑÎÇÍÖÎâÓÐÖá

N

N

N

N

O

O

Me

+

Cl7

(43%)

Zn

CF3CO2H,

Ac2O

N

N

N

N

O

O

Me

Ac

233 (60%)

HN

N

N

N

O

O
Cl7

+

235 (42%)

HN

N

N

N

O

O

Me

CH2

236 (31%)

1) H2, PtO2

2) (MeC O)2

1) H2, PtO2

2) (CHO)2

HN

N

NO2

NH

O

O

HO

H

DMF

D

HN

N

NO2

NH

O

O

234

N

N

NO

NHR3

O

O

R2

R1

+

N

N

O

O

O

R4

H

238

H+

D

N

N

O

O

R2

R1

N

N N

N

R3

O

O

R4

237

R1, R2, R4=H, Me; R3=H, Me, CH2CH2OH.

N

N

NO

NH2

O

O

Me

Me

7NO

N

N NH2

O

O

Me

Me

N

N

NO

NH2

O

O

Me

Me

N

N

O

O

Me

Me N

N N

N

O

O

Me

Me
239

N

N

NO

NHR2

O

O

R1

H

+
N

NCl

O

O

R3

H

DMF

140 ± 1608C, 2 ± 6 Ú

240 (56 ± 72%)

N

N

O

O

R1
N

N N

N

O

O

R3

R2
H

R1, R3=H, Me; R2=Me, Prn, Bun, n-C8H17 , n-C12H25.

Het

NH2

NHR1

+

N

N
O

O O

R2

O

H

Het

N

N N

N

R1

R2

O

O

237

H+

ËÎË HO7

D

HN

N

NH2

NHR1

O

X

N

N

NH2

NHR1

O

X

R3

R4

= (X= O, S; R3, R4 = H, Me),

(X = NH2, NMe2),
N

N

NH2

NHR1

NH2

H2N

, N

N

NH2

NHR1

NH2

O
H

;

Het

NH2

NHR1

R1=Me, Et, CH2CH2OH, D-ÓËÃËÕËÎ, D-ÏÂÐÐËÕËÎ, D-ÔÑÓÃËÕËÎ;
R2=H, Me.
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ÐÖÍÎÇÑ×ËÎßÐÖá ÂÕÂÍÖ ÒÑ ÐËÕÓÑÊÑÅÓÖÒÒÇ Ô àÎËÏËÐËÓÑÄÂÐËÇÏ
ÏÑÎÇÍÖÎÞ HNO2 .

´ÓÇØÍÑÏÒÑÐÇÐÕÐÂâ ÓÇÂÍÙËâ, ÄÇÆÖÜÂâ Í ÑÃÓÂÊÑÄÂÐËá
ÒËÓËÏËÆÑ[5,4-g]ÒÕÇÓËÆËÐÑÄ, ÒÓÇÆÎÑÉÇÐÂ Ä ÓÂÃÑÕÇ 117. ªÔ-
ØÑÆÐÞÏË ÔÑÇÆËÐÇÐËâÏË ÔÎÖÉÂÕ 6-ÂÏËÐÑÖÓÂÙËÎÞ, 4-ÂÏËÐÑ-2-
ÏÇÕËÎ-6-ØÎÑÓÒËÓËÏËÆËÐ Ë N-ÐËÕÓÑÊÑÆËÏÇÕËÎÂÏËÐ. ±ÑÔÎÇÆ-
ÐËÌ Ä ØÑÆÇ ÓÇÂÍÙËË ÐËÕÓÑÊËÓÖÇÕ ËÔØÑÆÐÞÌ ÖÓÂÙËÎ Ë ÑÆÐÑ-
ÄÓÇÏÇÐÐÑ ÂÏËÐËÓÖÇÕ ØÎÑÓÒËÓËÏËÆËÐ. ¥ÄÇ ÏÑÎÇÍÖÎÞ ÒÑÎÖ-
ÚÂáÜÇÅÑÔâ ÒÓË àÕÑÏ ÂÏËÐÑÐËÕÓÑÊÑÖÓÂÙËÎÂ ÄÊÂËÏÑÆÇÌÔÕ-
ÄÖáÕ ÆÓÖÅ Ô ÆÓÖÅÑÏ, ÑÃÓÂÊÖâ ÒËÓËÏËÆÑ[5,4-g]ÒÕÇÓËÆËÐ 239.

6-¡ÎÍËÎÂÏËÐÑ- Ë 6-ÂÓËÎÂÏËÐÑÖÓÂÙËÎÞ ÓÇÂÅËÓÖáÕ Ô
5-ÐËÕÓÑÊÑÃÂÓÃËÕÖÓÑÄÞÏË ÍËÔÎÑÕÂÏË 242 ÒÓË ÐÂÅÓÇÄÂÐËË Ä
¥®¶¡, ÆÂÄÂâ 10-ÊÂÏÇÜÇÐÐÞÇ ÒËÓËÏËÆÑ[5,4-g]ÒÕÇÓËÆËÐÞ
240.118

°ÔÐÑÄÐÞÏ ÒÓÑÆÖÍÕÑÏ ÔÂÏÑÍÑÐÆÇÐÔÂÙËË 6-ÃÇÐÊËÎËÆÇÐ-
ÅËÆÓÂÊËÐÑ-1,3-ÆËÏÇÕËÎ-5-ÐËÕÓÑÊÑÖÓÂÙËÎÂ Ä ÍËÔÎÑÌ ÔÓÇÆÇ
âÄÎâÇÕÔâ ÔÑÇÆËÐÇÐËÇ 239.119

±ËÓËÏËÆÑÒÕÇÓËÆËÐÞ 243 ËÊÑÏÇÓÐÑÅÑ [4,5-g]-ÓâÆÂ ÑÃÓÂ-
ÊÖáÕÔâ Ä ÓÇÂÍÙËË 4-ÂÏËÐÑ-5-ÐËÕÓÑÊÑÒËÓËÏËÆËÐÑÄ Ô 6-ÂÏËÐÑ-
ÒËÓËÏËÆËÐÑÐÂÏË.120, 121

´ÇÓÏËÚÇÔÍÂâ ÙËÍÎËÊÂÙËâ N-ÑÍÔËÆÂ ×ÖÓÂÊÂÐÑÒËÓËÏËÆËÐ-
ÆËÑÐÂ 244 Ô 6-ÂÏËÐÑ-1,3-ÆËÏÇÕËÎÖÓÂÙËÎÑÏ ÒÓËÄÑÆËÕ Ô ÄÞØÑ-
ÆÑÏ 67% Í ÒËÓËÏËÆÑ[5,4-g]ÒÕÇÓËÆËÐÖ 239.122

£ ÓÇÊÖÎßÕÂÕÇ ÔÂÏÑÍÑÐÆÇÐÔÂÙËË ×ÖÓÑÍÔÂÐÂ 244 Ä ÒÓËÔÖÕ-
ÔÕÄËË ÂÎÍËÎ- Ë ÂÓËÎÂÏËÐÑÄ ËÎË Na2S2O4 ÕÂÍÉÇ ÒÑÎÖÚÂÇÕÔâ
ÔÑÇÆËÐÇÐËÇ 239.122 ë 124 °ÆÐÂÍÑ ÓÇÂÍÙËâ ÒÓÑÕÇÍÂÇÕ ÐÇÑÆÐÑ-
ÊÐÂÚÐÑ: ÐÂÓâÆÖ Ô ÒËÓËÏËÆÑÒÕÇÓËÆËÐÑÏ 239 ÑÃÓÂÊÖáÕÔâ ÊÐÂ-
ÚËÕÇÎßÐÞÇ ÍÑÎËÚÇÔÕÄÂ ÆÓÖÅËØ ÒÓÑÆÖÍÕÑÄ (ÐÂÒÓËÏÇÓ,
ÔÑÇÆËÐÇÐËÌ 245, 246) (ÔØÇÏÂ 11).

(R1 =H, Me;

R2 =SMe, Ph).
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+
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O
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O

O

R

R

N

N

R

R

O

O

N

N

239 (49 ± 59%)

R=Me, Et.

N

N OH

O

O

R1
NO

H

242

+
N

NHN

O

O

R2

R3
H

DMF

140 ± 1508C, 4 Ú

N

N

O

O

R1 N

N

R2

O

O

N

N

R3
H

240 (57 ± 75%)

R1, R2=H, Me; R3=Me, Prn, n-C8H17, n-C12H25, Ph, 4-MeOC6H4,

4-ClC6H4, 3-HO2CC6H4, 2,4-Me2C6H3.

N

N NH

O

O

Me NO

Me N
CHPh

2
H2SO4

AcOH, 90 ± 958C, 2 Ú

239 (35%)

N

N

O

O

Me

Me

N

N

Me

Me

O

O

N

N
+

N

N

O

O

Me

Me

N

N

Ph

H

(20%)

N

NR1

R2

NO

NH2

+ Het

H2N

a

N

NR1

R2

N

N

Het

243 (45 ± 85%)

R1= NH2, Me; R2=NH2, OH;

Het

H2N

=

N

N

O

H2N O

Me

Me

,
N

NH

O

H2N NH2

;

aÐAcOH, D, 3 Ú ËÎË TsOHëAcOH, 1138C, 20 Ú.

244

N

N

O

O

Me

Me
N

O+

N

O

N

N

O

O

Me

Me

H2N

DMF

D, 8 Ú
239
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³ÑÇÆËÐÇÐËÇ 239 ÑÃÓÂÊÖÇÕÔâ ÕÂÍÉÇ ÒÓË ÕÇÓÏÑÎËÊÇ 6-ÂÊËÆÑ-
1,3-ÆËÏÇÕËÎÖÓÂÙËÎÂ.125 ±ÓÑÆÑÎÉËÕÇÎßÐÑÇ ÐÂÅÓÇÄÂÐËÇ àÕÑÅÑ
ÂÊËÆÂ Ô ÓÇÂÍÕËÄÑÏ £ËÕÕËÅÂ 247 Ä àÕËÎÂÙÇÕÂÕÇ ËÎË ÆËÏÇÕËÎ-
×ÑÓÏÂÏËÆÇ ÆÂÇÕ ÆËÅËÆÓÑÒËÓËÏËÆÑÒÕÇÓËÆËÐ 248 Ä ÍÂÚÇÔÕÄÇ
ÑÆÐÑÅÑ ËÊ ÒÓÑÆÖÍÕÑÄ.126

5,6-¥ËÂÏËÐÑÖÓÂÙËÎ 44a ÒÓÇÄÓÂÜÂÇÕÔâ Ä ÒËÓËÏËÆÑ[4,5-g]-
ÒÕÇÓËÆËÐ 245 ÒÓË ÐÂÅÓÇÄÂÐËË Ä ÍËÔÎÑÌ ÔÓÇÆÇ.127, 128

°ÍËÔÎÇÐËÇ 6-ÂÏËÐÑ-5-ÐËÕÓÑÊÑÖÓÂÙËÎÑÄ ÕÇÕÓÂÂÙÇÕÂÕÑÏ
ÔÄËÐÙÂ Ä ÖÍÔÖÔÐÑÌ ÍËÔÎÑÕÇ ÒÓËÄÑÆËÕ Í ÔÏÇÔË N(10)-ÑÍÔËÆÑÄ
ÒËÓËÏËÆÑ[5,4-g]ÒÕÇÓËÆËÐÑÄ 241 Ë ×ÖÓÂÊÂÐÑÒËÓËÏËÆËÐÆË-
ÑÐÑÄ.129 ë 131 £ ÓÂÃÑÕÇ 131 ËÊÖÚÇÐ ÏÇØÂÐËÊÏ ÆÂÐÐÑÅÑ ÒÓÇÄÓÂÜÇ-
ÐËâ. ³ÑÇÆËÐÇÐËâ 241 ÑÃÎÂÆÂáÕ ÖÐËÍÂÎßÐÞÏË ÆÎâ ÅÇÕÇÓÑÙË-
ÍÎËÚÇÔÍËØ N-ÑÍÔËÆÑÄ ÔÄÑÌÔÕÄÂÏË: Ä ×ÑÕÑØËÏËÚÇÔÍËØ ÖÔÎÑ-
ÄËâØ ÑÐË ÏÑÅÖÕ ÔÎÖÉËÕß ÂÍÙÇÒÕÑÓÂÏË àÎÇÍÕÓÑÐÂ, ÒÇÓÇÐÑÔÚË-
ÍÂÏË ÂÕÑÏÂ ÍËÔÎÑÓÑÆÂ ËÎË ÆÇÅËÆÓËÓÖáÜËÏË ÂÅÇÐÕÂÏË Ä
ÊÂÄËÔËÏÑÔÕË ÑÕ ÒÓËÓÑÆÞ ÔÖÃÔÕÓÂÕÂ.131 ®ÐÑÅËÇ ËÊ ÐËØ ÒÓÑ-
âÄÎâáÕ ÙËÕÑÕÑÍÔËÚÇÔÍÖá, ÂÐÕËÃÂÍÕÇÓËÂÎßÐÖá Ë ÆÓÖÅËÇ ÄËÆÞ
ÃËÑÎÑÅËÚÇÔÍÑÌ ÂÍÕËÄÐÑÔÕË.131

°ÍËÔÎÇÐËÇ 5,6-ÆËÂÏËÐÑÖÓÂÙËÎÑÄ ÄÑÆÐÞÏ ÓÂÔÕÄÑÓÑÏ
FeCl3 ÒÓËÄÑÆËÕ Í ÔÑÇÆËÐÇÐËâÏ 239, ÐÇ ÔÑÆÇÓÉÂÜËÏ N-ÑÍÔËÆ-
ÐÑÌ ÅÓÖÒÒÞ.132

°ÔÐÑÄÂÐËâ ºË××Â 249, ÒÑÎÖÚÇÐÐÞÇ ËÊ 5,6-ÆËÂÏËÐÑÖÓÂ-
ÙËÎÂ 44a Ë D-ÅÎáÍÑÊÞ, D- ËÎË L-ÂÓÂÃËÐÑÊÞ, ÄÊÂËÏÑÆÇÌ-
ÔÕÄÖáÕ Ô ØÎÑÓËÆÑÏ ÓÕÖÕË Ä ¥®³°, ÑÃÓÂÊÖâ ÔÑÇÆËÐÇÐËÇ 239
(ÔØÇÏÂ 12).133, 134 µÔÕÂÐÑÄÎÇÐÑ, ÚÕÑ ÓÇÂÍÙËâ ÒÓÑÕÇÍÂÇÕ ÒÑ
ÓÂÆËÍÂÎßÐÑÏÖ ÏÇØÂÐËÊÏÖ. £ ÍÂÚÇÔÕÄÇ ÑÍËÔÎËÕÇÎâ ÏÑÉÇÕ
ÃÞÕß ËÔÒÑÎßÊÑÄÂÐ ÒÇÓÑÍÔËÆ ÐËÍÇÎâ.135

±ËÓËÏËÆÑ[4,5-g]ÒÕÇÓËÆËÐÞ ÒÑÎÖÚÂáÕ ÕÂÍÉÇ ËÊ ÒÓÑËÊÄÑÆ-
ÐÞØ ÒËÓÂÊËÐÂ. °ÃÓÂÃÑÕÍÂ 2,5-ÆËÂÏËÐÑ-3,6-ÆËÙËÂÐÑÒËÓÂÊËÐÂ
(112) ÃÖÕËÎËÊÑÕËÑÙËÂÐÂÕÑÏ Ä ÒÓËÔÖÕÔÕÄËË ÅËÆÓËÆÂ ÐÂÕÓËâ Ë
ÃÖÕËÎËÑÆËÆÂ ÒÓËÄÑÆËÕ Í ÒËÓËÏËÆÑ[4,5-g]ÒÕÇÓËÆËÐÖ 250.54
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O
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H

(28 ± 33%)
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N

N

O

O

Me N

N N

N

O

O

Me
H

H

+

248 (17 ± 22%)

Me Me

R=Me, Et.

aÐ 1) HCl, H2O, D, 12 Ú; 2) CCl3CO2H, DMF, D, 3 Ú;
3) 2-NH2C6H4CO2H, 2008C, 1 Ú.

44a

N

N

NH2

NH2

O

O
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O
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O
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N
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O

O

R
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AcOH, 208C

241 (67 ± 80%)

N

N

O

O

R

R N

N N

N

O
O

O

R
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+
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N

N

O

O

R
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N

O

N

R=Me, Ph.

Me

N

N

N

N

O

O
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N
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O
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(ÑÃÜËÌ ÄÞØÑÆ 66%, 1 : 1)
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N

N

O

O

Me

Me
N

O

N(20%)

246 (8%)

D, 8 Ú

HN

ÆËÑÍÔÂÐ, 958C

BunNH2

HMPA, D

PhCH2CH2NH2

DMF, D, 3 Ú

N

N

O

O
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Me
N

O

N

O
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(20%)

N

N

O

O
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N

N
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H
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239 + 246
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+
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N

N
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O
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Me N2

O

NMe2 ËÎË HN
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£ ÓÇÂÍÙËË ÒËÓÂÊËÐÂ 112 Ô ÃÇÐÊÂÎßÆÇÅËÆÑÏ Ë ÒÓÑÒËÎÂÏË-
ÐÑÏ ÒÑÎÖÚÂÇÕÔâ ÔÏÇÔß ÒÓÑÆÖÍÕÑÄ 251a,b,54 ÕÑÅÆÂ ÍÂÍ ÒÓË
ËÔÒÑÎßÊÑÄÂÐËË ÙËÍÎÑÅÇÍÔÂÐÑÐÂ Ë ÏÇÕËÎÂÏËÐÂ ÑÃÓÂÊÖáÕÔâ
ÔÒËÓÑÔÑÇÆËÐÇÐËâ 252a,b (ÔØÇÏÂ 13).

4. ±ÕÇÓËÆËÐÞ, ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞÇ Ô ÆÓÖÅËÏË
ÛÇÔÕËÚÎÇÐÐÞÏË ÙËÍÎÂÏË

£ àÕÑÏ ÓÂÊÆÇÎÇ ÍÓÂÕÍÑ ÓÂÔÔÏÑÕÓÇÐÞ ÏÇÕÑÆÞ ÔËÐÕÇÊÂ ÒÓÑ-
ËÊÄÑÆÐÞØ, ÑÕÐÑÔâÜËØÔâ Í ÅÇÕÇÓÑÔËÔÕÇÏÂÏ XLVI ëLIV.

£ ÑÔÐÑÄÇ ÒÑÎÖÚÇÐËâ ÒËÓÂÊËÐÑ-, ØËÐÑÍÔÂÎËÐÑ-, 1,4-ÆË-
ÑÍÔËÐÑ-, 1,4-ÑÍÔÂÕËËÐÑ- Ë 1,4-ÆËÕËËÐÑ[2,3-g]ÒÕÇÓËÆËÐÑÄ
253 ë 256 ÎÇÉËÕ ÕÂÐÆÇÏÐÂâ ÓÇÂÍÙËâ ÒÓËÔÑÇÆËÐÇÐËâ ÃË×ÖÐÍ-
ÙËÑÐÂÎßÐÞØ ÐÖÍÎÇÑ×ËÎÑÄ Í ÐÇÊÂÏÇÜÇÐÐÑÏÖ ÒÑ ÂÕÑÏÂÏ³(6) Ë
³(7) 4-àÕÑÍÔËÍÂÓÃÑÐËÎÒÕÇÓËÆËÐÖ (ÔØÇÏÂ 14).136

NC

H2N

NH2
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BunN C S (2 àÍÄ.),
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N

N
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N

N
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N

N N N
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N

N N N
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S

N

N N

N
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N

N N

N

S
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N

N N S
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N

N

N

N O

O
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N

N

N

N S

O
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N

N

N

N S

S

LIV [2,3-g]

N

N

N

NH2

O

O

Me

Me

(CHOH)n

CH2

OH

249

..

H

(CHOH)n71

O

NH2

N

OH

N

N

HgCl

H

H

.

.

.

O
(CHOH)n71

O
(CHOH)n717 NH

N
.

HgCl

.. ..

H

(CHOH)n71

O

NH2

N

OH
7H2O,7HCl

HgCl2

HgCl2

239
7Hg0,7HCl,7N2
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D, 1 Ú

MeOH, DMF, 208C, 6 ÔÖÕ

MeNH2,

N

N

N

N

NHPrn

Ph
N

N Ph

NHPrn251a (12%)

+

N

N

N

N

NHMe

N

N

NHMe
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+
N

N

N

N

NHMe

N

N

NHMe
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H

H

N

N

N

N

NHPrn

N

N

NHPrn

Ph

Ph

251b
H

H

PrnNH2, PhCH O

O
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N

N

N
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N
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H

H

H
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N

N

N

N N

N

EtO2C H

H

H

H

254

NH2(CH2)2NH2

PhH, 208C, 30 ÏËÐ

1,2-(H2N)2C6H4

PhH, 208C, 30 ÏËÐ

H

255 (X = O, S)

H

N

N

N

N X

X

EtO2C

HX(CH2)2XH

HCl, 208C, 3 Ú

HS(CH2)2OH

PhH, D, 3 Ú

N

N

N

N

EtO2C

H

256

H

N

N

N

N S

O

EtO2C
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±ËÓÂÊËÐÑ[2,3-g]ÒÕÇÓËÆËÐÞ 257 ÒÑÎÖÚÂáÕ ÔÒÎÂÄÎÇÐËÇÏ
6,7-ÆËÂÏËÐÑÒÕÇÓËÆËÐÑÄ 258 Ô 1,2-ÆËÍÂÓÃÑÐËÎßÐÞÏË ÔÑÇÆËÐÇ-
ÐËâÏË.51, 52 ±ÓË ËÔÒÑÎßÊÑÄÂÐËË ÕÓÇÕ-ÃÖÕËÎÅÎËÑÍÔÂÎâ ÓÇÂÍ-
ÙËá ÒÓÑÄÑÆâÕ ÒÓË ÐÂÅÓÇÄÂÐËË Ä ÄÑÆÐÑ-ÔÒËÓÕÑÄÑÏ ÓÂÔÕÄÑÓÇ Ä
ÒÓËÔÖÕÔÕÄËË ÕÓË×ÕÑÓÖÍÔÖÔÐÑÌ ÍËÔÎÑÕÞ.52

£ÊÂËÏÑÆÇÌÔÕÄËÇ 3-ÂÏËÐÑÒËÓÂÊËÐ-2-ÍÂÓÃÑÍÔËÎÂÕÂ 131 Ô
2-ÏÇÕËÎÕËÑÒËÓÂÊËÐÑÏ ÒÓËÄÑÆËÕ Í ÒËÓÂÊËÐÑ[2,1-b]ÒÕÇÓË-
ÆËÐÖ 259.60

¬ÂÕÂÎËÊËÓÖÇÏÂâ ÑÔÐÑÄÂÐËâÏË ÍÑÐÆÇÐÔÂÙËâ 2-ÕËÑÎáÏÂ-
ÊËÐÂ 162 (R=H) Ô 1,3-ÆËÃÓÑÏÒÓÑÒÂÐÑÏ ÆÂÇÕ 1,3-ÕËÂÊË-
ÐÑ[2,3-b]ÒÕÇÓËÆËÐ 260.69, 70 ¡ÐÂÎÑÅËÚÐÂâ ÓÇÂÍÙËâ ÔÑÇÆËÐÇÐËâ
162 (R=Me) ÒÓËÄÑÆËÕ Í ÑÃÓÂÊÑÄÂÐËá ÕÓÖÆÐÑÓÂÊÆÇÎËÏÑÌ
ÔÏÇÔË ËÊÑÏÇÓÐÞØ 1,3-ÕËÂÊËÐÑ[2,3-b]- Ë 1,3-ÕËÂÊËÐÑ[3,2-a]ÒÕÇ-
ÓËÆËÐÑÄ.69 ¢ÑÎÇÇ à××ÇÍÕËÄÐÞÏ ÏÇÕÑÆÑÏ ÔËÐÕÇÊÂ ÕËÂÊËÐÑ-
ÒÕÇÓËÆËÐÑÄ 260 âÄÎâÇÕÔâ ÄÊÂËÏÑÆÇÌÔÕÄËÇ ÏÇÕËÎ-
3-ÂÏËÐÑÒËÓÂÊËÐ-2-ÍÂÓÃÑÍÔËÎÂÕÂ (131) Ô 2-ÏÇÕËÎÕËÑ-5,6-ÆË-
ÅËÆÓÑ-4H-1,3-ÕËÂÊËÐÑÏ.60

¯ÂÅÓÇÄÂÐËÇ 7-(2-ÂÏËÐÑ×ÇÐËÎ)ÕËÑ-6-ØÎÑÓÎáÏÂÊËÐÂ 261
ÒÓËÄÑÆËÕ Í ÄÐÖÕÓËÏÑÎÇÍÖÎâÓÐÑÌ ÓÇÂÍÙËË ÂÏËÐÑÆÇÅÂÎÑÅÇÐË-
ÓÑÄÂÐËâ Ë ÑÃÓÂÊÑÄÂÐËá ÃÇÐÊÑ-1,4-ÕËÂÊËÐÑ[3,2-g]ÒÕÇÓËÆËÐÂ
262.71

V. ±ÕÇÓËÆËÐÞ, ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞÇ
Ô ÔÇÏËÚÎÇÐÐÞÏ ÅÇÕÇÓÑÙËÍÎÑÏ

°ÒÖÃÎËÍÑÄÂÐÞ ÎËÛß ÆÄÂ ÒÓËÏÇÓÂ ÔËÐÕÇÊÂ ÒÕÇÓËÆËÐÑÄ, ÍÑÐ-
ÆÇÐÔËÓÑÄÂÐÐÞØ Ô ÔÇÏËÚÎÇÐÐÞÏ ÅÇÕÇÓÑÙËÍÎÑÏ. ´ÂÍ, ÒÓË
ÆÇÌÔÕÄËË 1,3-ÆËØÎÑÓÒÓÑÒÂÐÂ ÐÂ 6,7-ÆËÕËÑÎáÏÂÊËÐ 167 ÒÑÎÖ-
ÚÂÇÕÔâ ÔÑÇÆËÐÇÐËÇ 263.38

£ ÓÇÊÖÎßÕÂÕÇ ÍÑÐÆÇÐÔÂÙËË Ñ-ÂÏËÐÑÙËÂÐÑÒËÓÂÊËÐÑÄ 143 Ô
1,3-ÆËÂÏËÐÑÒÓÑÒÂÐÑÏ ÑÃÓÂÊÖáÕÔâ ÔÑÇÆËÐÇÐËâ 264, ÍÑÕÑÓÞÇ
ÙËÍÎËÊÖáÕÔâ Ä 1,3-ÆËÂÊÇÒËÐÑ[1,2-c]ÒÕÇÓËÆËÐÞ 265 ÒÓË ÑÃÓÂ-
ÃÑÕÍÇ ÍÇÕÑÐÂÏË Ä ÍËÔÎÑÌ ÔÓÇÆÇ.63

VI. ¥ÓÖÅËÇ ÒÑÎËÅÇÕÇÓÑÙËÍÎËÚÇÔÍËÇ
ÒÓÑËÊÄÑÆÐÞÇ ÒÕÇÓËÆËÐÂ

±ÑÏËÏÑ ÓÂÔÔÏÑÕÓÇÐÐÞØ Ä ÒÓÇÆÞÆÖÜËØ ÓÂÊÆÇÎÂØ ËÐÆÑÎÑ-,
ÃÇÐÊÑ×ÖÓÑ-, ÃÇÐÊËÏËÆÂÊÑ-, ØËÐÑÍÔÂÎËÐÑ- Ë ÃÇÐÊÑÕËÂÊËÐÑÒÕÇ-
ÓËÆËÐÑÄ, Ä ÎËÕÇÓÂÕÖÓÇ ËÏÇáÕÔâ ÔÄÇÆÇÐËâ Ñ ÔËÐÕÇÊÇ ÆÓÖÅËØ
ÒÑÎËâÆÇÓÐÞØ ÒÕÇÓËÆËÐÑÄ. ¯ÂÒÓËÏÇÓ, ÒÓË ÑÃÎÖÚÇÐËË ÔÏÇÔË
3-ÏÇÕËÎÎáÏË×ÎÂÄËÐÂ (266) Ô N,N-ÆËÏÇÕËÎ-2-ÃÖÕËÐËÎÂÏË-
ÐÑÏ Ä ÂÙÇÕÑÐËÕÓËÎÇ Ä ÒÓËÔÖÕÔÕÄËË ×ÑÔ×ÂÕÐÑÅÑ ÃÖ×ÇÓÂ
(pH 7.2) ÑÃÓÂÊÖÇÕÔâ ÒËÓÓÑÎÑËÊÑÂÎÎÑÍÔÂÊËÐ 267 ÐÂÓâÆÖ Ô ×ÎÂ-
ÄÑÙËÂÐËÐÑÏ 268 (ÉËÓÐÞÏË ÎËÐËâÏË ÄÞÆÇÎÇÐÞ ×ÓÂÅÏÇÐÕÞ
ÔÑÇÆËÐÇÐËâ 266 Ë ÒÓÑÆÖÍÕÂ 267, ÍÑÕÑÓÞÇ ÓÂÔÔÏÂÕÓËÄÂáÕÔâ
ÆÂÎÇÇ ÒÓË ÑÃÔÖÉÆÇÐËË ÏÇØÂÐËÊÏÂ ÓÇÂÍÙËË).137
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;
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Het

N

N

NH2

NH2

+

O

O R1

R2

Het

N

N N

N R1

R2

258 257 (48 ± 84%)

N

N

SMe

+

N

N

H2N

MeO

O

N2, 1508C, 2 Ú

131

N

N

N N

N

O

259

S

N

N N

N R

R

HN

N

N

N R

R

S
H 162

S

N

SMe

Br(CH2)3Br

NaHCO3, NaOH,

H2O7PriOH, D, 1 Ú

131

AcOH, 1008C, 5 ± 10 Ú
260 (14 ± 30%)

O

O

R=H, Me.

N

N

N

N

O

O

Me

Me Cl

S

NH2261

N

N

N

N

O

O

Me

Me N

S

262 (80%)

H

N

N

N

N

O

O

Me

Me S

S

167

H

H

Cl(CH2)3Cl N

N

N

N

O

O

Me

Me S

S

263

N

NNC

H2N

X

143

NH2(CH2)3NH2

P4S10, 40?908C,
18 ± 25 Ú N

N

H2N

X
N

N

264

H
R1R2C=O

EtOH, HCl,
50 ± 608C,
1 ± 5 Ú

N

N X
N

N

NR2

R1

265 (27 ± 95%)

H

X=H, Br; R1, R2=Me, Et, Ph, 4-O2NC6H4 Ë ÆÓ.

N

N

N

N

O

O

Me

Me

Me

Me

Me
OH

267 (32%)

+

N

N

N

N

O

O

Me Me

Me

Me

Me

Me2N
+

7

268 (20%)

N

N

N

N

O

O

Me

Me

Me

Me

266

Me
NMe2

4a 5
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²ÇÂÍÙËâ ÐÂÚËÐÂÇÕÔâ Ô ÒÇÓÇÐÑÔÂ ÆÄÖØ àÎÇÍÕÓÑÐÑÄ ÑÕ ÕÓÇ-
ÕËÚÐÑÅÑ ÂÏËÐÂ Í 3-ÏÇÕËÎÎáÏË×ÎÂÄËÐÖ (266), ÊÂÕÇÏ ÒÓÑËÔ-
ØÑÆËÕ ÏËÅÓÂÙËâ ÒÓÑÕÑÐÂ Ë ÑÃÓÂÊÖáÕÔâ ÒÓÑÏÇÉÖÕÑÚÐÞÇ ËÑÐÞ
269 Ë 270. ¯ÖÍÎÇÑ×ËÎßÐÑÇ ÒÓËÔÑÇÆËÐÇÐËÇ ÂÐËÑÐÂ 269 Í ÕÓÑÌ-
ÐÑÌ ÔÄâÊË ³:³ ÍÂÕËÑÐÂ 270 ÒÓËÄÑÆËÕ Í ÊÂÏÞÍÂÐËá ÒËÓ-
ÓÑÎßÐÑÅÑ ÙËÍÎÂ.

¬ÑÐÆÇÐÔÂÙËÇÌ Ñ-ÆËÂÏËÐÑÂÓÇÐÑÄ Ô ÂÎÎÑÍÔÂÐÑÏ (187) ÒÑÎÖ-
ÚÇÐÞ ØËÐÑÎËÐÑ[5,6-g]ÒÕÇÓËÆËÐ-9,11(8H,10H )-ÆËÑÐ (271)
(ÔÏ.138) Ë 7,9-ÆËÂÏËÐÑÒÕÇÓËÆËÐÑ[6,7-g]ÒÕÇÓËÆËÐ-2,4(1H,3H )-
ÆËÑÐ (272).51

¡ÐÂÎÑÅËÚÐÑÇ ÄÊÂËÏÑÆÇÌÔÕÄËÇ 7,8-ÆËÂÏËÐÑØËÐÑÎËÐÂ 273 Ô
ÂÎÎÑÍÔÂÐÑÏ ÒÓËÄÑÆËÕ Í 2,4,7-ÕÓËÏÇÕËÎØËÐÑÎËÐÑ[8,7-g]ÒÕÇÓË-
ÆËÐ-9,11(7H,10H )-ÆËÑÐÖ (274).139 ³ÑÇÆËÐÇÐËÇ 274 Ë ÇÅÑ
10-ÂÎÍËÎÒÓÑËÊÄÑÆÐÞÇ 140 ÔÑÆÇÓÉÂÕ ÂÊÂ×ÇÐÂÐÕÓÑÎËÐÑÄÞÌ
×ÓÂÅÏÇÐÕ Ë ÔÒÑÔÑÃÐÞ ÍÑÑÓÆËÐËÓÑÄÂÕß ËÑÐÞ ÏÇÕÂÎÎÑÄ.

±ÑÆÑÃÐÞÇ ÍÑÏÒÎÇÍÔÞ ÔÎÖÉÂÕ ÐÇ ÕÑÎßÍÑ ÏÑÆÇÎßÐÞÏË ÔËÔÕÇ-
ÏÂÏËÏÇÕÂÎÎÑ×ÎÂÄÑÒÓÑÕÇËÐÑÄ, ÐÑ ÏÑÅÖÕ ÃÞÕß ËÔÒÑÎßÊÑÄÂÐÞ
ÍÂÍ ÍÂÕÂÎËÊÂÕÑÓÞ ÑÍËÔÎÇÐËâ in vitro.

¬ÑÐÆÇÐÔÂÙËâ 5,6-ÆËÂÏËÐÑÒËÓËÏËÆËÐÑÄ Ô ×ÇÐÂÐÕÓÑÎËÐ-
5,6-ÆËÑÐÑÏ ÆÂÇÕ ÒÕÇÓËÆËÐÑ[6,7-f ]-1,10-×ÇÐÂÐÕÓÑÎËÐÞ
275.141 ë 144 ³ÑÇÆËÐÇÐËâ 275 ÒÑÆÑÃÐÑ ×ÎÂÄËÐÂÏ ÑÃÓÂÕËÏÑ
ÄÑÔÔÕÂÐÂÄÎËÄÂáÕÔâ Ä ÄÑÆÐÑÏ ÓÂÔÕÄÑÓÇ ÐÂ àÎÇÍÕÓÑÆÇ ËÊ ÔÕÇÍ-
ÎÑÖÅÎÇÓÑÆÂ (ÑÆÐÑ- Ë ÆÄÖØàÎÇÍÕÓÑÐÐÑÇ ÄÑÔÔÕÂÐÑÄÎÇÐËÇ ÒÑ
ÒËÓÂÊËÐÑÄÑÏÖ ÙËÍÎÖ) Ë ÔÎÖÉÂÕ ÖÆÑÃÐÞÏË ÏÇÆËÂÕÑÓÂÏË
àÎÇÍÕÓÑØËÏËÚÇÔÍËØ ÒÓÑÙÇÔÔÑÄ.

²ÖÕÇÐËÇÄÞÇ ÍÑÏÒÎÇÍÔÞ ÒÕÇÓËÆËÐÑ×ÇÐÂÐÕÓÑÎËÐÑÄ 275, ÐÂÒÓË-
ÏÇÓ ÍÑÏÒÎÇÍÔ 276, ÑÃÎÂÆÂáÕ ÔÄÑÌÔÕÄÂÏË ËÐÕÇÓÍÂÎâÕÑÓÑÄ Ë
ÏÑÅÖÕ ËÔÒÑÎßÊÑÄÂÕßÔâ ÍÂÍ ÚÖÄÔÕÄËÕÇÎßÐÞÇ ÎáÏËÐÇÔÙÇÐÕÐÞÇ
ÊÑÐÆÞ ÆÎâ ¥¯¬.145

£ÊÂËÏÑÆÇÌÔÕÄËÇ ÕÇÕÓÂÂÏËÐÑÒËÓËÏËÆËÐÂ Ô 17,18-ÆËÑÍÔÑ-
ÕÇÕÓÂÂÓËÎÒÑÓ×ËÓËÐÑÏ 277 ÒÓËÄÑÆËÕ Í ÑÃÓÂÊÑÄÂÐËá ÒÕÇÓË-
ÆËÐÑ[2,3-b]ÒÑÓ×ËÓËÐÂ 278, ÍÑÕÑÓÞÌ ÃÞÎ ËÔÔÎÇÆÑÄÂÐ ÍÂÍ
ÍÑÏÒÑÐÇÐÕ ÏÑÆÇÎßÐÑÌ ÉÇÔÕÍÑÌ ÐÇÍÑÄÂÎÇÐÕÐÑÌ ÔËÔÕÇÏÞ ÒÇÓÇ-
ÐÑÔÂ ÊÂÓâÆÂ (àÎÇÍÕÓÑÐÂ) (ÔØÇÏÂ 15).146

¬ÑÐÆÇÐÔÂÙËâ 5-ÂÏËÐÑÙËÕËÆËÐÂ Ô ËÊÂÕËÐÂÏË 279 ÒÓË
ÐÂÅÓÇÄÂÐËË Ä ÄÑÆÐÑÏ àÕÂÐÑÎÇ ÔÑÒÓÑÄÑÉÆÂÇÕÔâ ÄÐÖÕÓË-
ÏÑÎÇÍÖÎâÓÐÑÌ ÓÇÂÍÙËÇÌ ÐÖÍÎÇÑ×ËÎßÐÑÅÑ ÒÓËÔÑÇÆËÐÇÐËâ
OH-ÅÓÖÒÒÞ ËÐÕÇÓÏÇÆËÂÕÂ 280 ÒÑ ÂÕÑÏÖ C(4) ÒËÓËÏËÆË-
ÐÑÄÑÅÑ ÙËÍÎÂ, ÄÇÆÖÜÇÌ Í 1,5,3-ÆËÑÍÔÂÊÇÒËÐÑ[3,2-c]ËÐÆÑ-
ÎÑ[3,2-g]ÒÕÇÓËÆËÐÂÏ 281.147 ë 149 ±ÖÕÇÏ ÐÇÔÎÑÉÐÞØ ÒÓÑÙÇÆÖÓ
ÒÑÔÎÇÆÐËÇ ÒÓÇÄÓÂÜÂáÕ Ä ÔÑÇÆËÐÇÐËâ 282, Ö ÍÑÕÑÓÞØ ÄÞ-
âÄÎÇÐÂ ÖÏÇÓÇÐÐÂâ ÒÓÑÕËÄÑÎÇÌÍÇÏËÚÇÔÍÂâ ÂÍÕËÄÐÑÔÕß
(ÔØÇÏÂ 16).

Me

NMe2
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N
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269 270
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+
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Het
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+

N
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O

O

O O
H

H+ ËÎË HO7

N
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O

ON

N

H

Het

271, 272187

Het =N (271) , N

N

N

N

NH2

H2N

(272).

+

N

N

O

O

NaOH (ÄÑÆÐ.), pH 10 ë 11.5

208C, 20 Ú

N

NN

N

Het

275 (43 ± 88%)

Het

NH2

NH2

= (R=Me (44a), H (44b));N

N

NH2

NH2

O

O

R

R

Het

NH2

NH2

HN

N

NH2

NH2

O

H2N

(82), N

N

NH2

NH2

NH2

R

(R =H, NH2).

276

Het

N

NN

N

Ru

N

N

N

N

2+

H
N

NH

O

O

O O

N

Me

Me
NH2

NH

Me273

+

187

BunOH, TsOH

D, 6 Ú

N

Me

Me
N

N

Me

N

NH

O

O

274
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±ÓË ÐÂÅÓÇÄÂÐËË ÆËÂÏËÐÑÄ 283 Ô ÏÖÓÂÄßËÐÑÌ ÍËÔÎÑÕÑÌ
ÑÃÓÂÊÖáÕÔâ ËÏËÆÂÊÑ[4,5-j ]ÂÎÎÑÍÔÂÊËÐÞ 284.150

­áÏÂÊËÐ-6,7-ÆËÕËÑÐ (167) Ä ÕÓËàÕËÎÂÏËÐÇ ÒÑÆÄÇÓÅÂÇÕÔâ
ÔÂÏÑÍÑÐÆÇÐÔÂÙËË, Ä ÓÇÊÖÎßÕÂÕÇ ÍÑÕÑÓÑÌ ÒÑÎÖÚÂÇÕÔâ ÔÏÇÔß
ÒÇÐÕÂÙËÍÎËÚÇÔÍËØ ÔÑÇÆËÐÇÐËÌ 285a,b.38

HN

N

N

N

O

O

NH2

R

NH2

H
283

HCO2H

HCl, H2O,
D, 2 Ú

HN

N

N

N

O

O

R

HN

N
H

284 (82 ± 86%)

R=H, Me.

N

N

N

N

O

O

Me

Me S

S

167

H

H

Et3N

72 H2S

N

N

NH2

NH2H2N

NH2

+

N

R

NH

O

O

R

N

RR

HN

277

But

But

N

O

O

N

O

O

H N

NN

N

N

N

H

H

H

H

N
R

N

R

R HN

NH

R

ET

®ÑÆÇÎßÐÂâ ÔËÔÕÇÏÂ ÒÇÓÇÐÑÔÂ àÎÇÍÕÓÑÐÂ (ET)

R=3,5-But2C6H3 .

278 (85%)

N

NH2N

NH2

N

N
N

R

N

RR

HNNH

R

Py, ÂÓÅÑÐ, D, 24 Ú

hn

³ØÇÏÂ 15

NH2

NH2

O N

N

HO

OH

+

O

279

NO

R1

X

EtOH7H2O (3 : 1)

D

O

HO

HO

OH

O

N

N N

N

X

R1

N

280

..

O

N

N N

N

X

R1

N

281 (80%)

H

1) MeI, Na2CO3

2) NaIO4, THF, H2O

O

N

N N

N

X

R1

N

OO

Me

OHC

CHO

(73 ± 85%)

1) NHR2R3

2) NaBH3CN

O

N

N N

N

X

R1

N

OO

Me

R2R3NCH2

CH2NR2R3

282

R1=H, Me; X=H, F; NR2R3=NEt2, NMe, NMeR4 (R4= (CH2)3NMe2 ,N NMe).

O

O

O

HO

HO

HO

³ØÇÏÂ 16

552 ¡.£.¤ÖÎÇÄÔÍÂâ, ¡.¶.±ÑÉÂÓÔÍËÌ



³ÑÇÆËÐÇÐËÇ 285a ÑÃÓÂÊÖÇÕÔâ ÕÂÍÉÇ ÒÓË ÆÎËÕÇÎßÐÑÏ ÑÃÎÖ-
ÚÇÐËË ÆËÒÕÇÓËÆËÐËÎÆËÔÖÎß×ËÆÂ 286, ÒÑÎÖÚÇÐÐÑÅÑ, Ä ÔÄÑá
ÑÚÇÓÇÆß, ÑÍËÔÎÇÐËÇÏ ÕËÑÐÂ 287.151

£ ÂÐÂÎÑÅËÚÐÖá ÙËÍÎËÊÂÙËá ÄÔÕÖÒÂÇÕ Ë ËÊÑÏÇÓÐÞÌ ÎáÏÂ-
ÊËÐ-7-ÕËÑÐ, ÑÃÓÂÊÖâ ÆËÕËËÐÑÆËÒÕÇÓËÆËÐ 285b.151 1,3-¥ËÏÇ-
ÕËÎ-6,7-ÆËØÎÑÓÎáÏÂÊËÐ (15) ÒÓË ÐÂÅÓÇÄÂÐËË Ô ÕËÑÏÑÚÇÄËÐÑÌ
Ä ÔÒËÓÕÇ, Â ÊÂÕÇÏ Ä ¥®¶¡ ÆÂÇÕ ÔÏÇÔß ÔÑÇÆËÐÇÐËÌ 285a,b.151

±ÇÐÕÂÙËÍÎËÚÇÔÍËÇ ÂÐÅÖÎâÓÐÞÇ ÃÇÐÊÑÆËÒÕÇÓËÆËÐÞ 288
ÒÑÎÖÚÇÐÞ Ä ÆÄÇ ÔÕÂÆËË ËÊ 5-ÐËÕÓÑ-6-ØÎÑÓÖÓÂÙËÎÂ 289 Ë
N,N 0-ÆËàÕËÎ-Ò-×ÇÐËÎÇÐÆËÂÏËÐÂ. ¯ÂÅÓÇÄÂÐËÇ ÑÃÓÂÊÖáÜÇ-
ÅÑÔâ ÐÂ ÒÇÓÄÑÌ ÔÕÂÆËË ÔÑÇÆËÐÇÐËâ 290 Ä ÔÏÇÔË POCl3 ë¥®¶¡
ÒÓËÄÑÆËÕ Í ÊÂÏÞÍÂÐËá ÆÄÖØ ÒËÓÂÊËÐÑÄÞØ ÙËÍÎÑÄ Ë ÑÃÓÂÊÑ-
ÄÂÐËá ÃÇÐÊÑÆËÒÕÇÓËÆËÐÑÄ 288.152

¥ÇÊÂÊÂÒÓÑËÊÄÑÆÐÞÇ ÔÑÇÆËÐÇÐËâ 288ìÒÇÐÕÂÙËÍÎÞ 291ì
ÒÑÎÖÚÂáÕ ÂÐÂÎÑÅËÚÐÑ, ËÔÒÑÎßÊÖâ Ä ÍÂÚÇÔÕÄÇ ËÔØÑÆÐÞØ
ÄÇÜÇÔÕÄ 6-ØÎÑÓÖÓÂÙËÎ, N,N 0-ÆËÂÎÍËÎ-Ò-×ÇÐËÎÇÐÆËÂÏËÐ Ë
ÐËÕÓÑØÎÑÓÖÓÂÙËÎ 289.152

¯ËÕÓÑÄÂÐËÇ ÆËÂÏËÐÑÄ 292a,b ÔÑÒÓÑÄÑÉÆÂÇÕÔâ ÅÇÕÇÓÑ-
ÙËÍÎËÊÂÙËÇÌ, ÒÓËÄÑÆâÜÇÌ Í ÎËÐÇÌÐÞÏ ÃÇÐÊÑÆËÒÕÇÓËÆËÐÂÏ
293a,b.152

¯ÂÅÓÇÄÂÐËÇ ÃÇÐÊÑÆËÒÕÇÓËÆËÐÂ 293a Ô Triton B Ä ÆË-
ÏÇÕËÎ×ÑÓÏÂÏËÆÇ ÄÇÆÇÕ Í ÓÇÙËÍÎËÊÂÙËË ÑÆÐÑÅÑ ËÊ ÒËÓËÏË-
ÆËÐÑÄÞØ ÍÑÎÇÙ Ë ÑÃÓÂÊÑÄÂÐËá ÔÏÇÔË ÔÑÇÆËÐÇÐËÌ 294 Ë 295.152
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+
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N
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O
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O
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O
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N
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O
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286 (70%)

hn
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N

N

N

N

O

O

Me

Me S

287

H

30%-ÐÞÌ H2O2

208C, 4 Ú

289
H

N

N

NO2

Cl

O

O

Me

+

NHEt

NHEt

PhNEt2

ÂÓÅÑÐ, 1008C, 2.5 Ú

H

N

N

NO2

N

O

O

Me
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N

N

N

O2N
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O

Me

O

H

290

N

N

N

N

O

O

Me

Et

N

N

N

N
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O O

Me

288 (7%)

POCl37DMF

ÂÓÅÑÐ, 1108C, 2 Ú

NHR

NHR

+
N

N Cl

O

O

Me

H

Et3N, PhNEt2

BunOH, ÂÓÅÑÐ, D, 2.5 Ú

N

N N

O

O

Me

R

NHR

H

(51 ± 59%)

289

PhNEt2, CHCl3,

EtOH, ÂÓÅÑÐ, D, 3 Ú

N

N N
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O

Me

R

N
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N
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O
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H
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ÂÓÅÑÐ, 1008C, 5 Ú
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291 (4 ± 31%)

R=Et, n-C8H17 , n-C12H25 .
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O

O
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R
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N

N
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O
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293a,b (75% (a), 20% (b))

R=Et (a), n-C8H17 (b).
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±ÓË ÑÃÓÂÃÑÕÍÇ 6,7-ÆËÂÎÍËÐËÎÎáÏÂÊËÐÑÄ 192a ë c ÂÊËÆÑÏ
ÐÂÕÓËâ Ä ÆËÏÇÕËÎ×ÑÓÏÂÏËÆÇ ÑÃÓÂÊÖáÕÔâ 1,2,3-ÕÓËÂÊÑÎÑ-
[10,50;1,2]ÒËÓËÆÑ[4,3-g]ÒÕÇÓËÆËÐÞ 296a ë c ÐÂÓâÆÖ Ô ËÊÑÏÇÓ-
ÐÞÏË ÔÑÇÆËÐÇÐËâÏË 297a ë c.153

®ÇØÂÐËÊÏ ÆÂÐÐÑÌ ÕÂÐÆÇÏÐÑÌ ÙËÍÎËÊÂÙËË ÏÑÉÐÑ ÒÓÇÆ-
ÔÕÂÄËÕß ÔÎÇÆÖáÜËÏ ÑÃÓÂÊÑÏ:

±ÑÉÂÎÖÌ, ÐÂËÃÑÎÇÇ ÔÎÑÉÐÞÏË ÍÑÐÆÇÐÔËÓÑÄÂÐÐÞÏË
ÔÕÓÖÍÕÖÓÂÏË ÐÂ ÑÔÐÑÄÇ ÒÕÇÓËÆËÐÂ âÄÎâáÕÔâ ÖÒÑÏâÐÖÕÞÇ ÄÑ
ÄÄÇÆÇÐËË ÒËÅÏÇÐÕÞ ÅÎÂÊ ÒÎÑÆÑÄÞØ ÏÖÛÇÍ Drosophila
melanogaster ì ÆÓÑÊÑÒÕÇÓËÐ (7), ÂÖÓÑÆÓÑÊÑÒÕÇÓËÐ (8) Ë ËØ
àÐÂÐÕËÑÏÇÓÞ.8 ë 10 ªØ ÃËÑÔËÐÕÇÊ 10 ÄÍÎáÚÂÇÕ ÒÓÇÄÓÂÜÇÐËÇ
ÅÖÂÐÑÊËÐÕÓË×ÑÔ×ÂÕÂ (GTP) Ä 7,8-ÆËÅËÆÓÑÐÇÑÒÕÇÓËÐÕÓË-
×ÑÔ×ÂÕ (H2-NTP) Ë ÆÂÎÇÇ Ä 6-ÒËÓÖÄÑËÎÕÇÕÓÂÅËÆÓÑÒÕÇÓËÐ
(6-PTP). °ÆÐÂ ËÊ ÒÑÔÎÇÆÖáÜËØ ×ÇÓÏÇÐÕÂÕËÄÐÞØ ÓÇÂÍÙËÌ
ÄÇÆÇÕ Í ÒÓÇÄÓÂÜÇÐËá 6-PTP Ä ÒËÓËÏËÆÑÆËÂÊÇÒËÐ (PDA), Â
ÆÓÖÅÂâ ì Í ÑÃÓÂÊÑÄÂÐËá 7,8-ÆËÅËÆÓÑÒÕÇÓËÐÂ (7,8-DHP).
£ ÓÇÊÖÎßÕÂÕÇ ÐÇ×ÇÓÏÇÐÕÂÕËÄÐÑÌ ÍÑÐÆÇÐÔÂÙËË PDA Ë
7,8-ÆËÅËÆÓÑÒÕÇÓËÐÂ ÒÑÎÖÚÂáÕÔâ ÆÓÑÊÑÒÕÇÓËÐ Ë ÇÅÑ àÐÂÐÕËÑ-
ÏÇÓ ËÊÑÆÓÑÊÑÒÕÇÓËÐ. °ÃÓÂÊÑÄÂÐËá ÂÖÓÑÆÓÑÊÑÒÕÇÓËÐÂ Ë
ËÊÑÂÖÓÑÆÓÑÊÑÒÕÇÓËÐÂ ÒÓÇÆÛÇÔÕÄÖÇÕ ÆÇÊÂÏËÐËÓÑÄÂÐËÇ
7,8-ÆËÅËÆÓÑÒÕÇÓËÐÂ. ±ÓÑÆÖÍÕ àÕÑÌ ÓÇÂÍÙËË ì 7,8-ÆËÅËÆÓÑ-
ÎáÏÂÊËÐ ì ÍÑÐÆÇÐÔËÓÖÇÕÔâ Ô PDA, ÆÂÄÂâ ÏËÐÑÓÐÞÇ ÒËÅ-
ÏÇÐÕÞ ÂÖÓÑÆÓÑÊÑÒÕÇÓËÐ Ë ËÊÑÂÖÓÑÆÓÑÊÑÒÕÇÓËÐ (ÔØÇÏÂ 17).

µÆËÄËÕÇÎßÐÑ, ÚÕÑ ÔÑÇÆËÐÇÐËâ 7 Ë 298a ë c Ô ÕÂÍÑÌ ÔÎÑÉÐÑÌ
ÔÕÓÖÍÕÖÓÑÌ ÏÑÅÖÕ ÃÞÕß ÒÑÎÖÚÇÐÞ ÍÑÐÆÇÐÔÂÙËÇÌ 7,8-ÆËÅËÆ-
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ÓÑÒÕÇÓËÐÑÄ 299 Ô 2-ÅËÆÓÑÍÔË-3-ÑÍÔÑÃÖÕÂÐÑÄÑÌ ÍËÔÎÑÕÑÌ Ä
ÜÇÎÑÚÐÑÌ ÔÓÇÆÇ.8, 154

³ÑÇÆËÐÇÐËÇ R1 R2 R3 £ÞØÑÆ, %

7 H H H 45
298a H Me H 5
298b Me H H 3.6
298c H Me Me 10

±ÓÇÆÒÑÎÂÅÂÇÏÞÌ ÏÇØÂÐËÊÏ àÕÑÅÑ ÒÓÇÄÓÂÜÇÐËâ ÒÑÍÂÊÂÐ
ÐÂ ÔØÇÏÇ 18.

³ËÐÕÇÊ ÂÖÓÑÆÓÑÊÑÒÕÇÓËÐÂ (8) ÑÔÖÜÇÔÕÄÎÇÐ ÍÑÐÆÇÐÔÂÙËÇÌ
2-ÂÏËÐÑ-6-ÂÙÇÕËÎ-3,7,8,9-ÕÇÕÓÂÅËÆÓÑ-4H-ÒËÓËÏËÆÑ[4,5-b]-1,4-
ÆËÂÊÇÒËÐ-4-ÑÐÂ Ë 7,8-ÆËÅËÆÓÑÎáÏÂÊËÐÂ ÒÓË pH 3 (Ä HCl).155

* * *

£ ÊÂÍÎáÚÇÐËÇ ÔÎÇÆÖÇÕ ÑÕÏÇÕËÕß, ÚÕÑ Ä ÒÑÔÎÇÆÐËÇ ÅÑÆÞ ËÊÖ-
ÚÇÐËÇ ØËÏËË ÒÕÇÓËÆËÐÑÄ ÄÔÇ ÔËÎßÐÇÇ ÒÇÓÇÒÎÇÕÂÇÕÔâ Ô ËÔÔÎÇ-

ÆÑÄÂÐËâÏË ËØ ÃËÑØËÏËË, ×ÂÓÏÂÍÑÎÑÅËË Ë ÒÓËÏÇÐÇÐËâ Ä
ÏÇÆËÙËÐÇ. ²ÂÊÄËÕËÇ ÔËÐÕÇÕËÚÇÔÍËØ ÒÑÆØÑÆÑÄ Í ÅÇÕÇÓÑÍÑÐÆÇÐ-
ÔËÓÑÄÂÐÐÞÏ ÒÕÇÓËÆËÐÂÏ ÔÑÊÆÂÇÕ ØÑÓÑÛËÇ ÒÓÇÆÒÑÔÞÎÍË ÆÎâ
ÒÑËÔÍÂ ÒÖÕÇÌ ËØ ÒÓÂÍÕËÚÇÔÍÑÅÑ ËÔÒÑÎßÊÑÄÂÐËâ, Ä ÕÑÏ ÚËÔÎÇ Ä
ÏÇÆËÙËÐÔÍÑÌ ØËÏËË.

°ÃÊÑÓ ÒÑÆÅÑÕÑÄÎÇÐ ÒÓË ÚÂÔÕËÚÐÑÌ ×ËÐÂÐÔÑÄÑÌ ÒÑÆ-
ÆÇÓÉÍÇ ²ÑÔÔËÌÔÍÑÅÑ ×ÑÐÆÂ ×ÖÐÆÂÏÇÐÕÂÎßÐÞØ ËÔÔÎÇÆÑÄÂÐËÌ
(ÒÓÑÇÍÕ 11-03-00079-Â).
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The known methods for the synthesis of pteridines fused to other heterocycles including natural
compounds are considered. The presented data are systematized according to the type of the fused ring.
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