
I. £ÄÇÆÇÐËÇ
ªÊÖÚÇÐËÇ ×ÇÓÑÏÑÐÑÄ ÒÑÔÕÂÄËÎÑ ÒÇÓÇÆ ØËÏËÍÂÏË ÏÐÑÅÑ
ËÐÕÇÓÇÔÐÞØ ÔËÐÕÇÕËÚÇÔÍËØ ÒÓÑÃÎÇÏ, ÓÇÛÇÐËÇ ÍÑÕÑÓÞØ ÑÃÑ-
ÅÂÕËÎÑ ÂÓÔÇÐÂÎ ÏÇÕÑÆÑÄ ÔÑÄÓÇÏÇÐÐÑÅÑ ÑÓÅÂÐËÚÇÔÍÑÅÑ ÔËÐ-
ÕÇÊÂ. °ÆÐÂ ËÊ ÐËØ ÔÄâÊÂÐÂ Ô ËÊÖÚÇÐËÇÏ ÄÎËâÐËâ ÂÃÔÑÎáÕÐÑÌ
ÍÑÐ×ËÅÖÓÂÙËË ØËÓÂÎßÐÞØ ÏÑÎÇÍÖÎ ÐÂ ÃËÑÎÑÅËÚÇÔÍÖá ÂÍÕËÄ-
ÐÑÔÕß, ÕÂÍ ÍÂÍ Ö ÏÐÑÅËØ ÄËÆÑÄ ÐÂÔÇÍÑÏÞØ ØËÏËÚÇÔÍÂâ ÍÑÏÏÖ-
ÐËÍÂÙËâ ÑÔÖÜÇÔÕÄÎâÇÕÔâ Ô ÒÑÏÑÜßá ÑÒÕËÚÇÔÍË ÂÍÕËÄÐÞØ
ÔÑÇÆËÐÇÐËÌ. ¬ ÐÂÔÕÑâÜÇÏÖ ÄÓÇÏÇÐË ËÊÄÇÔÕÐÑ ÔÄÞÛÇ 100
ØËÓÂÎßÐÞØ ×ÇÓÑÏÑÐÑÄ ÐÂÔÇÍÑÏÞØ. ±ÑÔÍÑÎßÍÖ ÍÑÎËÚÇÔÕÄÑ
×ÇÓÑÏÑÐÂ, ÒÓÑÆÖÙËÓÖÇÏÑÅÑ ÍÂÉÆÑÌ ÑÕÆÇÎßÐÑÌ ÑÔÑÃßá, ÐËÚ-
ÕÑÉÐÑ ÏÂÎÑ, ÕÑ ÐÂÍÑÒÎÇÐËÇ, ÄÞÆÇÎÇÐËÇ Ë ÑÚËÔÕÍÂ ËÐÆËÄËÆÖÂ-
ÎßÐÑÅÑ ÒÓËÓÑÆÐÑÅÑ ÄÇÜÇÔÕÄÂ âÄÎâÇÕÔâ ÑÚÇÐß ÕÓÖÆÑÇÏÍÑÌ
ÊÂÆÂÚÇÌ.1 £ÔÎÇÆÔÕÄËÇ àÕÑÅÑ ÆÎâ ÖÔÕÂÐÑÄÎÇÐËâ ÂÃÔÑÎáÕÐÑÌ
ÍÑÐ×ËÅÖÓÂÙËË ØËÓÂÎßÐÞØ ×ÇÓÑÏÑÐÑÄ ËÔÒÑÎßÊÖÇÕÔâ ÐÇ
ÔÕÑÎßÍÑ ØËÏËÚÇÔÍÂâ ÆÇÅÓÂÆÂÙËâ ÕÓÖÆÐÑÆÑÔÕÖÒÐÑÅÑ ÒÓËÓÑÆ-

ÐÑÅÑ ÏÂÕÇÓËÂÎÂ (Ä ÔÑÚÇÕÂÐËË Ô ÍÑÏÒÎÇÍÔÑÏ ×ËÊËÍÑ-ØËÏËÚÇÔ-
ÍËØ ÏÇÕÑÆÑÄ), ÔÍÑÎßÍÑ ÔÕÇÓÇÑÍÑÐÕÓÑÎËÓÖÇÏÞÌ ÄÔÕÓÇÚÐÞÌ
ÔËÐÕÇÊ àÐÂÐÕËÑÏÇÓÐÑ ÚËÔÕÞØ ÔÑÇÆËÐÇÐËÌ. ¬ÂÍ ÒÓÂÄËÎÑ, ÆÎâ
ÄÞâÔÐÇÐËâ ÂÃÔÑÎáÕÐÑÌ ÍÑÐ×ËÅÖÓÂÙËË ÒÓËÓÑÆÐÑÅÑ ×ÇÓÑÏÑÐÂ
ÐÇÑÃØÑÆËÏÑ ÔËÐÕÇÊËÓÑÄÂÕß Ä àÐÂÐÕËÑÏÇÓÐÑ ÚËÔÕÑÌ ×ÑÓÏÇ ÄÔÇ
ÄÑÊÏÑÉÐÞÇ ÆÎâ ÐÇÅÑ ÒÓÑÔÕÓÂÐÔÕÄÇÐÐÞÇ ËÊÑÏÇÓÞ Ë ËÔÒÞÕÂÕß
ÃËÑÎÑÅËÚÇÔÍÖá ÂÍÕËÄÐÑÔÕß ÍÂÉÆÑÅÑ ËÊ ÐËØ Ä ÑÕÆÇÎßÐÑÔÕË.

ªÊÖÚÇÐËÇ ÑÕÄÇÕÐÑÌ ÓÇÂÍÙËË ÐÂÔÇÍÑÏÞØ ÐÂ ÍÂÉÆÞÌ ËÊ
ÄÑÊÏÑÉÐÞØ ÔÕÇÓÇÑËÊÑÏÇÓÑÄ ËÎË ËØ ÔÏÇÔß ÒÑÍÂÊÂÎÑ, ÚÕÑ
à××ÇÍÕËÄÐÑÔÕß ÒÓËÄÎÇÚÇÐËâ ÏÐÑÅËØ ÄËÆÑÄ ÒÑÄÞÛÂÇÕÔâ Ä
2 ë 1000 ÓÂÊ, ÇÔÎË ÄÏÇÔÕÑ ÓÂÙÇÏÂÕÂ ËÔÒÑÎßÊÖÇÕÔâ àÐÂÐÕËÑÏÇÓ
Ô ÂÃÔÑÎáÕÐÑÌ ÍÑÐ×ËÅÖÓÂÙËÇÌ ÒÓËÓÑÆÐÑÅÑ ×ÇÓÑÏÑÐÂ ËÎË
ÔËÐÇÓÅËÚÇÔÍÂâ ÔÏÇÔß àÐÂÐÕËÑÏÇÓÑÄ. °ÚÇÄËÆÐÑ, ÚÕÑ ÒÓËÏÇÐÇ-
ÐËÇ àÐÂÐÕËÑÏÇÓÐÑ ÚËÔÕÞØ ËÎË àÐÂÐÕËÑÏÇÓÐÑ ÑÃÑÅÂÜÇÐÐÞØ
×ÇÓÑÏÑÐÑÄ ÒÑÊÄÑÎâÇÕ ÔÖÜÇÔÕÄÇÐÐÑ ÔÑÍÓÂÕËÕß ÐÑÓÏÞÓÂÔØÑÆÂ
Ë ÑÃÝÇÏ ÒÓÑËÊÄÑÆÔÕÄÂ. °ÆÐÂÍÑ ÆÎâ ÕÑÅÑ, ÚÕÑÃÞ ÒÓËÏÇÐÇÐËÇ
ÕÂÍËØ ÑÒÕËÚÇÔÍË ÂÍÕËÄÐÞØ ÐËÊÍÑÏÑÎÇÍÖÎâÓÐÞØ ÃËÑÓÇÅÖÎâÕÑ-
ÓÑÄ ÃÞÎÑ àÍÑÐÑÏËÚÇÔÍË ÙÇÎÇÔÑÑÃÓÂÊÐÑ, ÐÇÑÃØÑÆËÏÑ ËÔÒÑÎß-
ÊÑÄÂÕß ÆÑÔÕÖÒÐÞÇ Ë ÆÇÛÇÄÞÇ ËÔØÑÆÐÞÇ ÔÑÇÆËÐÇÐËâ Ë ÒÓÑÔÕÞÇ,
ÒÓÇÒÂÓÂÕËÄÐÑ ÖÆÑÃÐÞÇ ÔØÇÏÞ ÔËÐÕÇÊÂ.

ªÊÄÇÔÕÐÞÇ ÔÇÅÑÆÐâ ØËÓÂÎßÐÞÇ ×ÇÓÑÏÑÐÞ ÐÂÔÇÍÑÏÞØ
ÒÓÇÆÔÕÂÄÎâáÕ ÔÑÃÑÌ ÔÓÂÄÐËÕÇÎßÐÑ ÒÓÑÔÕÞÇ ÏÑÎÇÍÖÎÞ (ÐÇ
ÃÑÎÇÇ ÚÇÕÞÓÇØ ÂÔËÏÏÇÕÓËÚÇÔÍËØ ÙÇÐÕÓÑÄ Ë ÐÇ ÃÑÎÇÇ ÚÇÕÞÓÇØ
×ÖÐÍÙËÑÐÂÎßÐÞØ ÅÓÖÒÒ). ³ÕÓÖÍÕÖÓÐÞÇ ×ÓÂÅÏÇÐÕÞ Ä ÐËØ
ËÐÑÅÆÂ ÃÞÄÂáÕ ÔÄÑÇÑÃÓÂÊÐÞ, ÐÑ ÕÂÍÑÇ ÔÍÑÒÎÇÐËÇ ØËÓÂÎßÐÞØ
ÙÇÐÕÓÑÄ Ë ×ÖÐÍÙËÑÐÂÎßÐÞØ ÅÓÖÒÒ, ÍÂÍÑÇ ÄÔÕÓÇÚÂÇÕÔâ Ä ÏÑÎÇ-
ÍÖÎÂØ ÖÅÎÇÄÑÆÑÄ, ÒÓÑÔÕÂÐÑËÆÑÄ Ë ÏÂÍÓÑÎËÆÐÞØ ÂÐÕËÃËÑÕË-
ÍÑÄ, ÆÎâ ×ÇÓÑÏÑÐÑÄ ÐÇ ÕËÒËÚÐÑ. ±ÑàÕÑÏÖ ÆÎâ ÃÑÎßÛËÐÔÕÄÂ
ÔËÐÕÇÊÑÄ ÕÂÍËØ ÃËÑÓÇÅÖÎâÕÑÓÑÄ ÐÂÔÇÍÑÏÞØ äËÆÇÂÎßÐÞÌã
ØËÓÂÎßÐÞÌ ÔÕÓÑËÕÇÎßÐÞÌ ÃÎÑÍ (·³¢) ÒÓÇÆÔÕÂÄÎâÇÕÔâ Ä ÄËÆÇ
ÖÏÇÓÇÐÐÑ ×ÖÐÍÙËÑÐÂÎËÊÑÄÂÐÐÑÅÑ ÔÑÇÆËÐÇÐËâ ÃÇÊ ÑÃËÎËâ
ØËÓÂÎßÐÞØ ÙÇÐÕÓÑÄ. ¢ÎËÉÇ ÄÔÇÅÑ Í àÕÑÏÖ ËÆÇÂÎÖ ÏÑÐÑ-
ÕÇÓÒÇÐÑËÆÞ, ÂÏËÐÑÍËÔÎÑÕÞ Ë ÑÍÔËÍËÔÎÑÕÞ. ±ÇÓÄÞÇ ÑÔÑ-
ÃÇÐÐÑ ÖÆÑÃÐÞ ÆÎâ ÔËÐÕÇÊÂ ÔÑÇÆËÐÇÐËÌ Ô ÓÂÊÄÇÕÄÎÇÐÐÞÏ
ÖÅÎÇÓÑÆÐÞÏ ÔÍÇÎÇÕÑÏ, ÒÓÇÉÆÇ ÄÔÇÅÑ, ×ÇÓÑÏÑÐÑÄ ËÊÑÒÓÇ-
ÐÑËÆÐÑÅÑ ÒÑËÔØÑÉÆÇÐËâ. ¡ÔÔÑÓÕËÏÇÐÕ ØËÓÂÎßÐÞØ ÕÇÓÒÇ-

¤.À.ªÛÏÖÓÂÕÑÄ. ¥ÑÍÕÑÓ ØËÏËÚÇÔÍËØ ÐÂÖÍ, ÊÂÄÇÆÖáÜËÌ ÎÂÃÑÓÂÕÑ-
ÓËÇÌ ÃËÑÓÇÅÖÎâÕÑÓÑÄ ÐÂÔÇÍÑÏÞØ ª°· µ¯¸ ²¡¯.
´ÇÎÇ×ÑÐ (347 ë 2)35 ë 5560, ×ÂÍÔ (347 ë 2)35 ë 6066.
°ÃÎÂÔÕß ÐÂÖÚÐÞØ ËÐÕÇÓÇÔÑÄ: ÔËÐÕÇÊ ÐËÊÍÑÏÑÎÇÍÖÎâÓÐÞØ ÃËÑÓÇÅÖÎâ-
ÕÑÓÑÄ ÐÂÔÇÍÑÏÞØ, ÑÊÑÐÑÎËÊ ÑÎÇ×ËÐÑÄ.
®.±.ÁÍÑÄÎÇÄÂ. ¬ÂÐÆËÆÂÕ ØËÏËÚÇÔÍËØ ÐÂÖÍ, ÐÂÖÚÐÞÌ ÔÑÕÓÖÆÐËÍ ÕÑÅÑ
ÉÇ ËÐÔÕËÕÖÕÂ.
°ÃÎÂÔÕß ÐÂÖÚÐÞØ ËÐÕÇÓÇÔÑÄ: ÔËÐÕÇÊ ×ÇÓÑÏÑÐÑÄ ÐÂÔÇÍÑÏÞØ.
².Á.·ÂÓËÔÑÄ. ¬ÂÐÆËÆÂÕ ØËÏËÚÇÔÍËØ ÐÂÖÍ, ÔÕÂÓÛËÌ ÐÂÖÚÐÞÌ ÔÑÕÓÖÆ-
ÐËÍ ÕÑÅÑ ÉÇ ËÐÔÕËÕÖÕÂ.
°ÃÎÂÔÕß ÐÂÖÚÐÞØ ËÐÕÇÓÇÔÑÄ: ÔËÐÕÇÊ ÐËÊÍÑÏÑÎÇÍÖÎâÓÐÞØ ÃËÑÓÇÅÖÎâ-
ÕÑÓÑÄ ÐÂÔÇÍÑÏÞØ.
¤.¡.´ÑÎÔÕËÍÑÄ. ¡ÍÂÆÇÏËÍ ²¡¯, ÅÎÂÄÐÞÌ ÐÂÖÚÐÞÌ ÔÑÕÓÖÆÐËÍ ¯ª°·
³° ²¡¯. ´ÇÎÇ×ÑÐ (383 ë 2)35 ë 1646.
°ÃÎÂÔÕß ÐÂÖÚÐÞØ ËÐÕÇÓÇÔÑÄ: ØËÏËâ ÒÓËÓÑÆÐÞØ ÔÑÇÆËÐÇÐËÌ, ÕÑÐÍËÌ
ÑÓÅÂÐËÚÇÔÍËÌ ÔËÐÕÇÊ ÃËÑÎÑÅËÚÇÔÍË ÂÍÕËÄÐÞØ ÄÇÜÇÔÕÄ, ÏÇÕÂÎÎÑ-
ÍÑÏÒÎÇÍÔÐÞÌ ÍÂÕÂÎËÊ Ä ÑÓÅÂÐËÚÇÔÍÑÌ ØËÏËË.

¥ÂÕÂ ÒÑÔÕÖÒÎÇÐËâ 18 ÏÂÓÕÂ 1997 Å.

µ¥¬ 547.3+632.936.2

®ÑÐÑÕÇÓÒÇÐÑËÆÞ Ä ÔËÐÕÇÊÇ ÑÒÕËÚÇÔÍË ÂÍÕËÄÐÞØ ×ÇÓÑÏÑÐÑÄ
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ªÐÔÕËÕÖÕ ÑÓÅÂÐËÚÇÔÍÑÌ ØËÏËË µ×ËÏÔÍÑÅÑ ÐÂÖÚÐÑÅÑ ÙÇÐÕÓÂ ²ÑÔÔËÌÔÍÑÌ ÂÍÂÆÇÏËË ÐÂÖÍ
450054 µ×Â, ÒÓÑÔÒ. °ÍÕâÃÓâ, 71, ×ÂÍÔ (347 ë 2)35 ë 6066
¯ÑÄÑÔËÃËÓÔÍËÌ ËÐÔÕËÕÖÕ ÑÓÅÂÐËÚÇÔÍÑÌ ØËÏËË ³ËÃËÓÔÍÑÅÑ ÑÕÆÇÎÇÐËâ ²ÑÔÔËÌÔÍÑÌ ÂÍÂÆÇÏËË ÐÂÖÍ
630090 ¯ÑÄÑÔËÃËÓÔÍ, ÒÓÑÔÒ. ÂÍÂÆ. ­ÂÄÓÇÐÕßÇÄÂ, 9, ×ÂÍÔ (383 ë 3)35 ë 4752

£ ÑÃÊÑÓÇ ÑÃÑÃÜÇÐÞ ÆÂÐÐÞÇ ÒÑ ËÔÒÑÎßÊÑÄÂÐËá ÙËÍÎËÚÇÔÍËØ Ë ÂÙËÍÎËÚÇÔÍËØ ÏÑÐÑÕÇÓÒÇÐÑËÆÑÄ Ä ÔËÐÕÇÊÇ ÑÒÕËÚÇÔÍË
ÂÍÕËÄÐÞØ ×ÇÓÑÏÑÐÑÄ ÐÂÔÇÍÑÏÞØ.
¢ËÃÎËÑÅÓÂ×Ëâ ì 99 ÔÔÞÎÑÍ.
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ÐÑËÆÑÄ ÆÑÄÑÎßÐÑ ÛËÓÑÍ. £ÔÇ ÑÐË âÄÎâáÕÔâ ÕÇØÐËÚÇÔÍËÏË
ÒÓÑÆÖÍÕÂÏË ÎÇÔÑØËÏËÚÇÔÍÑÌ, ØËÏËÍÑ-ÒÂÓ×áÏÇÓÐÑÌ, ÒËÜÇ-
ÄÑÌ Ë ×ÂÓÏÂÙÇÄÕËÚÇÔÍÑÌ ÒÓÑÏÞÛÎÇÐÐÑÔÕË.

£ ÆÂÐÐÑÏ ÑÃÊÑÓÇ ÃÖÆÖÕ ÓÂÔÔÏÑÕÓÇÐÞ ÔËÐÕÇÕËÚÇÔÍËÇ ÄÑÊ-
ÏÑÉÐÑÔÕË ÏÑÐÑÕÇÓÒÇÐÑËÆÑÄ Ë ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ËÏ ·³¢ ÐÂ
ÍÑÐÍÓÇÕÐÞØ ÒÓËÏÇÓÂØ ÔËÐÕÇÊÂ ÑÒÕËÚÇÔÍË ÚËÔÕÞØ Ë àÐÂÐÕËÑ-
ÏÇÓÐÑ ÑÃÑÅÂÜÇÐÐÞØ ×ÇÓÑÏÑÐÑÄ ÐÂÔÇÍÑÏÞØ.

II. ³ËÐÕÇÊÞ ÐÂ ÑÔÐÑÄÇ (RR)-ÒÖÎÇÅÑÐÂ
ªÊ (R)-ÒÖÎÇÅÑÐÂ (1) ÏÑÉÐÑ ÒÓÑÔÕÞÏË ÒÓÇÄÓÂÜÇÐËâÏË ÔËÐÕÇ-
ÊËÓÑÄÂÕß ÐÇÔÍÑÎßÍÑ ØËÓÂÎßÐÞØ ÔÕÓÑËÕÇÎßÐÞØ ÃÎÑÍÑÄ. ´ÂÍ,
ÒÓË ÆÄÖØÔÕÂÆËÌÐÑÌ ÓÇÕÓÑÙËÍÎËÊÂÙËË ÒÖÎÇÅÑÐÂ ÑÃÓÂÊÖÇÕÔâ
ÙËÕÓÑÐÇÎÎÑÄÂâ ÍËÔÎÑÕÂ (2). ±ÑÔÎÇÆÐáá ÏÑÉÐÑ ÒÓÇÄÓÂÕËÕß
Ä ÏÇÕËÎÑÄÞÌ à×ËÓ (3) Ë ÄÑÔÔÕÂÐÑÄËÕß ÆËËÊÑÃÖÕËÎÂÎáÏËÐËÌ-
ÅËÆÓËÆÑÏ (¥ª¢¡¤) ÆÑ ÙËÕÓÑÐÇÎÎÑÎÂ (4). °Ð ÏÑÉÇÕ ÃÞÕß
ÕÂÍÉÇ ÒÑÎÖÚÇÐ ÐÇÒÑÔÓÇÆÔÕÄÇÐÐÑ ËÊ ÍËÔÎÑÕÞ 2 ÄÑÔÔÕÂÐÑÄÎÇ-
ÐËÇÏ LiAlH4 . ³ÒËÓÕ 4 ÎÇÅÍÑ ÕÓÂÐÔ×ÑÓÏËÓÖÇÕÔâ Ä ÙËÕÓÑÐÇÎ-
ÎÂÎß (5) ËÎË ÙËÕÓÑÐÇÎÎËÎÂÙÇÕÂÕ (6).2

£ ÓÂÃÑÕÇ 3 ÒÓÇÆÎÑÉÇÐÂ ÔØÇÏÂ ÔËÐÕÇÊÂ ÑÃÑËØ àÐÂÐÕËÑÏÇÓÑÄ
15-ÏÇÕËÎÕÓËÕÓËÂÍÑÐÕÂÐÂ (9) ì ×ÇÓÑÏÑÐÂ ÉËÅÂÎÍË ÑÔÇÐÐÇÌ
(Stomoxys calcitrans) ÐÂ ÑÔÐÑÄÇ ÑÍÔÑà×ËÓÂ 7a ì ÒÓÑÆÖÍÕÂ
ÑÊÑÐÑÎËÊÂ-ÄÑÔÔÕÂÐÑÄÎÇÐËâ ÏÇÕËÎÙËÕÓÑÐÇÎÎÂÕÂ 3. ¥Îâ ÒÑÎÖ-
ÚÇÐËâ àÐÂÐÕËÑÏÇÓÂ (R)-9 ÃÞÎÂ ËÔÒÑÎßÊÑÄÂÐÂ ÔÎÇÆÖáÜÂâ
ÔØÇÏÂ. ¯Â ÒÇÓÄÑÌ ÔÕÂÆËË ÒÓÑÄÑÆâÕ ÓÇÂÍÙËá ÔÑÇÆËÐÇÐËâ 7a Ô

³11-×ÑÔ×ÑÓÂÐÑÏ, ÊÂÕÇÏ ÒÓÑÆÖÍÕ ÓÇÂÍÙËË Ä ÆÄÇ ÔÕÂÆËË ÒÓÇ-
ÄÓÂÜÂáÕ Ä ÂÎßÆÇÅËÆ 8, ÍÑÕÑÓÞÌ ÄÊÂËÏÑÆÇÌÔÕÄÖÇÕ Ô ÆÓÖÅËÏ
×ÑÔ×ÑÓÂÐÑÏ Ô ÑÃÓÂÊÑÄÂÐËÇÏ ÒÑÔÎÇ ÅËÆÓËÓÑÄÂÐËâ (R)-9.

£ ÂÐÂÎÑÅËÚÐÑÏ ÔËÐÕÇÊÇ (S )-9 ÃÞÎË ËÔÒÑÎßÊÑÄÂÐÞ ³15- Ë
³12-ÕÓË×ÇÐËÎ×ÑÔ×ÑÓÂÐÞ.3

¯Â ÑÔÐÑÄÇ ÂÎßÆÇÅËÆÑà×ËÓÂ 7a Ë (R)-4-ÏÇÕËÎ-5-ÂÙÇÕÑÍÔË-
ÒÇÐÕÂÐÑÄÑÌ ÍËÔÎÑÕÞ (10) ÒÓÇÆÎÑÉÇÐÞ ÒÖÕË ÔËÐÕÇÊÂ ÆÄÖØ
ÆËÂÔÕÇÓÇÑÏÇÓÑÄ 2-ÂÙÇÕÑÍÔË-3,7-ÆËÏÇÕËÎÒÇÐÕÂÆÇÍÂÐÂ (17),
âÄÎâáÜËØÔâ ÂÐÂÎÑÅÂÏË ÆËÒÓËÑÐËÎÂÙÇÕÂÕÂ ì ÒÑÎÑÄÑÅÑ
×ÇÓÑÏÑÐÂ ØÄÑÌÐÞØ ÒËÎËÎßÜËÍÑÄ ÓÑÆÑÄ Diprion Ë Neodiprion.
·ËÓÂÎßÐÞÌ C(7)-ÙÇÐÕÓ ÙÇÎÇÄÑÌ ÏÑÎÇÍÖÎÞ (R)-ÍÑÐ×ËÅÖÓÂÙËË
ÄÄÇÆÇÐ ÒÓË ÒÑÏÑÜË ÔÕÓÑËÕÇÎßÐÑÅÑ ÃÎÑÍÂ 7a (ÔØÇÏÂ 1). ¥ÓÖ-
ÅÑÌ ·³¢ ì 11 ì ÒÑÔÎÇ ÇÅÑ ÕÓÂÐÔ×ÑÓÏÂÙËË Ä ×ÑÔ×ÑÐËÇÄÖá
ÔÑÎß 12 ÒÓËÏÇÐÇÐ ÒÓË ÒÑÔÕÓÑÇÐËË ÂÔËÏÏÇÕÓËÚÇÔÍÑÅÑ ÙÇÐÕÓÂ
ÒÓË ³(3). ·ËÓÂÎßÐÞÌ ³(2)-ÙÇÐÕÓ ×ÑÓÏËÓÖÇÕÔâ ÒÓË ÄÑÔÔÕÂ-
ÐÑÄÎÇÐËË ÍÇÕÑÐÂ 16, ÔÑÑÕÄÇÕÔÕÄÖáÜÇÅÑ ÙÇÎÇÄÑÌ ÔÕÓÖÍÕÖÓÇ.
´ÂÍËÏ ÑÃÓÂÊÑÏ, ÔËÐÕÇÊ ÔÑÇÆËÐÇÐËâ 17 ÑÔÖÜÇÔÕÄÎÇÐ Ä ÆÄÂ
àÕÂÒÂ. ¯Â ÒÇÓÄÑÏ àÕÂÒÇ ÑÎÇ×ËÐËÓÑÄÂÐËÇÏ 7Â ÒÑÎÖÚÇÐ
Z-ÂÎÍÇÐ 13, ÒÓÇÄÓÂÜÇÐÐÞÌ Ä ÆÄÇ ÔÕÂÆËË Ä ÂÎßÆÇÅËÆ 14.4, 5

£ÕÑÓÑÌ àÕÂÒ ÔËÐÕÇÊÂ ÄÍÎáÚÂÇÕ ÄÊÂËÏÑÆÇÌÔÕÄËÇ ÒÑÔÎÇÆÐÇÅÑ Ô
×ÑÔ×ÑÓÂÐÑÏ, ÒÓËÅÑÕÑÄÎÇÐÐÞÏ ËÊ ÔÑÎË (R)-12, Ë ÒÑÔÎÇÆÖá-
ÜËÇ ÔÇÎÇÍÕËÄÐÞÇ ÕÓÂÐÔ×ÑÓÏÂÙËË ÕÓËÇÐÂ 15: ÑÍËÔÎÇÐËÇ ÍÑÐ-
ÙÇÄÑÌ ÆÄÑÌÐÑÌ ÔÄâÊË Ë ÅËÆÓËÆÐÑÇ ÄÑÔÔÕÂÐÑÄÎÇÐËÇ
ÑÃÓÂÊÖáÜÇÅÑÔâ ÏÇÕËÎÍÇÕÑÐÂ 16 Ä ÔÏÇÔß ÆËÂÔÕÇÓÇÑÏÇÓÑÄ Ô
ÒÓÇËÏÖÜÇÔÕÄÇÐÐÞÏ ÔÑÆÇÓÉÂÐËÇÏ ÕÓÇÑ-ËÊÑÏÇÓÂ. °ÐË ÃÞÎË
ÓÂÊÆÇÎÇÐÞ ÄÞÔÑÍÑà××ÇÍÕËÄÐÑÌ ÉËÆÍÑÔÕÐÑÌ ØÓÑÏÂÕÑÅÓÂ×ËÇÌ
(high pressure liquid chromatography, HPLC).

³ËÐÕÇÊ ÕÓÇØ ÆËÂÔÕÇÓÇÑÏÇÓÑÄ ÆËÒÓËÑÐËÎÂÙÇÕÂÕÂ 17 Ô ËÔ-
ÒÑÎßÊÑÄÂÐËÇÏ ÂÎßÆÇÅËÆÑà×ËÓÂ 7b ÃÂÊËÓÖÇÕÔâ ÐÂ ÔÑÚÇÕÂÐËË
³12- Ë ³5-ÔËÐÕÇÕËÚÇÔÍËØ ÃÎÑÍÑÄ 18 Ë 24 ÔÑÑÕÄÇÕÔÕÄÖáÜÇÌ
ÍÑÐ×ËÅÖÓÂÙËË.6 ¬ÎáÚÇÄÂâ ÔÕÂÆËâ Ä ÔØÇÏÇ ÒÑÎÖÚÇÐËâ
³12-ÃÎÑÍÂ (R)-ÍÑÐ×ËÅÖÓÂÙËË ì ÍÑÐÆÇÐÔÂÙËâ ÂÎßÆÇÅËÆÂ 7b Ô
ÒÇÐÕËÎËÆÇÐ×ÑÔ×ÑÓÂÐÑÏ, ÒÓËÄÑÆâÜÂâ Í à×ËÓÖ 13Â. ¦ÅÑ ÑÒÕË-
ÚÇÔÍËÌ ÂÐÕËÒÑÆ (S )-18 ÔËÐÕÇÊËÓÑÄÂÐ ÚÇÓÇÊ ÔÕÂÆËË ÂÎÍËÎËÓÑ-
ÄÂÐËâ (R)-ÙËÕÓÑÐÇÎÎËÎÕÑÊËÎÂÕÂ (19), ÑÊÑÐÑÎËÊÂ ÒÑÎÖÚÇÐÐÑÅÑ

O

1

a, b

70 ë 80%

CO2H

2

CO2Me

3

c

d e

OH

4

f g

O

5

OAc

6

²ÇÂÅÇÐÕÞ: a) HCl; b) NaOH; c) MeOH/TsOH; d ) LiAlH4;

e) Bui2AlH; f ) Py .CrO3
.HCl (PCC); g) Ac2O/Py.

(S)-9

Me(CH2)17 (CH2)13Me

Me(CH2)13
(CH2)10Me

Me(CH2)13
O

7a

d

70%

e

100%

²ÇÂÅÇÐÕÞ: a) Me(CH2)13CH=PPh3; b) LiAlH4; c) PCC;

d ) Me(CH2)10CH=PPh3; e) H2/Pd/C.

b, c

82%
CO2MeMe(CH2)13

a

98%

3
a, b

O CO2Me

7a

c

92%

CO2MeMe(CH2)9
d, e

82%

Me(CH2)9
O

8

f

82%

²ÇÂÅÇÐÕÞ: a) O3/MeOH; b) Me2S; c) Me(CH2)9CH=PPh3;

d ) LiAlH4; e) PCC; f ) Me(CH2)14CH=PPh3; g) H2/Pd/C .

Me(CH2)9
(CH2)14Me

Me(CH2)13 (CH2)17Me

(R)-9

g

95%
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ÕÂÍËÏ ÑÃÓÂÊÑÏ ÂÎÍÇÐÂ 20 Ä ÍËÔÎÑÕÖ 21 Ë ÇÇ ÒÓÇÄÓÂÜÇÐËË Ä
ÃÓÑÏËÆ Ä ÓÇÊÖÎßÕÂÕÇ ÓÇÂÍÙËË ·ÖÐÔÆËÍÍÇÓÂ.

³ËÐÕÇÊ ³5-ÃÎÑÍÑÄ 24 Ô ÆÄÖÏâ ØËÓÂÎßÐÞÏË ÙÇÐÕÓÂÏË
ÒÓÑÄÇÆÇÐ Ô ÒÑÏÑÜßá ÆËÂÔÕÇÓÇÑÔÇÎÇÍÕËÄÐÑÅÑ ÂÔËÏÏÇÕÓËÚÇÔ-
ÍÑÅÑ ÄÑÔÔÕÂÐÑÄÎÇÐËâ ÏÇÕËÎÑÄÑÅÑ à×ËÓÂ 2-ÏÇÕËÎ-3-ÑÍÔÑÏÂÔ-
ÎâÐÑÌ ÍËÔÎÑÕÞ (22) Ë ÒÑÔÎÇÆÖáÜÇÌ ÆÓÑÃÐÑÌ ÍÓËÔÕÂÎÎËÊÂÙËË

ÔÐÂÚÂÎÂ ÐÂÕÓËÇÄÞØ, Â ÊÂÕÇÏ ÂÏÏÑÐËÌÐÞØ ÔÑÎÇÌ. £ ÓÇÊÖÎßÕÂÕÇ
ÕÂÍÑÌ ÆÑÔÕÂÕÑÚÐÑ ÕÓÖÆÑÇÏÍÑÌ ÑÒÇÓÂÙËË ÒÑÎÖÚÇÐÞ ÑÍÔËÍËÔ-
ÎÑÕÞ (2R,3S )-23 Ë (2S,3S )-23, ÍÑÕÑÓÞÇ ÊÂÕÇÏ ÃÞÎË Ä ÚÇÕÞÓÇ
ÔÕÂÆËË ÒÓÇÄÓÂÜÇÐÞ Ä ÊÂÜËÜÇÐÐÞÇ ÆËÑÎÞ (2S,3S )-24 Ë
(2R,3S )-24, ÐÇÑÃØÑÆËÏÞÇ ÆÎâ ÔËÐÕÇÊÂ ÙÇÎÇÄÞØ ÒÓÑÆÖÍÕÑÄ.

´ÓË ÑÒÕËÚÇÔÍË ÚËÔÕÞØ ÆËÂÔÕÇÓÇÑÏÇÓÂ ÆËÒÓËÑÐËÎÂÙÇÕÂÕÂ
17 ÃÞÎË ÒÑÎÖÚÇÐÞ ÒÑ ÓÇÂÍÙËË ÕËÒÂ £áÓÙÂ ÍÑÏÃËÐÂÙËÇÌ
ÔÕÇÓÇÑËÊÑÏÇÓÑÄ ³5- (24) Ë ³12- (18) ÃÎÑÍÑÄ (ÔØÇÏÂ 2).

¥ÓÖÅÑÌ ÒÓÑÆÖÍÕ, ÒÑÎÖÚÇÐÐÞÌ ÒÖÕÇÏ ÑÊÑÐÑÎËÊÂ-ÄÑÔÔÕÂ-
ÐÑÄÎÇÐËâ ÏÇÕËÎÙËÕÓÑÐÇÎÎÑÂÕÂ (3) ì ÆËÏÇÕËÎÂÙÇÕÂÎß 25 ì
ËÔÒÑÎßÊÑÄÂÐ Ä ÔËÐÕÇÊÇ (4S,8R)- Ë (4S,8S )-4,8-ÆËÏÇÕËÎÆÇÍÂÐÂ-
ÎÇÌ (29), ÒÓÑâÄÎâáÜËØ ÂÕÕÓÂÍÕÂÐÕÐÖá ÂÍÕËÄÐÑÔÕß Í ÏÂÎÑÏÖ
(Tribolium confusum) Ë ÃÖÎÂÄÑÖÔÑÏÖ (T. castaneum) ÏÖÚÐÞÏ
ØÓÖÜÂÍÂÏ. ªÔØÑÆÐÞÌ ÂÙÇÕÂÎß 25 ÔÕÂÐÆÂÓÕÐÞÏË ÑÒÇÓÂÙËâÏË
ÒÓÇÄÓÂÜÇÐ Ä ÔÖÎß×ÑÐ 26, ÐÇÑÃØÑÆËÏÞÌ ÆÎâ ÒÑÔÕÓÑÇÐËâ
(4S )-ØËÓÂÎßÐÑÅÑ ÙÇÐÕÓÂ ÏÑÎÇÍÖÎÞ ×ÇÓÑÏÑÐÂ 29. ¥Îâ ×ÑÓÏË-
ÓÑÄÂÐËâ (8R)- Ë (8S )-ØËÓÂÎßÐÞØ ÙÇÐÕÓÑÄ ËÔÒÑÎßÊÑÄÂÐÞ ÔÑÑÕ-

O CO2Et

7b

a

63.6%

OTs

(R)-19

f

80%

g, h

89.5%
20

13a

CO2Et
b7e

68%

²ÇÂÅÇÐÕÞ: a) BuCH=PPh3; b) H2/PtO2; c) LiAlH4; d ) TsCl/Py;

e) LiBr; f ) Me(CH2)5MgCl/CuI; g) O3/CH2Cl2;

h) H2O2/HCO2H; i ) NaOH; j ) AgNO3; k) Br2 .

Br

(R)-18

21

HO2C
i7k

84.6%

(S)-18

Br

CO2Me

O

22

a

95%
CO2Me

OH

23

b, c

CO2H

OH

(2R,3S)-23

CO2H

OH

(2S,3S)-23

c7f

52%

c7f

76%

OTs

OTHP

(2S,3S)-24

OTs

OTHP

(2R,3S)-24

²ÇÂÅÇÐÕÞ: a) H2/Ni-(S,S)-[HO2CCH(OH)]2; b) NaOH;

c) ÒÇÓÇÍÓËÔÕÂÎÎËÊÂÙËâ, H3O+; d ) CH2N2;

e ) ÆËÅËÆÓÑÒËÓÂÐ (DHP)/TsOH; f ) LiAlH4; g ) TsCl/Py.

OAc Br

11
HO2C

OAc

10

a

60%

b7e

61%

f

97%
PPh3Br

12

7a
g

72%
CO2Me

13
O

14

h, i

94%

j

87%

k

85%

15

Me(CH2)7

OAc

(2S,3S,7R)-17 (22%)

Me(CH2)7

OAc

(2R, 3S,7R)-17 (67%)

l7o

O16

²ÇÂÅÇÐÕÞ: a) Pb(OAc)4/Cu(OAc)2 .H2O; b) KOH; c) BunLi; d ) TsCl; e) NaBr; f ) PPh3/14 kbar; g) BuCH=PPh3; h) Bu
i
2AlH; i ) PCC; j ) 12/BunLi;

k) O2/PdCl27CuCl; l) NaBH4; m) H2/Pt; n) ÄÞÔÑÍÑà××ÇÍÕËÄÐÂâ ÉËÆÍÑÔÕÐÂâ ØÓÑÏÂÕÑÅÓÂ×Ëâ (¯PLC);

o) Ac2O/Et3N/4-ÆËÏÇÕËÎÂÏËÐÑÒËÓËÆËÐ (DMAP).
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ÄÇÕÔÕÄÖáÜËÇ àÐÂÐÕËÑÏÇÓÐÞÇ ÔÇÎÇÍÕËÄÐÑ ÊÂÜËÜÇÐÐÞÇ ÆËÑÎÞ
27, ÕÓÂÐÔ×ÑÓÏËÓÑÄÂÐÐÞÇ Ä ÃÓÑÏËÆÞ 28.7

¡ÎÍËÎËÓÑÄÂÐËÇ ÔÖÎß×ÑÐÂ (R)-26 ÃÓÑÏËÆÂÏË (R)-28 ËÎË
(S )-28 Ô ÒÑÔÎÇÆÖáÜËÏ ÆÇÔÖÎß×ÑÐËÎËÓÑÄÂÐËÇÏ ÒÓÑÆÖÍÕÑÄ
ÍÑÐÆÇÐÔÂÙËË, ÒÓËÄÑÆËÕ Í (4S,8R)- Ë (4S,8S )-ÔÕÇÓÇÑËÊÑÏÇÓÂÏ
ÔÑÇÆËÐÇÐËâ 29 ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ.

±ÓÑÆÖÍÕ ÑÍËÔÎÇÐËâ ÔÑÇÆËÐÇÐËâ 3 ÒÑ ºÂÓÒÎÇÔÔÖ 8 ì
ÂÎÎËÎÑÄÞÌ ÔÒËÓÕ 30 ì ÒÑÔÎÖÉËÎ ËÔØÑÆÐÞÏ ÔÑÇÆËÐÇÐËÇÏ Ä
ÔËÐÕÇÊÇ ÑÃÑËØ àÐÂÐÕËÑÏÇÓÑÄ 3,9-ÆËÏÇÕËÎ-6-ËÊÑÒÓÑÒËÎÆÇÍÂ-
5¦,8-ÆËÇÐ-1-ËÎÂÙÇÕÂÕÂ (39), (S )-àÐÂÐÕËÑÏÇÓ ÍÑÕÑÓÑÅÑ âÄÎâ-
ÇÕÔâ ÒÑÎÑÄÞÏ ×ÇÓÑÏÑÐÑÏ ÜËÕÑÄÍË ÉÇÎÕÑÌ ÒÑÏÇÓÂÐÙÇÄÑÌ
(Aonidiella citrina).9 ¥Îâ ×ÑÓÏËÓÑÄÂÐËâ (3R)-ÙÇÐÕÓÂ ÏÑÎÇ-

(S)-18

Me(CH2)7

OAc(2S,3S,7S)-17

Me(CH2)7

OAc(2S,3R,7S)-17

a, e, c, d

84%

a7d

52%

(R)-18
a, e, c, d

84%
Me(CH2)7

OAc(2S,3R,7R)-17

²ÇÂÅÇÐÕÞ: a) Mg; b) (2S, 3S)-24/CuI; c) TsO¯/MeOH;

d ) Ac2O/Py; e) (2R, 3S)-24/CuI.

³ØÇÏÂ 2

h

93%

a7c

86%
3 MeO CO2Me

MeO 25

d7g

41%

THPO OTs

(S)-27

THPO
Ô, i

44%

MeO

MeO

SO2Ph

(R)-26

Br

(R)-28

3
a, b

85%

CO2Me

OH 30 31

MeO
CO2Me

MeO
c7e

73.5% O OBn

(S)-32

f7h

86.5%

i) MEM7Cl/NaH (MEM=7CH2O(CH2)2OMe); j) O3/MeOH7CH2Cl2/NaHCO3; k) Py .CrO3;

²ÇÂÅÇÐÕÞ: a) Ph2Se2/H2O2; b) ButOOH; c) O3/MeOH; d ) Me2S; e) MeOH/TsOH; f ) LiAlH4; g) PhCH2Br/NaH; h) HClO4;

30
f

85% OH
OH

33 OH
OMEM

34

j, d, fi +

OMEM
OMEM

35

HO OMEM
36

BnO O
(R)-32

g, e, k

36%
OBn

OH

37

m

74.4%

l

63.9%

HO OBn
k, n7p

50%
OAc

Pri

Pri Pri

l ) (40); m) 1. Bun3SnCH2I/KH; 2. BunLi; n) Me2C=PPh3; o) Li/NH3; p) Ac2O/Py.

MgBr

Pri

38 (S)-39

³ØÇÏÂ 3

²ÇÂÅÇÐÕÞ: a) O3/MeOH; b) Me2S; c) TsOH, MeOH; d ) LiAlH4;

e) TsCl/ Py; f) NaI/ NaHCO3; g) PhSO2Na;

h) MeMgI/Li2CuCl4; i ) Br2/PPh3.

THPO OTs

(R)-27

h7j

60%
Br

(S)-28

²ÇÂÅÇÐÕÞ: a) BunLi; b) (R)-28; c) Na7Hg; d ) H3O+; e) (S)-28.

(R)-26
a, b

63%
MeO

MeO

c, d

56%

(R)-26
a, e

72%
MeO

MeO

O

(4S,8R)-29

c, d

77%

O

(4S,8S)-29

SO2Ph

SO2Ph
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ÍÖÎÞ 39 ËÔÒÑÎßÊÑÄÂÐ ÔËÐÕÇÕËÚÇÔÍËÌ ÃÎÑÍ (S )-32, ÒÑÎÖÚÇÐÐÞÌ
ÚÇÓÇÊ ÂÙÇÕÂÎß 31 ËÊ ÏÇÕËÎÑÄÑÅÑ à×ËÓÂ 30. °ÒÕËÚÇÔÍËÌ ÂÐÕË-
ÒÑÆ ÒÑÔÎÇÆÐÇÅÑ ì ÂÎßÆÇÅËÆ (R)-32 ì ÒÑÎÖÚÇÐ ËÊ ÕÑÅÑ ÉÇ
ÂÎÎËÎÑÄÑÅÑ ÔÒËÓÕÂ 30 ÒÖÕÇÏ ÇÅÑ ÕÓÂÐÔ×ÑÓÏÂÙËË ÚÇÓÇÊ ÆËÑÎ
33 Ä ÔÏÇÔß ÏÑÐÑ- Ë ÆËà×ËÓÑÄ (34 Ë 35 ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ).
°ÊÑÐÑÎËÊ Ë ÄÑÔÔÕÂÐÑÄÎÇÐËÇ àÕÑÌ ÔÏÇÔË ÆÂáÕ ÏÑÐÑÊÂÏÇÜÇÐ-
ÐÞÌ ÆËÑÎ 36, ÍÑÕÑÓÞÌ ÚÇÓÇÊ ÃÇÐÊËÎßÐÑÇ ÒÓÑËÊÄÑÆÐÑÇ ÒÓÇÄÓÂ-
ÜÇÐ Ä ÆÓÖÅÑÌ ÍÎáÚÇÄÑÌ ÂÎßÆÇÅËÆÑà×ËÓì (R)-32. (¯Â ÔØÇÏÇ 3
ÒÓËÄÇÆÇÐÞ ÔÕÂÆËË ÒÑÎÖÚÇÐËâ ÃËÑÎÑÅËÚÇÔÍË ÂÍÕËÄÐÑÅÑ (S )-
àÐÂÐÕËÑÏÇÓÂ 39). ¥ÂÎßÐÇÌÛËÇ ÕÓÂÐÔ×ÑÓÏÂÙËË (S )- Ë (R)-32
ÄÍÎáÚÂÎË ÍÑÐÆÇÐÔÂÙËá Ô ÓÇÂÍÕËÄÑÏ ¤ÓËÐßâÓÂ 40 Ë 2,3-
ÔËÅÏÂÕÓÑÒÐÖá ÒÇÓÇÅÓÖÒÒËÓÑÄÍÖ ÑÃÓÂÊÖáÜËØÔâ ÂÎÎËÎÑÄÞØ
ÔÒËÓÕÑÄ 37 ÚÇÓÇÊ ËØ ÔÕÂÐÐËÎßÐÞÇ ÒÓÑËÊÄÑÆÐÞÇ Ä E-ÅÑÏÑÂÎÎË-
ÎÑÄÞÇ ÔÒËÓÕÞ 38 (ÔØÇÏÂ 3). ±ÑÔÎÇÆÐËÇ ÆÂÎÇÇ ÃÞÎË ÒÓÇÄÓÂ-
ÜÇÐÞ Ä ÔÑÑÕÄÇÕÔÕÄÖáÜËÇ ÂÎßÆÇÅËÆÞ, ÑÎÇ×ËÐËÓÑÄÂÐËÇ
ÍÑÕÑÓÞØ ÆÂÎÑ ÙÇÎÇÄÞÇ (S )- ËÎË (R)-39.

¯Â ÑÔÐÑÄÇ ÙËÕÓÑÐÇÎÎÑÎÂ 4 ÓÂÊÓÂÃÑÕÂÐÂ ÔØÇÏÂ ÔËÐÕÇÊÂ
a-ÏÖÎßÕËÔÕÓËÂÕËÐÂ 49ìÂÅÓÇÅÂÙËÑÐÐÑÅÑ ×ÇÓÑÏÑÐÂ ÊÂÃÑÎÑÐ-
ÐËÍÂ ÄâÊÑÄÑÅÑ ÔÕÓÖÌÚÂÕÑÅÑ (Scolytus multistriatus). ´ÂÍ, ÒËÓÑ-
ÎËÊÑÏ ÍÔÂÐÕÑÅÇÐÂÕÂ 41 ÒÑÎÖÚÇÐ ÆËÇÐ (R)-42, ÍÑÕÑÓÞÌ ÆÂÎÇÇ
ÚÇÓÇÊ ÔÕÂÆËË ØÇÏÑÔÒÇÙË×ËÚÇÔÍÑÅÑ àÒÑÍÔËÆËÓÑÄÂÐËâ ÕÓËÊÂÏÇ-
ÜÇÐÐÑÌ ÆÄÑÌÐÑÌ ÔÄâÊË Ë ÅËÆÓÑÎËÊÂ ÒÓÑÏÇÉÖÕÑÚÐÑÅÑ àÒÑÍ-
ÔËÆÂ ÒÓÇÄÓÂÜÇÐ Ä ÆËÑÎ 43. °ÍËÔÎËÕÇÎßÐÑÇ ÓÂÔÜÇÒÎÇÐËÇ
ÒÑÔÎÇÆÐÇÅÑ ÆÂÎÑ ÂÎßÆÇÅËÆ (R)-44. ¦ÅÑ a-ÏÇÕËÎËÓÑÄÂÐËÇ
ÃÞÎÑ ÄÞÒÑÎÐÇÐÑ ÚÇÓÇÊ ÒÓÑÏÇÉÖÕÑÚÐÑÇ ÑÔÐÑÄÂÐËÇ ºË××Â
45. ±ÑÎÖÚÇÐÐÞÌ Ä ÓÇÊÖÎßÕÂÕÇ ÂÎßÆÇÅËÆ 46 ÒÓÇÄÓÂÜÇÐ ÚÇÓÇÊ

ÔÕÂÆËá ÍÇÕÑÐÂ 47 Ä àÒÑÍÔËÆ 48, ÑÃÓÂÃÑÕÍÂ ÍÑÕÑÓÑÅÑ SnCl4
ÒÓËÄÑÆËÕ Í ÔÏÇÔË ÚÇÕÞÓÇØ ÔÕÇÓÇÑËÊÑÏÇÓÑÄ, ËÊ ÍÑÕÑÓÑÌ 49
ÄÞÆÇÎÇÐ ØÓÑÏÂÕÑÅÓÂ×ËÚÇÔÍË (ÔØÇÏÂ 4).10

´ÇÕÓÂÅËÆÓÑÒËÓÂÐËÎÑÄÞÌ à×ËÓ (R)-ÙËÕÓÑÐÇÎÎÑÎÂ ì
(R)-50 ì ÒÑÔÎÖÉËÎ ÖÆÑÃÐÞÏ ËÔØÑÆÐÞÏ ÔÑÇÆËÐÇÐËÇÏ Ä ÔËÐ-

4
a, b

O SMe

S

41 (R)-42

c

46%

OH (R)-43

OH
f

77%

d, e

63%

OHC
(R)-44

g

86%

ButN

45
OHC

46

h, b, e

62%

i, e, j

79%

j ) H2CrO4; k) SnCl4; l ) HPLC.

²ÇÂÅÇÐÕÞ: a) CS2/NaH; b) MeI; c) 2408C; d ) m-ClC6H4COOOH (MCPBA); e) H3O+; f ) Pb(OAc)4; g) ButNH2; h) LDA; i ) EtMgBr;

47

d

77%

O

k, l
O

O

H H

MeMe

49

O48O

³ØÇÏÂ 4

i ) Pb(OAc)4/I2; j ) PhSNa; k) MCPBA; l ) BunLi; m) 57; n) Li/EtNH2; o) NaCN; p) Bui2AlH.

²ÇÂÅÇÐÕÞ: a) Ph2Se2/H2O2; b) ButOOH; c) O3/CH2Cl27MeOH/NaHCO3; d ) NaBH4; e) TsCl/Py; f ) NaI; g) Me2S; h) N2H4
.H2O/KOH;

53
OBn

54
OBn

OH

c, d

80%
55

HO OBn
ea, b

85%

56
TsO OBn

f

96%
57

I OBn

O
CO2Me

58 59

CO2H
i7k

55%
60

SO2Ph
l7n

30%

h

60%
30

c, g

OH
(3R,7R)-61

e, o, p
(4R,8R)-29

³ØÇÏÂ 5

OTHP
(R)-50

a7c

OTHP

51

d

O

OH

(R)-52

e) Ph3P=CMe2; f ) H3O+.

²ÇÂÅÇÐÕÞ: a) MCPBA; b) LDA; c) OEt/Hg2+; d ) 1808C;

OTHP
e, fO
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ÕÇÊÇ (R)-(+)-2,3-ÆËÅËÆÓÑ×ÂÓÐÇÊÑÎÂ (R)-52 ì ÂÐÕËÒÑÆÂ ×ÇÓÑ-
ÏÑÐÂ-ÏÇÕÚËÍÂ ÔÎÇÆÂ ÔÂÏÙÑÄ ÛÏÇÎâ Bombus terrestris (ÕÇÓÓÇ-
ÔÕÓÑÎÂ). ³ àÕÑÌ ÙÇÎßá (R)-50 ÃÞÎ ÒÓÇÄÓÂÜÇÐ Ä ÔÏÇÔß
ÆËÂÔÕÇÓÇÑÏÇÓÐÞØ ÄËÐËÎÂÎÎËÎÑÄÞØ à×ËÓÑÄ 51. ±ÑÔÎÇÆÖá-
ÜÂâ ÒÇÓÇÅÓÖÒÒËÓÑÄÍÂ ¬ÎâÌÊÇÐÂ Ë ÑÎÇ×ËÐËÓÑÄÂÐËÇ ÒÓÑÏÇÉÖ-
ÕÑÚÐÑÅÑ ÂÎßÆÇÅËÆÂ ÒÑ £ËÕÕËÅÖ ÒÓËÄÇÎË Ä ËÕÑÅÇ Í (R)-52.11

±ÓÑËÊÄÑÆÐÞÇ ÙËÕÓÑÐÇÎÎÑÎÂ 4 ËÔÒÑÎßÊÑÄÂÐÞ ÒÓË ÒÑÎÖÚÇ-
ÐËË ÄÔÇØ ÔÕÇÓÇÑËÊÑÏÇÓÐÞØ 4,8-ÆËÏÇÕËÎÆÇÍÂÐÂÎÇÌ 29.12 £
ÔËÐÕÇÊÇ (4R,8R)-29 Ë (4R,8S )-29 ËÔØÑÆÐÞÌ ÃÇÐÊËÎÑÄÞÌ à×ËÓ
53 ÑÍËÔÎÇÐ ÒÑ ºÂÓÒÎÇÔÔÖ 8 Ä ÂÎÎËÎÑÄÞÌ ÔÒËÓÕ 54. °ÊÑÐÑÎËÊ
ÒÑÔÎÇÆÐÇÅÑ ÆÂÎ ÏÑÐÑÊÂÜËÜÇÐÐÞÌ ÆËÑÎ 55. ±ÑÎÖÚÇÐÐÞÇ ËÊ
ÐÇÅÑ ÕÑÊËÎÂÕ 56 Ë ËÑÆËÆ 57 ÐÂÛÎË ÒÓËÏÇÐÇÐËÇ ÒÓË ÒÑÔÕÓÑÇ-
ÐËË (4R)-ÂÔËÏÏÇÕÓËÚÇÔÍÑÅÑ ÙÇÐÕÓÂ ÏÑÎÇÍÖÎÞ 29. ¥Îâ ×ÑÓÏË-
ÓÑÄÂÐËâ (8R)-ÙÇÐÕÓÂ ËÔÒÑÎßÊÑÄÂÐ ÔÖÎß×ÑÐ 60, ÔËÐÕÇÊËÓÑÄÂÐ-
ÐÞÌ Ä ÓÇÊÖÎßÕÂÕÇ ÑÊÑÐÑÎËÊÂ 30 Ä ÂÎßÆÇÅËÆÑà×ËÓ 58 Ë ÕÓÂÐÔ-
×ÑÓÏÂÙËË ÒÑÔÎÇÆÐÇÅÑ ÒÑ ·ÖÂÐ ë®ËÐÎÑÐÖ Ä ÍËÔÎÑÕÖ 59.
¬ÑÐÆÇÐÔÂÙËâ 60 Ô ËÑÆËÆÑÏ 57 Ë ÒÑÔÎÇÆÖáÜÇÇ ÆÇÔÖÎß×ÑÐËÎË-
ÓÑÄÂÐËÇ ÒÓÑÆÖÍÕÂ ÒÓËÄÑÆËÕ Í ÔÒËÓÕÖ (3R,7R)-61, ÅÑÏÑÎÑÅË-
ÊÂÙËâ ÍÑÕÑÓÑÅÑ ÆÑ ÙÇÎÇÄÑÅÑ ÂÎßÆÇÅËÆÂ (R,R)-29 ÑÔÖÜÇÔÕÄÎÇÐÂ
ÚÇÓÇÊ ÒÓÑÏÇÉÖÕÑÚÐÞÌ ÙËÂÐËÆ (ÔØÇÏÂ 5).

±ÑÔÕÓÑÇÐËÇ (8S )-ÙÇÐÕÓÂ Ä ÔÕÇÓÇÑËÊÑÏÇÓÇ (4R,8S )-29
ÄÞÒÑÎÐÇÐÑ Ô ÒÑÏÑÜßá (S )-2-ÏÇÕËÎÃÖÕËÎÃÓÑÏËÆÂ 28. ³ÑÚÇ-
ÕÂÐËÇ ÔÑÑÕÄÇÕÔÕÄÖáÜÇÅÑ ÓÇÂÍÕËÄÂ ¤ÓËÐßâÓÂ Ô ÕÑÊËÎÂÕÑÏ 56
ÒÓËÄÇÎÑ Í ÔÒËÓÕÖ (3R,7S )-61, ÍÑÕÑÓÞÌ ÚÇÓÇÊ ÐËÕÓËÎ
(4R,8S )-62 ÃÞÎ ÒÓÇÄÓÂÜÇÐ Ä ÙÇÎÇÄÑÇ ÔÑÇÆËÐÇÐËÇ.

¿ÎÇÍÕÓÑÎËÊ ÔÏÇÔË ÍËÔÎÑÕ 59 Ë 64 (ÍËÔÎÑÕÂ 64 ÔËÐÕÇ-
ÊËÓÑÄÂÐÂ ÑÊÑÐÑÎËÊÑÏ ÅÑÏÑÙËÕÓÑÐÇÎÎÑÄÑÌ ÍËÔÎÑÕÞ 63) Ä
MeONa/MeOH ÒÓËÄÇÎ Í (4S,8R)-65, ÍÑÕÑÓÞÌ ÃÞÎ ÄÞÆÇÎÇÐ
ËÊ ÔÏÇÔË ÒÓÑÆÖÍÕÑÄ ØÓÑÏÂÕÑÅÓÂ×ËÚÇÔÍË. ¡ÎßÆÇÅËÆ (4S,8R)-29
ÒÑÎÖÚÇÐ Ä ÓÇÊÖÎßÕÂÕÇ ÑÃÓÂÃÑÕÍË (4S,8R)-65HClO4.

¯Â ÕÑÏ ÉÇ ÒÓËÐÙËÒÇ ÑÔÐÑÄÂÐ ÔËÐÕÇÊ (S,S )-àÐÂÐÕËÑÏÇÓÂ
29. ·ËÓÂÎßÐÞÏË ÔËÐÕÇÕËÚÇÔÍËÏË ÃÎÑÍÂÏË Ä àÕÑÏ ÔÎÖÚÂÇ
ÔÎÖÉËÎË ÍËÔÎÑÕÞ 66 Ë (S )-68, ÒÑÎÖÚÇÐÐÞÇ ÐÂ ÑÔÐÑÄÇ ÒÓÑÆÖÍ-
ÕÑÄ ÑÊÑÐÑÎËÊÂ ÍËÔÎÑÕÞ 2 Ë ÕÇÕÓÂÅËÆÓÑÏËÓÙÇÐÂ (S )-67 ÔÑÑÕ-

ÄÇÕÔÕÄÇÐÐÑ. °ÃÓÂÊÖáÜËÌÔâ ÒÓË àÎÇÍÕÓÑÎËÊÇ àÍÄËÏÑÎâÓÐÑÌ
ÔÏÇÔË ÍËÔÎÑÕ 66 Ë (S )-68 ÂÙÇÕÂÎß (4S,8S )-65 ÆÂÎÇÇ ÒÓÇÄÓÂÜÇÐ
Ä ÙÇÎÇÄÑÌ ÒÓÑÆÖÍÕ (4S,8S )-29.

¯Â ÑÔÐÑÄÇ ÒÓÑËÊÄÑÆÐÞØ ÙËÕÓÑÐÇÎÎÑÎÂ 6 Ë 19 ÔËÐÕÇÊËÓÑ-
ÄÂÐÞ ÄÔÇ ÚÇÕÞÓÇ ÔÕÇÓÇÑËÊÑÏÇÓÂ 3,7-ÆËÏÇÕËÎÐÑÐÂÆÇÍÂÐÂ (69),
ÑÆËÐ ËÊ ÍÑÕÑÓÞØ âÄÎâÇÕÔâ ÒÑÎÑÄÞÏ×ÇÓÑÏÑÐÑÏÎáÙÇÓÐÑÄÑÅÑ
ÎËÔÕÑÄÑÅÑ ÏËÐÇÓÂ (Agromyza frontella).13 ¬ÎáÚÇÄÑÌ cÕÂÆËÇÌ
ÔËÐÕÇÊÂ âÄÎâÇÕÔâ ÍÑÐÆÇÐÔÂÙËâ ØËÓÂÎßÐÞØ ËÑÆËÆÑÄ 70 Ë ÔÖÎß-
×ÑÐÑÄ 71.

¥Îâ ÒÑÎÖÚÇÐËâ ÔÖÎß×ÑÐÂ (S )-71 ÒÓÑÆÖÍÕ ÂÎÍËÎËÓÑÄÂÐËâ
ÕÑÊËÎÂÕÂ (R)-19 ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑ ÒÑÆÄÇÓÅÐÖÕ ÑÍËÔÎÇÐËá ÒÑ
ºÂÓÒÎÇÔÔÖ,8 ÑÊÑÐËÓÑÄÂÐËá Ë ÄÑÔÔÕÂÐÑÄÎÇÐËá; ÑÃÓÂÊÖá-
ÜËÌÔâ ÔÒËÓÕ (S )-72 ÒÓÇÄÓÂÜÇÐ Ä (S )-71 ÔÕÂÐÆÂÓÕÐÞÏË ÑÒÇÓÂ-
ÙËâÏË.

(R)-¿ÐÂÐÕËÑÏÇÓ ÔÖÎß×ÑÐÂ 71 ÔËÐÕÇÊËÓÑÄÂÐ ËÊ ÂÙÇÕÑÍÔË-
ÂÎßÆÇÅËÆÂ 73 ì ÒÓÑÆÖÍÕÂ ÑÊÑÐÑÎËÊÂ-ÄÑÔÔÕÂÐÑÄÎÇÐËâ 6. °ÎÇ-
×ËÐËÓÑÄÂÐËÇÏ 73 ÒÑ £ËÕÕËÅÖ Ë ÒÑÔÎÇÆÖáÜËÏ
ÅËÆÓËÓÑÄÂÐËÇÏ ÒÓÑÏÇÉÖÕÑÚÐÑÅÑ ÑÎÇ×ËÐÂ ÒÑÎÖÚÇÐ ÔÒËÓÕ
(R)-72, ÍÑÕÑÓÞÌ ÒÓÇÄÓÂÜÇÐ Ä ÔÖÎß×ÑÐ (R)-71 ÂÐÂÎÑÅËÚÐÑ
(S )-àÐÂÐÕËÑÏÇÓÖ.

a7c

70%
Br

(S)-28

(3R,7S)-61
d, e

44%

³N

(4R,8S)-62

²ÇÂÅÇÐÕÞ: a) Mg; b) 56/Li2CuCl4; c) H2/Pd/C; d ) TsCl/Py;

e) NaCN; f ) NaOH; g) LiAlH4; h) PCC.

f7h

26%
(4R,8S)-29

²ÇÂÅÇÐÕÞ: a) O3/MeOH; b) Me2S; c) MeOH/TsOH;

d ) e7, NaOMe/MeOH; e) HClO4.

CO2H
63

a7c

53%

64

MeO
CO2H

MeO

e

25%
OMe

OMe(4S,8R)-65

64+ 59
d

(4S,8R)-29

²ÇÂÅÇÐÕÞ: a) O3/MeOH; b)Me2S; c) MeOH/TsOH; d ) O3/Me2CO;

e) H2CrO4; f ) e7, NaOMe/MeOH; g) HClO4.

a7c

89%
2 MeO CO2H

MeO 66

(S)-67

d, e

78%

(S)-68

HO2C

f

(4S,8S)-65
g

31%
(4S,8S)-29

(CH2)11Me* *
69

+I
* *PhSO2 (CH2)11Me

70 71

(R)-19
a

(CH2)11Me
b

80%

(CH2)11Me
OH

c, d

64%

HO (CH2)11Me
e7g

73%

PhSO2 (CH2)11Me

(S)-72

(S)-71

²ÇÂÅÇÐÕÞ: a) Me(CH2)9MgBr/Li2CuCl4; b) Ph2Se2/H2O2/ButOOH;

c) O3/CHCl3; d ) NaBH4; e) TsCl/Py; f) PhSNa/MeOH;

g) MCPBA.
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³ËÐÕÇÊ ØËÓÂÎßÐÞØ ËÑÆËÆÑÄ 70 ÄÞÒÑÎÐÇÐ ÐÂ ÑÔÐÑÄÇ
ÅËÆÓÑÍÔËà×ËÓÑÄ 74 ÚÇÓÇÊ ÒÓÑÏÇÉÖÕÑÚÐÞÇ ÔÇÎÇÍÕËÄÐÑ ÊÂÜË-
ÜÇÐÐÞÇ ÆËÑÎÞ 27.

¬ÑÐÆÇÐÔÂÙËÇÌ ØËÓÂÎßÐÞØ ÔÖÎß×ÑÐÑÄ 71 Ë ËÑÆËÆÑÄ 70 Ä
ÓÂÊÎËÚÐÞØ ÍÑÏÃËÐÂÙËâØ Ô ÒÑÔÎÇÆÖáÜËÏ ÆÇÔÖÎß×ÑÐËÎËÓÑÄÂ-
ÐËÇÏ ÒÓÑÆÖÍÕÑÄ ÓÇÂÍÙËÌ ÒÑÎÖÚÇÐÞ ÄÔÇ ÚÇÕÞÓÇ ÔÕÇÓÇÑËÊÑÏÇÓÂ
ÔÑÇÆËÐÇÐËâ 69.

´ÑÊËÎÂÕ (R)-19 ÐÂÛÇÎ ÕÂÍÉÇ ÒÓËÏÇÐÇÐËÇ Ä ÔËÐÕÇÊÇ
(2R,6R,10R)-6,10,14-ÕÓËÏÇÕËÎÒÇÐÕÂÆÇÍÂÐ-2-ÑÎÂ (83) ì ÒÑÎÑ-
ÄÑÅÑ ×ÇÓÑÏÑÐÂ ÓËÔÑÄÑÌ ÏÑÎË (Corcyra cephalonica) Ë ÇÅÑ
ÔÕÇÓÇÑËÊÑÏÇÓÑÄ, ËÏÇáÜËØ (2S,6R,10R)-, (2S,6S,10S )- ËÎË
(2R,6R,10S )-ÍÑÐ×ËÅÖÓÂÙËá.14 ¥Îâ ÒÑÔÕÓÑÇÐËâ (10S )-ØË-
ÓÂÎßÐÑÅÑ ÙÇÐÕÓÂ ÆÄÖØ ÒÑÔÎÇÆÐËØ ËÔÒÑÎßÊÑÄÂÐ ÔËÐÕÇÕËÚÇÔÍËÌ
ÃÎÑÍ 76, ÒÑÎÖÚÇÐÐÞÌ ËÊ 19 ÚÇÓÇÊ ÑÎÇ×ËÐ 75, ÒÑÆÄÇÓÅÐÖÕÞÌ
ÒÇÓËÑÆÂÕÐÑÏÖ ÓÂÔÜÇÒÎÇÐËá Ä ÒÓËÔÖÕÔÕÄËË ÍÂÕÂÎËÕËÚÇÔÍËØ
ÍÑÎËÚÇÔÕÄ RuCl3.

³ÑÊÆÂÐËÇ (10R)-ÙÇÐÕÓÂ ÔÕÇÓÇÑËÊÑÏÇÓÑÄ (2R,6R,10R)- Ë
(2S,6R,10R)-83 ÑÔÖÜÇÔÕÄÎÇÐÑ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÃÓÑÏËÆÂ 78,
ÒÑÎÖÚÇÐÐÑÅÑ Ô ÄÞÔÑÍËÏ ÄÞØÑÆÑÏ ËÊ ÆËÅËÆÓÑÙËÕÓÑÐÇÎÎÑÎÂ
(77) ì ÒÓÑÆÖÍÕÂ ÄÑÔÔÕÂÐÑÄÎÇÐËâ ÙËÕÓÑÐÇÎÎÑÄÑÌ ÍËÔÎÑÕÞ 2.

±ÓË ÒÑÔÕÓÑÇÐËË ØËÓÂÎßÐÞØ (6R)- Ë (6S )-ÙÇÐÕÓÑÄ ÔÑÑÕÄÇÕ-
ÔÕÄÖáÜËØ ÔÕÇÓÇÑËÊÑÏÇÓÑÄ 83 ÒÓËÏÇÐÇÐÞ (R)- Ë (S )-ÔÖÎß×ÑÐÞ
79, ÒÑÎÖÚÇÐÐÞÇ ËÊ (R)- Ë (S )-ÑÍÔËÍËÔÎÑÕ 74.

²ÂÊÎËÚÐÞÇ ÄÂÓËÂÐÕÞ ÂÎÍËÎËÓÑÄÂÐËâ ØËÓÂÎßÐÞØ ÔÖÎß×Ñ-
ÐÑÄ 79 ËÑÆËÆÑÏ 76 ËÎË ÃÓÑÏËÆÑÏ 78 Ô ÒÑÔÎÇÆÖáÜËÏ ÆÇÔÖÎß-
×ÑÐËÎËÓÑÄÂÐËÇÏ ÒÓÑÆÖÍÕÑÄ ÍÑÐÆÇÐÔÂÙËË 80, ÒÓÇÄÓÂÜÇÐËÇ
ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ÔÒËÓÕÑÄ Ä ÔÖÎß×ÑÐÞ 81 Ë ÂÐÂÎÑÅËÚÐÞÇ
ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÔÕË ÓÇÂÍÙËÌ ÔÕÇÓÇÑËÊÑÏÇÓÑÄ 81 Ô àÐÂÐÕËÑ-
ÏÇÓÐÞÏË ËÑÆËÆÂÏË 82 ÒÓËÄÇÎË Ä ËÕÑÅÇ Í ÚÇÕÞÓÇÏ ÔÕÇÓÇÑËÊÑ-
ÏÇÓÐÞÏ ÔÑÇÆËÐÇÐËâÏ 83.

a, b
6 OHC OAc

73

c, d

76%

HO (CH2)11Me

(R)-72

e7g

PhSO2 (CH2)11Me

(R)-71

d ) LiAlH4/CoCl2; e) TsCl/Py; f ) PhSNa/MeOH; g) MCPBA.

²ÇÂÅÇÐÕÞ: a) O3/MeOH; b) Me2S; c) Ph3P=CH(CH2)7Me;

a7cHO
CO2Me

(R)-74

(R)-27
d, e, c, f

I

(S)-70

a7cHO
CO2Me

(S)-74

(S)-27
d, e, c, f

I

(R)-70

d ) MeMgBr/Li2CuCl4; e) H3O+; f ) NaI/Me2CO.

²ÇÂÅÇÐÕÞ: a) DHP/TsOH; b) LiAlH4; c) TsCl/Py;

a, b
(S)-70+ (S)-71 (CH2)11Me

(3S,7S)-69

a, b
(R)-70+ (S)-71 (CH2)11Me

(3R,7S)-69

a, b
(S)-70+ (R)-71 (CH2)11Me

(3S,7R)-69

a, b
(R)-70+ (R)-71 (CH2)11Me

(3R,7R)-69

²ÇÂÅÇÐÕÞ: a) BunLi; b) Na7Hg.

(R)-19
a

80%

75

b, c

67%

I
76

c) I2/Pd(OAc)4/hn/CCl4.

²ÇÂÅÇÐÕÞ: a) BuiMgBr/Li2CuCl4; b) NaIO4/RuCl3;

77

OH2
a b, c

84%

²ÇÂÅÇÐÕÞ: a) LiAlH4/CoCl2; b) TsCl/Py; c) NaBr/DMF.

78

Br

a7e
(R)-74 THPO SO2Ph

(R)-79

a7e
(S)-74 THPO SO2Ph

(S)-79

d ) NaSPh; e) MCPBA.

²ÇÂÅÇÐÕÞ: a) DHP/TsOH; b) LiAlH4; c) TsCl/Py;

(S)-79
a, b

76%
OTHP

SO2Ph(2S,6R)-80

c7g

SO2Ph

(2R,6R)-81

a, h, i, d

OH

(2R,6R,10R)-83
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°ÚÇÄËÆÐÑÇ ÔÕÓÖÍÕÖÓÐÑÇ ÔØÑÆÔÕÄÑ ØËÓÂÎßÐÑÌ ÚÂÔÕË
6,10,13-ÕÓËÏÇÕËÎÕÇÕÓÂÆÇÍÂÐ-1-ÑÎÂ (87) ì ÂÅÓÇÅÂÙËÑÐÐÑÅÑ
×ÇÓÑÏÑÐÂ ØËÜÐÑÅÑ ÉÖÍÂ-ÄÑÐáÚÍË (Stiretrus anchorago) ì Ë
ÑÒËÔÂÐÐÑÅÑ ÄÞÛÇ ×ÇÓÑÏÑÐÂ 83 ÒÑÃÖÆËÎÑ ËÔÒÑÎßÊÑÄÂÕß ÆÎâ
ÓÂÊÓÂÃÑÕÍË ÔËÐÕÇÊÂ ÑÒÕËÚÇÔÍËØ ËÊÑÏÇÓÑÄ ÔÑÇÆËÐÇÐËâ 87 ÕÇ ÉÇ
ØËÓÂÎßÐÞÇ ËÔØÑÆÐÞÇ ÄÇÜÇÔÕÄÂ.15 ¯ÇÑÃØÑÆËÏÞÇ ÆÎâ àÕÑÌ ÙÇÎË
ØËÓÂÎßÐÞÇ ÔËÐÕÇÕËÚÇÔÍËÇ ÃÎÑÍË 85 ÃÞÎË ÒÑÎÖÚÇÐÞ ËÊ ÙËÕÓÑ-
ÐÇÎÎËÎÂÙÇÕÂÕÂ (S )-6 (ÚÇÓÇÊ ÔÕÂÆËá ÑÊÑÐÑÎËÊÂ ÒÑÔÎÇÆÐÇÅÑ)
ËÎË ÆËÊÂÏÇÜÇÐÐÑÅÑ ÑÎÇ×ËÐÂ 84, ÔËÐÕÇÊËÓÑÄÂÐÐÑÅÑ ËÊ (R)-19
Ä ÆÄÇ ÔÕÂÆËË.

¬ÑÐÆÇÐÔÂÙËâ ØËÓÂÎßÐÞØ ËÑÆËÆÑÄ 85 c cÖÎß×ÑÐÂÏË 79 (R)-
Ë (S )-ÍÑÐ×ËÅÖÓÂÙËË Ä ÓÂÊÎËÚÐÞØ ÔÑÚÇÕÂÐËâØ ÑÃÇÔÒÇÚËÎË
ÒÑÎÖÚÇÐËÇ ÄÔÇØ ÔÕÇÓÇÑËÊÑÏÇÓÐÞØ ÔÒËÓÕÑÄ 87.

¸ËÕÓÑÐÇÎÎËÎÕÑÊËÎÂÕ (R)-19 ËÔÒÑÎßÊÑÄÂÐ ÕÂÍÉÇ Ä ÔËÐÕÇÊÇ
(S )-93-ÑÒÕËÚÇÔÍËØ ÂÐÕËÒÑÆÑÄ ÍÑÏÒÑÐÇÐÕÑÄ ×ÇÓÑÏÑÐÂ ÉÖÍÑÄ-
ÍÑÉÇÇÆÑÄ ÓÑÆÂ Trogoderma ì (14S)-ÏÇÕËÎÅÇÍÔÂÆÇÙ-8E- Ë
-8Z-ÇÐÂÎÇÌ (93).16 ³ØÇÏÂ ÄÍÎáÚÂÇÕ ÑÍËÔÎËÕÇÎßÐÑÇ ÓÂÔÜÇÒÎÇ-
ÐËÇ ÆÄÑÌÐÑÌ ÔÄâÊË Ä (R)-19, ÒÑÔÎÇÆÖáÜÇÇ ÄÑÔÔÕÂÐÑÄÎÇÐËÇ
ÑÆÐÑÄÓÇÏÇÐÐÑ ÑÍÔÑ- Ë ÕÑÊËÎÑÍÔËÅÓÖÒÒ ÔÑÇÆËÐÇÐËâ 88, Ë
ÕÓÂÐÔ×ÑÓÏÂÙËá ÑÎÇ×ËÐÂ 90 Ä ÔÑÑÕÄÇÕÔÕÄÖáÜËÌ ÂÙÇÕËÎÇÐ
91. ¡ÎÍËÎËÓÑÄÂÐËÇ Li-ÒÓÑËÊÄÑÆÐÑÅÑ, ÒÑÎÖÚÇÐÐÑÅÑ ËÊ 91,
ÃÓÑÏËÆÑÏ 94 Ë ÔÇÎÇÍÕËÄÐÑÇ ÅËÆÓËÓÑÄÂÐËÇ ÑÃÓÂÊÖáÜÇÅÑÔâ
ÔÒËÓÕÂ (S )-92 ÊÂÄÇÓÛÂÇÕ ÔËÐÕÇÊ 93.

±ÓÇÆÎÑÉÇÐ ÍÑÓÑÕÍËÌ ÒÖÕß ÔËÐÕÇÊÂ àÐÂÐÕËÑÏÇÓÐÑ ÚËÔÕÑÅÑ
(4S,8S )-ÆËÏÇÕËÎÆÇÍÂÐÂÎâ (29) ËÔØÑÆâ ËÊ ÕÑÊËÎÂÕÂ (R)-19 Ë
ÆÑÔÕÖÒÐÑÅÑ ÃÓÑÏËÆÂ (S )-28, ÍÓÑÔÔ-ÔÑÚÇÕÂÐËÇÏ ÍÑÕÑÓÞØ ÒÑÎÖ-

(R)-19
a b

73%

OH 84

c, d

70%

OH
e, f

I
(S)-85

6
b, g, h

91%
OHC

OAc
86

i, j, e, f

63%

I
(R)-85

h) Me2S; i ) Me2C=PPh3; j ) LiAlH4/CoCl2.

c) O3/CHCl3; d ) NaBH4; e) TsCl/Py; f ) NaI; g) O3/MeOH;

²ÇÂÅÇÐÕÞ: a) PriMgBr/Li2CuCl4; b) Ph2Se2/H2O2/ButOOH;

e) ClMg(CH2)4OTHP/Li2CuCl4; f ) H3O+.

²ÇÂÅÇÐÕÞ: a) BunLi; b) Na7Hg; c) H3O+; d ) TsCl/Py;

(S)-85+ (S)-79
a7f

(CH2)5OH
(6S,10R)-87

(R)-85+ (R)-79
a7f

(CH2)5OH
(6R,10S)-87

(R)-85+ (S)-79
a7f

(CH2)5OH
(6S,10S)-87

(S)-85+ (R)-79
a7f

(CH2)5OH
(6R,10R)-87

k) Br(CH2)7OTHP (94); l) H3O+;

g)

²ÇÂÅÇÐÕÞ: a) MCPBA; b) HIO4; c) LiAlH4; d ) TsCl/Py; e) LiBr; f ) Mg;

Br ; h) Br2/CCl4; i ) NaNH2; j ) BunLi;

m) H2/Pd/BaSO4/quinoline; n) Na/NH3; o) PCC.

c7e
(R)-19

a, b
OHC OTs

88

Br
89

f, g

90

h, i

91

j7l

(CH2)7OH
(S)-92

(CH2)6CHO
(S,Z)-93

(CH2)6CHO

(S,E)-93

m, o

n, o

j )

f ) NaSPh; g) MCPBA; h)

²ÇÂÅÇÐÕÞ: a) BunLi; b) 78; c) Na7Hg; d ) H3O+; e) TsCl/Py;

I (S)-82; k) 76.

OTHP

I (R)-82; i ) Li/EtNH2;

OTHP

(2R,6R)-81
a, j, i, d

60%

OH

(2S,6R,10R)-83

(R)-79
a, k

OTHP

SO2Ph(2R,6S)-80

c7g

(2S,6S)-81

OH

(2R,6S,10S)-83

SO2Ph

(2S,6S)-81

a, j, i, d

OH

(2S,6S,10S)-83

a, h, i, d
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ÚÇÐ ÓÂÊÄÇÕÄÎÇÐÐÞÌ ÂÎÍÇÐ (6S,10S )-95, ÒÓÇÄÓÂÜÇÐÐÞÌ ÑÊÑÐÑ-
ÎËÊÑÏ-ÄÑÔÔÕÂÐÑÄÎÇÐËÇÏ Ä ÙÇÎÇÄÑÌ ÒÓÑÆÖÍÕ (4S,8S )-29.17,18

´ÑÊËÎÂÕ (R)-19 ÑÍÂÊÂÎÔâ ÕÂÍÉÇ ÖÆÑÃÐÞÏ ËÔØÑÆÐÞÏ ÔÑÇ-
ÆËÐÇÐËÇÏ Ä ÔËÐÕÇÊÇ ÄÔÇØ ÔÕÇÓÇÑËÊÑÏÇÓÑÄ 3,11-ÆËÏÇÕËÎ-2-
ÐÑÐÂÍÑÊÂÐÑÐÂ (99) ì ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÓÞÉÇÅÑ ÕÂÓÂÍÂÐÂ-
ÒÓÖÔÔÂÍÂ (Blatella germanica).19 ¬ÎáÚÇÄÑÌ ÔÕÂÆËÇÌ ÔËÐÕÇÊÂ
âÄÎâÇÕÔâ ÍÓÑÔÔ-ÔÑÚÇÕÂÐËÇ ØËÓÂÎßÐÑÅÑ ÕÑÊËÎÂÕÂ 96 Ë ØËÓÂÎß-
ÐÑÅÑ ÓÇÂÍÕËÄÂ ¤ÓËÐßâÓÂ 97, ÒÓËÄÑÆâÜÇÇ Í ÑÎÇ×ËÐÖ 98.

¥Îâ ÒÑÎÖÚÇÐËâ ÕÑÊËÎÂÕÂ (R)-96 ÔÑÇÆËÐÇÐËÇ (R)-19 ÄÐÂÚÂÎÇ
ÒÓÇÄÓÂÜÂÎË Ä ËÑÆËÆ 100, ÍÑÕÑÓÞÌ ÍÑÐÆÇÐÔËÓÑÄÂÎË Ô ÏÂÎÑÐÑ-
ÄÞÏ à×ËÓÑÏ. ªÊ ÒÓÑÏÇÉÖÕÑÚÐÑÅÑ ÆËà×ËÓÂ 101 ÒÑÎÖÚËÎË

ÍËÔÎÑÕÖ 102. °ÐÂ ÃÞÎÂ ÒÓÇÄÓÂÜÇÐÂ Ä ÂÙÇÕÂÕ 103 Ë ÆÂÎÇÇ Ä
ÂÙÇÕÑÍÔËÂÎßÆÇÅËÆ 104 Ä ÓÇÊÖÎßÕÂÕÇ ÑÍËÔÎËÕÇÎßÐÑÅÑ ÓÂÔÜÇÒ-
ÎÇÐËâ ÆÄÑÌÐÑÌ ÔÄâÊË. °ÎÇ×ËÐËÓÑÄÂÐËÇ 104 ³15-ÕÓË×ÇÐËÎ-
×ÑÔ×ÑÓÂÐÑÏ, ÅËÆÓËÓÑÄÂÐËÇ ÒÑÎÖÚÇÐÐÑÅÑ ÑÎÇ×ËÐÂ Ë ÒÑÔÎÇ-
ÆÖáÜÇÇ ÕÑÊËÎËÓÑÄÂÐËÇ ÊÂÄÇÓÛËÎË ÔËÐÕÇÊ (R)-96.

´ÑÊËÎÂÕ (S )-96 ÒÑÎÖÚÇÐ ÐÂ ÑÔÐÑÄÇ ÒÓÑÆÖÍÕÂ ÂÎÍËÎËÓÑÄÂ-
ÐËâ ËÑÆËÆÂ 100 ÅÇÍÔÂÆÇÙ-1-ËÐËÎÎËÕËÇÏ. ¦ÐËÐ 105 ÑÍËÔÎÇÐ Ä
ÂÎßÆÇÅËÆ 106. ±ÑÔÎÇÆÐËÌ ÆÂÎÇÇ ÒÓÇÄÓÂÜÇÐ Ä ÕÑÊËÎÂÕ 107,
ÅÑÏÑÎÑÅËÊÂÙËâ ÍÑÕÑÓÑÅÑ ÚÇÓÇÊ ÐËÕÓËÎ 108 ÊÂÄÇÓÛËÎÂ ÔËÐÕÇÊ
ÕÑÊËÎÂÕÂ (S )-96.

¯ÇÑÃØÑÆËÏÞÌ ÆÎâ ÔËÐÕÇÊÂ ÓÇÂÍÕËÄÂ ¤ÓËÐßâÓÂ 97 ÃÓÑÏËÆ
(R)-109 ÒÑÎÖÚÇÐ ÒÓÑÔÕÞÏË ÑÒÇÓÂÙËâÏË ËÊ ÂÎßÆÇÅËÆÂ 44.

¢ÓÑÏËÆ (S )-109 ÒÓËÅÑÕÑÄÎÇÐ ËÊ ÏÇÕËÎÑÄÑÅÑ à×ËÓÂ ÅÑÏÑ-
ÙËÕÓÑÐÇÎÎÑÄÑÌ ÍËÔÎÑÕÞ (110) ÚÇÓÇÊ ÔÕÂÆËá ÒÓÑÏÇÉÖÕÑÚÐÑÌ
ÍËÔÎÑÕÞ 111. ®ÇÕËÎÑÄÞÌ à×ËÓ 112, ÒÑÎÖÚÇÐÐÞÌ ÒÑ ÓÇÂÍÙËË
·ÖÐÔÆËÍÍÇÓÂ, ÃÞÎ ÒÓÇÄÓÂÜÇÐ Ä ÐÇÒÓÇÆÇÎßÐÖá ÍËÔÎÑÕÖ 114

OTs
(R)-19

a

65%

95

b, c

75%
(4S,8S)-29

(S)-28/Mg/Li2CuCl4; b) O3/CH2Cl2;

c) Me2S.

²ÇÂÅÇÐÕÞ: a) Br

Me(CH2)17 (CH2)4OTs* + BrMg(CH2)3 *
a

96 97

²ÇÂÅÇÐÕÞ: a) Li2CuCl4; b) Hg(OAc)2; c) NaBH47NaOH; d ) CrO3.

Me(CH2)17 (CH2)7*

98

*
b7d

Me(CH2)17 (CH2)7

O

*

99

*

b, ca
100 (CH2)2C C(CH2)13Me

105

d, e

106

OHC(CH2)2 (CH2)2C C(CH2)13Me

107

TsO(CH2)3 (CH2)2C C(CH2)13Me
f

108

NC(CH2)3 (CH2)2C C(CH2)13Me
g, d, h, e

(S)-96

TsO(CH2)4 (CH2)17Me

d ) LiAlH4; e) TsCl/Py; f ) NaCN; g) NaOH; h) H2/Pd.

²ÇÂÅÇÐÕÞ: a) HC C(CH2)13Me/BunLi; b) MCPBA; c) HIO4;

²ÇÂÅÇÐÕÞ: a) LiAlH4; b) TsCl/Py; c) LiBr; d ) Mg.

BrMg

(R)-97

OHC
44

a7c Br

(R)-109

da
R

(R)-19, 100

CO2R

X101, 102

b, c

OAc
103

d, e

OHC OAc
104

f7h

Me(CH2)17 (CH2)4OTs

(R)-96

R=OTs [(R)-19], I (100);

X = CO2Et, R = Et (101); X = R=H (102).

g) H2/Pd; h) TsCl/Py.

d ) MCPBA; e) HIO4; f ) [Me(CH2)14PPh3]Br/BunLi;

²ÇÂÅÇÐÕÞ: a) CH2(CO2Et)2/BunLi; b) LiAlH4; c) Ac2O/Py;

a7c
CO2Me

110

d
HO2C CO2Me

111

e
Br CO2Me

112

µÔÒÇØË ØËÏËË 66 (12) 1997 1103



ÚÇÓÇÊ ÔÇÎÇÐËÆ 113. ¢ÓÑÏËÆ (S )-109 ÔËÐÕÇÊËÓÑÄÂÐ ËÊ ÐÇÇ
ÔÕÂÐÆÂÓÕÐÞÏË ÑÒÇÓÂÙËâÏË.

£ÊÂËÏÑÆÇÌÔÕÄËÇ ÕÑÊËÎÂÕÑÄ 96 Ô ÓÇÂÍÕËÄÂÏË ¤ÓËÐßâÓÂ 97,
ÒÑÔÎÇÆÖáÜÂâ ÅËÆÓÂÕÂÙËâ ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ÑÎÇ×ËÐÑÄ ÒÑ
®ÂÓÍÑÄÐËÍÑÄÖ Ë ÑÍËÔÎÇÐËÇ ÒÑÎÖÚÇÐÐÞØ ÔÒËÓÕÑÄ ÒÓËÄÇÎË ÍÑ
ÄÔÇÏ ÚÇÕÞÓÇÏ ÔÕÇÓÇÑËÊÑÏÇÓÂÏ ÔÑÇÆËÐÇÐËâ 99.19

¢ÓÑÏÏÇÕËÎÑÄÞÌ à×ËÓ 112 ÐÂÛÇÎ ÕÂÍÉÇ ÒÓËÏÇÐÇÐËÇ Ä
ÔËÐÕÇÊÇ (R)-10-ÏÇÕËÎÆÑÆÇÙ-1-ËÎÂÙÇÕÂÕÂ (116) ì ÏËÐÑÓÐÑÅÑ
ÍÑÏÒÑÐÇÐÕÂ ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÏÂÎÑÌ ÚÂÌÐÑÌ ÎËÔÕÑÄÇÓÕÍË
(Adoxophyes fasciata). ±ÑÔÕÓÑÇÐËÇ ÖÅÎÇÓÑÆÐÑÌ ÙÇÒË 116 ÑÔÖ-
ÜÇÔÕÄÎÇÐÑ ÐÂ ÑÔÐÑÄÇ ÍÓÑÔÔ-ÔÑÚÇÕÂÐËâ ÕÑÊËÎÂÕÂ 115, ÒÑÎÖÚÇÐ-
ÐÑÅÑ ËÊ ÃÓÑÏËÆÂ 112, Ë ÓÇÂÍÕËÄÂ ¤ÓËÐßâÓÂ.20

¯Â ÑÔÐÑÄÇ ÕÑÊËÎÂÕÂ (R)-19 ÓÇÂÎËÊÑÄÂÐ ÔËÐÕÇÊ ÆËÒÓËÑÐËÎ-
ÂÙÇÕÂÕÂ (17) àÓËÕÓÑ-(2S,3S,7S )-ÍÑÐ×ËÅÖÓÂÙËË Ë ÇÅÑ ÕÓÇÑ-
(2R,3S,7S )-ËÊÑÏÇÓÂ, ÔÑÔÕÑâÜËÌ ËÊ ÆÄÖØ àÕÂÒÑÄ.21 ©ÂÆÂÚÇÌ
ÒÇÓÄÑÅÑ àÕÂÒÂ âÄËÎÑÔß ÒÑÔÕÓÑÇÐËÇ ØËÓÂÎßÐÑÅÑ ÂÎßÆÇÅËÆÂ
119, ÍÑÕÑÓÑÇ ÃÞÎÑ ÄÞÒÑÎÐÇÐÑ ÒÖÕÇÏ ÑÊÑÐÑÎËÊÂ ÔÐÂÚÂÎÂ
ÂÎÍÇÐÂ 20 Ä ÂÎßÆÇÅËÆ 117, Â ÊÂÕÇÏ ÒÑÎÖÚÇÐÐÑÅÑ ËÊ ÐÇÅÑ
ÇÐÑÎÂÙÇÕÂÕÂ 118. ²ÇÂÍÙËË, ËÔÒÑÎßÊÑÄÂÐÐÞÇ ÐÂ ÄÕÑÓÑÏ àÕÂÒÇ
ÔËÐÕÇÊÂ ÙÇÎÇÄÞØ ÂÙÇÕÂÕÑÄ (2S,3S,7S )-17 Ë (2R,3S,7S )-17, ÐÇ
ÑÕÎËÚÂáÕÔâ ÑÕ ÒÓËÄÇÆÇÐÐÞØ ÐÂ ÔØÇÏÇ 1 ÆÎâ àÐÂÐÕËÑÏÇÓÑÄ Ô
(R)-ÍÑÐ×ËÅÖÓÂÙËÇÌ ³(7)-ÂÕÑÏÂ.4, 5

ªÊ ÓÇÕÓÑÔËÐÕÇÕËÚÇÔÍÑÅÑ ÂÐÂÎËÊÂ ÔÕÓÖÍÕÖÓÞ (2S,3S,7S )-
ÆËÒÓËÑÐËÎÂÙÇÕÂÕÂ (17) ÄËÆÐÑ, ÚÕÑ ÇÅÑ ÄÑÊÏÑÉÐÑ ÒÑÎÖÚËÕß ÐÂ
ÑÔÐÑÄÇ ÓÇÂÍÙËË ÏÇÕÂÎÎÑÑÓÅÂÐËÚÇÔÍÑÅÑ ÐÖÍÎÇÑ×ËÎÂ 120 Ô
(S,S )-2,3-àÒÑÍÔËÃÖÕÂÐÑÏ 121.

®ÑÓË Ë ÔÑÂÄÕ.22, 23 ÔËÐÕÇÊËÓÑÄÂÎË ØËÓÂÎßÐÞÌ ÔÕÓÑËÕÇÎß-
ÐÞÌ ÃÎÑÍ, ÔÑÑÕÄÇÕÔÕÄÖáÜËÌ ÔËÐÕÑÐÖ 120, ì ÃÓÑÏËÆ 123 ÒÑ
ÔÎÇÆÖáÜÇÌ ÔØÇÏÇ: ÔÑÚÇÕÂÐËÇ ÕÑÊËÎÂÕÂ (R)-19 Ô ÆËÅÇÍÔËÎÎË-
ÕËÌÍÖÒÓÂÕÑÏ Ë ÒÑÔÎÇÆÖáÜËÌ ÑÊÑÐÑÎËÊ ÂÎÍÇÐÂ 20 ÒÓËÄÇÎË Í
ÔÒËÓÕÖ 122, ÍÑÕÑÓÞÌ ÃÞÎ ÒÓÇÄÓÂÜÇÐ Ä ÃÓÑÏËÆ ÑÃÞÚÐÞÏË
ÑÒÇÓÂÙËâÏË. ¬ÑÏÒÎÇÏÇÐÕÂÓÐÞÌ àÒÑÍÔËÆ 121 ÔËÐÕÇÊËÓÑÄÂÐ ËÊ
ÒÓËÓÑÆÐÑÌ L-(+)-ÄËÐÐÑÌ ÍËÔÎÑÕÞ (124) Ä ÆÇÄâÕß ÔÕÂÆËÌ.
±ÑÎÖÚÇÐÐÞÌ ËÊ ÃÓÑÏËÆÂ 123 ÆËÂÎÍËÎÎËÕËÌÍÖÒÓÂÕ ÒÓË ÄÊÂË-

(R)-96+ (R)-97 Me(CH2)17 (CH2)7

O(3R,11R)-99

(R)-96+ (S)-97 Me(CH2)17 (CH2)7

O(3S,11R)-99

(S)-96+ (R)-97 Me(CH2)17 (CH2)7

O(3R,11S)-99

(S)-96+ (S)-97 Me(CH2)17 (CH2)7

O(3S,11S)-99

...

...

...

...

(R)-19
a

80%
20

b, c

85%

O
(CH2)7Me

117

d

90%

AcO
(CH2)7Me

118

b, c

90%

119

O (CH2)7Me
e

80%

Me(CH2)7
f

75%

Me(CH2)7

O

g7j

(2S,3S,7S)-17

Me(CH2)7

OAc(2R,3S,7S)-17

22%

67%

f) O2/PdCl27CuCl; g) NaBH4; h) H2/Pt; i ) HPLC;

c) Me2S; d ) Ac2O/AcOK/Et3N; e) 12/BunLi;

²ÇÂÅÇÐÕÞ: a) Me(CH2)5MgCl/CuI; b) O3/CH2Cl27MeOH;

j ) Ac2O/Et3N/DMAP.

OAc17

M

120

+ O

H

H

121

NO2

Se CO2Me

113

f, g

CO2H
114

h7j

Br

(S)-109

k MgBr

(S)-97

h) LiAlH4; i ) TsCl/Py; j ) LiBr; k) Mg.

g)

²ÇÂÅÇÐÕÞ: a) O3/MeOH; b) Me2S; c) CrO3; d ) Ag2O7Br2;

NO2

SeCN/NaBH4; f ) NaOH; g) H2O2;

112
a7c

70%
OTs

115

d7f

73.5%

OAc

116

e) MeOH/TsOH; f ) Ac2O/Py.

d ) BrMg(CH2)6OTHP/117/Li2CuCl4;

²ÇÂÅÇÐÕÞ: a) NaI; b) LiAlH4; c) TsCl/Py;
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ÏÑÆÇÌÔÕÄËË Ô àÒÑÍÔËÆÑÏ 121 ÆÂÎ ÙÇÎÇÄÑÌ ÆËÒÓËÑÐËÎÂÙÇÕÂÕ
(2S,3S,7S)-17 Ô ÄÞÔÑÍÑÌ ÍÑÐ×ËÅÖÓÂÙËÑÐÐÑÌ ÑÆÐÑÓÑÆÐÑÔÕßá
ÆÎâ ÄÔÇØ ÕÓÇØ ØËÓÂÎßÐÞØ ÙÇÐÕÓÑÄ.

´ÇÕÓÂÅËÆÓÑÏËÓÙÇÐ (67), ÒÑÎÖÚÇÐÐÞÌ Ä ÓÇÊÖÎßÕÂÕÇ ÄÑÔÔÕÂ-
ÐÑÄÎÇÐËâ ÙËÕÓÑÐÇÎÎËÎÏÇÊËÎÂÕÂ 125 ËÔÒÑÎßÊÑÄÂÐ ÆÎâ ÔËÐÕÇÊÂ
(S )-6-ÏÇÕËÎÑÍÕÂÐ-3-ÑÐÂ (S )-126 ì ÑÆÐÑÅÑ ËÊ ÍÑÏÒÑÐÇÐÕÑÄ
×ÇÓÑÏÑÐÂ ÕÓÇÄÑÅË ÏÖÓÂÄßÇÄ ÓÑÆÂ Cenus crematogaster.24

³ ËÔÒÑÎßÊÑÄÂÐËÇÏ ÕÑÅÑ ÉÇ ÔÕÓÑËÕÇÎßÐÑÅÑ ÃÎÑÍÂ 67 ÔËÐÕÇ-
ÊËÓÑÄÂÐÞ (2¦,4¦,6R,10S )-4,6,10-ÕÓËÏÇÕËÎ-2,4-ÆÑÆÇÍÂÆËÇÐ-7-
ÑÐ ì (6R)-138 Ë ÇÅÑ (6S,10S )-ËÊÑÏÇÓ ì (6S )-138ì ÑÔÐÑÄÐÞÇ
ÍÑÏÒÑÐÇÐÕÞ ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂÜËÕÑÄÍË ÒÓËÏÑÓÔÍÑÌ ÔÑÔÐÞ
(Matsucoccus feytaudi).25 ³ËÐÕÇÊ ÑÔÐÑÄÂÐ ÐÂ àÐÂÐÕËÑÔÇÎÇÍÕËÄ-
ÐÑÏ àÒÑÍÔËÆËÓÑÄÂÐËË ÕÓËÊÂÏÇÜÇÐÐÑÅÑ ÂÎÎËÎÑÄÑÅÑ ÔÒËÓÕÂ
130, ÒÑÎÖÚÇÐÐÑÅÑ Ä ÓÇÊÖÎßÕÂÕÇ ÓâÆÂ ÒÓÇÄÓÂÜÇÐËÌ ËÊ ÂÎÍÇÐÂ
67. ±ÑÔÎÇÆÑÄÂÕÇÎßÐÑÔÕß ÓÇÂÍÙËÌ ÄÍÎáÚÂÇÕ ÑÊÑÐÑÎËÊ Ë ÄÑÔ-
ÔÕÂÐÑÄÎÇÐËÇ, ÍÑÐÆÇÐÔÂÙËá ÒÑ £ËÕÕËÅÖ ÑÃÓÂÊÑÄÂÄÛÇÅÑÔâ ÂÎß-
ÆÇÅËÆÂ 127 Ô ×ÑÔ×ÑÓÂÐÑÏ 128 Ë ÒÑÔÎÇÆÖáÜÇÇ ÄÑÔÔÕÂÐÑÄÎÇÐËÇ
à×ËÓÂ 129 LiAlH4 . ´ÓÂÐÔ×ÑÓÏÂÙËâ ÅËÆÓÑÍÔËÎßÐÑÌ ÅÓÖÒÒÞ
ÔÑÇÆËÐÇÐËâ (2R)-131 Ä ÂÎßÆÇÅËÆÐÖá Ë ÑÎÇ×ËÐËÓÑÄÂÐËÇ ÒÑ
£ËÕÕËÅÖ ÒÓËÄÇÎË Í ÔÑÇÆËÐÇÐËá 132, ÓÂÔÍÓÞÕËÇ àÒÑÍÔËÆÐÑÅÑ
ÍÑÎßÙÂ ÍÑÕÑÓÑÅÑ ÒÓÑËÔØÑÆËÕ Ô ËÐÄÇÓÔËÇÌ ØËÓÂÎßÐÑÅÑ ÙÇÐÕÓÂ
Ö ÂÕÑÏÂ ³(4). £ÔÇ ÆÂÎßÐÇÌÛËÇ ÒÓÇÄÓÂÜÇÐËâ ÐÂ ÒÖÕË ÑÕ
ÔÑÇÆËÐÇÐËâ 133 Í (6R)-138 ÒÓÑËÔØÑÆâÕ ÃÇÊ ËÊÏÇÐÇÐËâ ÍÑÐ×Ë-
ÅÖÓÂÙËË ÖÅÎÇÓÑÆÐÞØ ÂÕÑÏÑÄ. ¥Îâ ÆÑÔÕÓÑÌÍË ÖÅÎÇÓÑÆÐÑÌ ÙÇÒË
ÔÑÇÆËÐÇÐËâ 133 ÃÞÎÂ ËÔÒÑÎßÊÑÄÂÐÂ ÓÇÂÍÙËâ ·ÑÓÐÇÓÂ
(ÔØÇÏÂ 6).

±ÓË ËÔÒÑÎßÊÑÄÂÐËË ÐÂ ÔÕÂÆËË àÒÑÍÔËÆËÓÑÄÂÐËâ
L-(+)-ÆËàÕËÎÕÂÓÕÓÂÕÂ ÒÑ ÂÐÂÎÑÅËÚÐÑÌ ÔØÇÏÇ ÚÇÓÇÊ ÒÓÑÏÇÉÖ-
ÕÑÚÐÑÇ ÔÑÇÆËÐÇÐËÇ (2S )-131 ÒÑÎÖÚÇÐ ËÊÑÏÇÓ (6S,10S )-138
(ÔØÇÏÂ 7).

¯Â ÑÔÐÑÄÇ ÙËÕÓÑÐÇÎÎËÎÕÑÊËÎÂÕÂ (R)-19 Ë ÃÓÑÏËÆÂ 141
ÔËÐÕÇÊËÓÑÄÂÐÞ ÑÃÂ ÔÕÇÓÇÑËÊÑÏÇÓÂ 4-ÏÇÕËÎÐÑÐÂÐ-1-ÑÎÂ (140),
ËÊ ÍÑÕÑÓÞØ (R)-àÐÂÐÕËÑÏÇÓ âÄÎâÇÕÔâ ÒÑÎÑÄÞÏ ×ÇÓÑÏÑÐÑÏ
ÃÑÎßÛÑÅÑ ÏÖÚÐÑÅÑ ØÓÖÜÂÍÂ (Tenebrio molitor L.).26

j ) H2/Pd/C; k) HCl; l ) HBr/AcOH; m) KOH; n) Li/CuI;

e) LiBr; f ) EtOH/H+; g) Me2CO/H+; h) LiAlH4; i ) NaI;

²ÇÂÅÇÐÕÞ: a) [Me(CH2)5]2CuLi; b) O3/CHCl3; c) NaBH4; d ) TsCl/Py;

o) 121; p) AcCl/Py.

Br
(CH2)7Me

123

123 (2S,3S,7S)-17
n7p

66%

122

HO
(CH2)7Me

b, c

89%
20

a

80%
(R)-19

d, e

80%

HO

HO CO2H

CO2H

H

H

124

f, g

H

H

CO2Et

CO2EtO

O

h, d

60%

H

H
O

O

OTs

OTs

i7k

53.5%
Me

AcO Me

Br

H

H
HO

HO Me

Me

H

H

l

86%

m

42%

121

a

90%

b, c

57%OMs
125

67

²ÇÂÅÇÐÕÞ: a) LiAlH4; b) MCPBA; c) HIO4; d ) EtMgBr; e) K2Cr2O7.

d, e

47%OHC

O (S)-126127

67
a, b O c

77%
127

CO2Et
129

d

98%
OH

130

e

48%

f, g, c

62%
O

CO2Et

132

h

71%
OH

O
131

HO133

CO2Et CO2Et

OX134

d, f, g, j

83%

i

87%

OX

CO2Me

135

d

78%
OX

OH

136

k, d, l, m

61%

137 OH (6R)-138 O

f, g

85%

X= SiMe2But.

j ) (MeO)2P(O)CH2COOMe/BunLi; k) SO3/Py; l ) Bu4NF; m) HPLC.

f ) (COCl)27DMSO; g) Et3N; h) [Pd2(dba)3 .CHCl3]/PPh3 (dba 7 ÆËÃÇÐÊÑËÎÂÙÇÕÑÐ); i ) ButMe3SiCl/ËÏËÆÂÊÑÎ;

²ÇÂÅÇÐÕÞ: a) O3/NaHCO3; b) Me2S; c) Ph3P=C(Me)CO2Et (128); d ) LiAlH4; e) D-(7)-ÆËàÕËÎÕÂÓÕÓÂÕ (D-(7)-DET)/Ti(OPri)4/ButOOH;

³ØÇÏÂ 6
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ªÊÑÏÇÓ (S )-140 ÒÑÎÖÚÇÐ ÑÍËÔÎËÕÇÎßÐÞÏ ÓÂÔÜÇÒÎÇÐËÇÏ ÆÄÑÌ-
ÐÑÌ ÔÄâÊË Ä ÔÑÇÆËÐÇÐËË 139 ì ÒÓÑÆÖÍÕÇ ÍÑÐÆÇÐÔÂÙËË ÕÑÊË-
ÎÂÕÂ (R)-19 Ô PrnMgBr.

³ËÐÕÇÊ àÐÂÐÕËÑÏÇÓÂ (R)-140 ÄÞÒÑÎÐÇÐ ÒÑ ÔØÇÏÇ, ÍÑÕÑÓÂâ
ÄÍÎáÚÂÇÕ ÕÓÂÐÔ×ÑÓÏÂÙËá (R)-141 Ä ÏÇÕËÎÑÄÞÌ à×ËÓ ÅÑÏÑ-
ÙËÕÓÑÐÇÎÎÑÄÑÌ ÍËÔÎÑÕÞ 110, ÑÍËÔÎËÕÇÎßÐÑÇ ÓÂÔÜÇÒÎÇÐËÇ
ÍÓÂÕÐÑÌ ÔÄâÊË Ä ÐÇÏ Ô ÑÃÓÂÊÑÄÂÐËÇÏ ÂÎßÆÇÅËÆÂ 142, ÒÓÇÄÓÂ-
ÜÇÐËÇ ÒÑÔÎÇÆÐÇÅÑ Ä ÕÑÊËÎÂÕ 143, ÔÑÚÇÕÂáÜËÌÔâ Ô Et2CuLi.
£ÑÔÔÕÂÐÑÄÎÇÐËÇ ÍÂÓÃÑÍÔËÎßÐÑÌ ÅÓÖÒÒÞ ÒÓËÄÑÆËÕ Í ÙÇÎÇÄÑÏÖ
ÔÑÇÆËÐÇÐËá.

¢ÓÑÏËÆ 141 ÑÍÂÊÂÎÔâ ÖÆÑÃÐÞÏ ËÔØÑÆÐÞÏ ÔÑÇÆËÐÇÐËÇÏ Ä
ÔËÐÕÇÊÇ (R)-ÕÓÑÅÑÆÇÓÏÂÎÇÌ 93 Z- Ë E-ÍÑÐ×ËÅÖÓÂÙËË.27 ´ÓÂÐÔ-
×ÑÓÏÂÙËâ (R)-141 Ä ØËÓÂÎßÐÞÌ ÔËÐÕÑÐ 145 ÄÍÎáÚÂÎÂ ÔÕÂÆËË
äÏÂÎÑÐÑÄÑÅÑã ÔËÐÕÇÊÂ Ë ÑÊÑÐÑÎËÊÂ Ô ÒÑÔÎÇÆÖáÜËÏ ÑÍËÔÎÇ-
ÐËÇÏ Ô ÑÃÓÂÊÑÄÂÐËÇÏ ÏÑÐÑà×ËÓÂ ÆËÍËÔÎÑÕÞ 144. ¡ØËÓÂÎß-
ÐÞÌ ÃÎÑÍ 147 ÒÑÎÖÚÇÐ ÑÍËÔÎËÕÇÎßÐÞÏ ÓÂÔÜÇÒÎÇÐËÇÏ ÂÎÇÖÓË-
ÕÑÄÑÌ ÍËÔÎÑÕÞ (146). ¡ÎÍËÎËÓÑÄÂÐËÇ ÂÙÇÕËÎÇÐËÆÂ ÐÂÕÓËâ
ÃÓÑÏËÆÑÏ 147, Â ÊÂÕÇÏ ì ÒÓÑÆÖÍÕÂ ÓÇÂÍÙËË ì ØËÓÂÎßÐÞÏ
ÃÓÑÏËÆÑÏ 145 ÆÂÎÑ ÂÎÍËÐ 148ìÒÓÇÆÛÇÔÕÄÇÐÐËÍ ×ÇÓÑÏÑÐÑÄ,
ÍÑÕÑÓÞÇ ÃÞÎË ÒÑÎÖÚÇÐÞ ËÊ ÐÇÅÑ ÔÕÇÓÇÑÔÇÎÇÍÕËÄÐÞÏ ÅËÆÓË-
ÓÑÄÂÐËÇÏ.

´ÑÕ ÉÇ ÔÂÏÞÌ ÃÓÑÏËÆ (R)-141 ËÔÒÑÎßÊÑÄÂÐ Ä ÔËÐÕÇÊÇ ÄÔÇØ
ÔÕÇÓÇÑËÊÑÏÇÓÑÄ 6,12-ÆËÏÇÕËÎÒÇÐÕÂÆÇÍÂÐ-2-ÑÐÂ (149), ÑÆËÐ ËÊ
ÍÑÕÑÓÞØ âÄÎâÇÕÔâ ÒÑÎÑÄÞÏ ×ÇÓÑÏÑÐÑÏ ÎÇÐÕÑÚÐÑÅÑ ÑÅÖÓÇÚ-
ÐÑÅÑ ÉÖÍÂ (Diabrotica balteata LeConta). ¬ÎáÚÇÄÑÌ ÔÕÂÆËÇÌ
ÔËÐÕÇÊÂ âÄÎâÇÕÔâ ÂÎÍËÎËÓÑÄÂÐËÇ ÔÖÎß×ÑÐÑÄ 150 ËÑÆËÆÂÏË
151 ÔÑÑÕÄÇÕÔÕÄÖáÜÇÌ ÍÑÐ×ËÅÖÓÂÙËË .28

(R)- Ë (S )-¿ÐÂÐÕËÑÏÇÓÞ ËÑÆËÆÂ 151 ÒÓËÅÑÕÑÄÎÇÐÞ
ÔÑÅÎÂÔÐÑ ÓÂÃÑÕÇ 29.

£ ÔËÐÕÇÊÇ ÔÖÎß×ÑÐÂ (S )-150 ÃÓÑÏËÆ (R)-141 ÒÇÓÄÑÐÂ-
ÚÂÎßÐÑ ÒÓÇÄÓÂÜÇÐ Ä ÍÇÕÂÎß 152, ÑÊÑÐÑÎËÊÑÏ Ë ÄÑÔÔÕÂÐÑÄÎÇ-
ÐËÇÏ ÍÑÕÑÓÑÅÑ ÒÑÎÖÚÇÐ ÔÒËÓÕ 153. ±ÑÔÎÇÆÐËÌ ÃÞÎ ÕÓÂÐÔ×ÑÓ-
ÏËÓÑÄÂÐ Ä (S )-150 ÚÇÓÇÊ ÔÕÂÆËá ËÑÆËÆÂ 154. ªÔØÑÆâ ËÊ

a
(R)-19

139

b7d

39%

²ÇÂÅÇÐÕÞ: a) PrnMgBr/Li2CuCl4; b) MCPBA; c) HIO4; d ) LiAlH4.

OH

(S)-140

a7c

44%Br

(R)-141

110
d, e

57%

142

O
CO2Me

f, g

28%

143

TsO
CO2Me

h, i

22%

OH

(R)-140

f ) NaBH4; g) TsCl/Py; h) Et2CuLi; i ) LiAlH4.

²ÇÂÅÇÐÕÞ: a) Mg; b) CO2; c) MeOH/H2SO4; d ) MCPBA; e) HIO4;

a7d

60%
141 HO2C

CO2Et

144

e7g

52%

145
Br

HO(CH2)8
(CH2)7CO2H

OH

OH 146

h, i, g

84%

Br OMe

OMe

147

j7l

71%

OMe

OMe

148

O

O

(R,Z)-93

(R,E)-93

m, n

100%

f, n

78%

²ÇÂÅÇÐÕÞ: a) NaCH(CO2Et)2; b) LiCl/H2O; c) O3/MeOH; d ) H2CrO4;

i ) MeOH/HCl; j )

e) AgNO3/K2S2O8; f ) LiAlH4; g) Br2 .PPh3; h) NaIO4;

n) n-ÕÑÎÖÑÎÔÖÎß×ÑÐÂÕ ÒËÓËÆËÐËâ (PPTs)/H2O.

HC CNa; k) BunLi; l) 145; m) H2/Ni P-2;

O

* *
149

*

OO
PhSO2

150

+
I*

151

130 OH

O

a

²ÇÂÅÇÐÕÞ: a) L-(7)-DET/Ti(OPri)4/ButOOH.

...

(2S)-131

O (6S)-138

³ØÇÏÂ 7

141
a7d

44.5%

152

OO e, f

91%

153

OO
HO

g, h

82%
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ÙËÕÓÑÐÇÎÎËÎÃÓÑÏËÆÂ (S )-141 ÒÑ ÂÐÂÎÑÅËÚÐÑÌ ÔØÇÏÇ ÔËÐÕÇÊË-
ÓÑÄÂÐ ÔÖÎß×ÑÐ (R)-150.

²ÂÊÎËÚÐÞÇ ÄÂÓËÂÐÕÞ ÔÑÚÇÕÂÐËâ ÔÖÎß×ÑÐÑÄ (R)- Ë (S )-150 Ô
ËÑÆËÆÂÏË (R)- Ë (S )-151 ÒÓËÄÇÎË ÒÑÔÎÇ ÆÇÔÖÎß×ÑÐËÎËÓÑÄÂÐËâ
ÒÓÑÆÖÍÕÑÄ ÍÑÐÆÇÐÔÂÙËË ÍÑ ÄÔÇÏ ÚÇÕÞÓÇÏ ÑÒÕËÚÇÔÍËÏ ËÊÑÏÇ-
ÓÂÏ 149.

¯Â ÑÔÐÑÄÇ ÙËÕÓÑÐÇÎÎËÎÂÙÇÕÂÕÂ (R)-6 ÓÂÊÓÂÃÑÕÂÐ ÔËÐÕÇÊ
(3R)-ÏÇÕËÎ-6-(R,S )-ËÊÑÒÓÑÒÇÐËÎ-9-ÆÇÙÇÐ-1-ËÎÂÙÇÕÂÕÂ (R)-
157 ì ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÍÓÂÔÐÑÌ ÍÂÎË×ÑÓÐËÌÔÍÑÌ
ÜËÕÑÄÍË (Aonidiella aurantii).30 ¬ÎáÚÇÄÑÌ ÔÕÂÆËÇÌ âÄÎâÇÕÔâ
ÍÂÕÂÎËÊËÓÖÇÏÂâ AlCl3 ÓÇÂÍÙËâ ÏÇÕËÎÑÄÑÅÑ à×ËÓÂ ÒÓÑÒËÑÎÑ-
ÄÑÌ ÍËÔÎÑÕÞ Ô ÂÙÇÕÂÕÑÏ 6, ÍÑÕÑÓÂâ ÒÓËÄÑÆËÕ Í ÆËà×ËÓÖ 155
(ÔÏÇÔß ÆËÂÔÕÇÓÇÑÏÇÓÑÄ 1 : 1). ªÊÃËÓÂÕÇÎßÐÑÇ ÄÑÔÔÕÂÐÑÄÎÇÐËÇ
Ä 155 ÆÄÑÌÐÑÌ ÔÄâÊË, ÔÑÒÓâÉÇÐÐÑÌ Ô ÍÂÓÃÑÍÔËÎßÐÑÌ ÅÓÖÒÒÑÌ Ë
ÒÑÔÎÇÆÖáÜÇÇ ÒÑÔÕÓÑÇÐËÇ ÃÖÕÇÐËÎßÐÑÅÑ ×ÓÂÅÏÇÐÕÂ ÚÇÓÇÊ
ÒÓÑÏÇÉÖÕÑÚÐÞÌ ÅËÆÓÑÍÔËÔÖÎß×ÑÐ 156 ÒÓËÄÇÎË Ä ËÕÑÅÇ Í
ÙÇÎÇÄÑÏÖ (R)-157. ¡ÐÂÎÑÅËÚÐÞÌ ÔËÐÕÇÊ ËÔØÑÆâ ËÊ (S )-ÙËÕÓÑ-
ÐÇÎÎËÎÂÙÇÕÂÕÂ 6 ÒÓËÄÑÆËÕ Í (S )-157.

°ÊÑÐÑÎËÊ-ÄÑÔÔÕÂÐÑÄÎÇÐËÇ ÂÙÇÕÂÕÂ (R)-6 ÆÂÇÕ ÂÎßÆÇÅËÆ 73,
ÍÑÕÑÓÞÌ ËÔÒÑÎßÊÑÄÂÐ Ä ÔËÐÕÇÊÇ (10R)-ÏÇÕËÎÕÓËÆÇÍÂÐ-2-ÑÐÂ
(158) ì ×ÇÓÑÏÑÐÂ ÉÖÍÂ-ÎËÔÕÑÇÆÂ ÑÆËÐÐÂÆÙÂÕËÕÑÚÇÚÐÑÅÑ
(Diabrotica undecimpunctata howardi). ¡ÙÇÕÑÍÔËÂÎßÆÇÅËÆ 73
ÒÑÔÎÇ ÄÑÔÔÕÂÐÑÄÎÇÐËâ ÒÑ ¬ËÉÐÇÓÖ ÒÇÓÇÄÇÆÇÐ Ä ËÑÆËÆ 151,
ÔÑÚÇÕÂÐËÇ ÍÑÕÑÓÑÅÑ Ô ÂÙÇÕËÎÇÐËÆÑÏ 159 Ë ÒÑÔÎÇÆÖáÜËÇ
ÔÕÂÐÆÂÓÕÐÞÇ ÑÒÇÓÂÙËË ÒÓËÄÇÎË Í ÙÇÎÇÄÑÏÖ ÍÇÕÑÐÖ
(R)-158.29, 31

¥ÓÖÅÑÌ ÒÓÑÆÖÍÕ ÑÊÑÐÑÎËÊÂ-ÄÑÔÔÕÂÐÑÄÎÇÐËâ (R)-6 ì
ÅËÆÓÑÍÔËÂÙÇÕÂÕ 160, ÒÓÇÄÓÂÜÇÐÐÞÌ ÆÂÎÇÇ Ä ÕÑÊËÎÂÕ 161,
ÐÂÛÇÎ ÒÓËÏÇÐÇÐËÇ Ä ÔËÐÕÇÊÇ (14R)-ÏÇÕËÎ-1-ÑÍÕÂÆÇÙÇÐÂ (162),
ÂÐÕËÒÑÆÂ ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÒÇÓÔËÍÑÄÑÅÑ ÎËÔÕÑÄÑÅÑ ÏËÐÇÓÂ
(Lyonetia clerkella).32 ±ÑÔÎÇÆÑÄÂÕÇÎßÐÑÇ ÂÎÍËÎËÓÑÄÂÐËÇ ÆËÏÇ-
ÕËÎ- Ë ÆË(ÖÐÆÇÙ-10-ÇÐËÎ)ÎËÕËÌÍÖÒÓÂÕÂÏË ÊÂÄÇÓÛËÎÑ ÔËÐÕÇÊ
àÐÂÐÕËÑÏÇÓÂ (R)-162.

(R)-151

(S)-151

(R)-151 +
OO

PhSO2

(R)-150

a7c

(S)-151 + (R)-150
a7c

²ÇÂÅÇÐÕÞ: a) BunLi; b) Na7Hg; c) HCl7H2O.

O

(6R,12R)-149

O

(6R,12S)-149

O

(6S,12R)-149

O

(6S,12S)-149

+ (S)-150
a7c

54%I

I
+ (S)-150

a7c

(R)-6

OAc

CO2Me

c, d

OH

CHCH2SO2PhHO

e, f, e

156

OAc

(R)-157

c) PhSO2CH2Li; d ) NaBH4; e) Ac2O/Py; f ) Na7Hg.

²ÇÂÅÇÐÕÞ: a) HC CCO2Me/AlCl3; b) Fe(CO)5/NaOH;

a
OAc

CO2Me 155

b

6
a, b

73
c7f

47%
151

g7j

42%

O

(R)-158

h) H3O+; i ) H2/Pd/C; j ) H2CrO4.

e) TsCl/ Py; f ) NaI; g)

²ÇÂÅÇÐÕÞ: a) O3/MeOH; b) Me2S; c) NH2NH2
.H2O; d ) KOH;

LiC C

OTHP

(159);

e) O3; f ) NaBH4; g) TsCl/Py; h) NaI/NaHCO3; i ) NaSO2Ph.

²ÇÂÅÇÐÕÞ: a) CO2Et/NaH; b) KOH; c) HCl; d )
O

OO

OMe

/TsOH;

154

OO
I i

(S)-150

OO
PhSO2

6
a, b HO

OAc
160

c

TsO
OAc

161

d, e, c, f

76%
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£ ÓÂÃÑÕÇ 32 ÆÎâ ÒÑÎÖÚÇÐËâ ×ÇÓÑÏÑÐÂ (S )-162 ÕÑÊËÎÂÕ 161
ÂÎÍËÎËÓÑÄÂÎË Ä ÑÃÓÂÕÐÑÏ ÒÑÓâÆÍÇ: ÔÐÂÚÂÎÂ ÒÑÔÕÓÑËÎË ÂÎÍÇ-
ÐÑÄÖá ÚÂÔÕß ÏÑÎÇÍÖÎÞ (ÔØÇÏÂ 8), Â ÊÂÕÇÏ, ÒÑÔÎÇ ÒÓÇÄÓÂÜÇÐËâ
ÂÙÇÕÂÕÐÑÌ ÅÓÖÒÒÞ Ä ÕÑÊËÎÂÕ, ÒÓÑÄÇÎË ÓÇÂÍÙËá Ô ÆËàÕËÎ-
ÎËÕËÌÍÖÒÓÂÕÑÏ.

°ÃÓÂÊÖáÜËÌÔâ ÒÓË ÑÍËÔÎÇÐËË ÂÙÇÕÂÕÂ (R)-6 ÒÑ ºÂÓÒ-
ÎÇÔÔÖ 8 ÂÎÎËÎÑÄÞÌ ÔÒËÓÕ 163 ËÔÒÑÎßÊÑÄÂÐ ÆÎâ ÄÄÇÆÇÐËâ (8R)-
ØËÓÂÎßÐÑÅÑ ÙÇÐÕÓÂ Ä ÔËÐÕÇÊÇ (2R,8R)- Ë (2S,8R)-ÔÕÇÓÇÑËÊÑÏÇ-
ÓÑÄ 8-ÏÇÕËÎÆÇÙ-2-ËÎÒÓÑÒËÑÐÂÕÂ (170) ì ×ÇÓÑÏÑÐÂ ÃÎÑÛÍË
ÆÎËÐÐÑÖÔÑÌ ÊÂÒÂÆÐÑÌ (Diabrotica virgifera virgifera).33 ¥Îâ
àÕÑÌ ÙÇÎË ÑÐ ÃÞÎ ÕÓÂÐÔ×ÑÓÏËÓÑÄÂÐ Ä ÃÓÑÏËÆ 164. ¬ÎáÚÇ-
ÄÞÏ ÔÑÇÆËÐÇÐËÇÏ ÆÎâ ÒÑÔÕÓÑÇÐËâ ÄÕÑÓÑÅÑ ØËÓÂÎßÐÑÅÑ ×ÓÂÅ-
ÏÇÐÕÂ ÔÕÂÎ ÅËÆÓÑÍÔËà×ËÓ (R)-166, ÍÑÕÑÓÞÌ ÃÞÎ ÔËÐÕÇÊËÓÑÄÂÐ
ÅËÆÓÑÎËÊÑÏ (R)-ÒÑÎË-b-ÅËÆÓÑÍÔËÃÖÕËÓÂÕÂ 165. ªÑÆËÆ (S )-82
ÃÞÎ ÒÑÎÖÚÇÐ ×ÇÓÏÇÐÕÂÕËÄÐÞÏ ÄÑÔÔÕÂÐÑÄÎÇÐËÇÏ ÍÇÕÑà×ËÓÂ

167. ±ÑÔÎÇÆÑÄÂÕÇÎßÐÞÏ ÂÎÍËÎËÓÑÄÂÐËÇÏ ÆËÕËÂÐÂ 168 ÔÐÂ-
ÚÂÎÂ ÃÓÑÏËÆÑÏ 164, Â ÊÂÕÇÏ (R)- ËÎË (S )-ËÑÆËÆÂÏË 82 Ë
ÒÑÔÎÇÆÖáÜÇÌ ÆÇÔÖÎß×ÖÓËÊÂÙËÇÌ ÔÑÇÆËÐÇÐËÌ 169Â Ë 169b
ÒÑÎÖÚÇÐÞ (2R,8R)- Ë (2S,8R)-170 ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ (ÔØÇÏÂ 9).

ªÔØÑÆâ ËÊ ÙËÕÓÑÐÇÎÎÂÎâ 5 ÔËÐÕÇÊËÓÑÄÂÐÞ (5S/R,9S )-
ÆËÏÇÕËÎÅÇÒÕÂÆÇÍÂÐ (175) Ë (5S/R,9S )-ÆËÏÇÕËÎÒÇÐÕÂÆÇÍÂÐ
(176) ì ÒÑÎÑÄÞÇ ×ÇÓÑÏÑÐÞ Leucoptera sciella Ë Perileucoptera
coffeella ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ. ³ØÇÏÞ ÔËÐÕÇÊÂ ÄÍÎáÚÂáÕ ÑÎÇ×ËÐË-
ÓÑÄÂÐËÇ ÒÑ £ËÕÕËÅÖ ÂÎßÆÇÅËÆÂ 5, ÔÇÎÇÍÕËÄÐÑÇ ÂÎÎËÎßÐÑÇ
ÑÍËÔÎÇÐËÇ ÒÓÑÆÖÍÕÑÄ ÓÇÂÍÙËË 171 Ë 172 Ë ÒÑÄÕÑÓÐÑÇ ÑÎÇ×Ë-
ÐËÓÑÄÂÐËÇ ÒÑÎÖÚÇÐÐÞØ ÂÎßÆÇÅËÆÑÄ 173 Ë 174.34

¸ËÕÓÑÐÇÎÎÂÎß (R)-5 ÃÞÎ ÕÂÍÉÇ ËÔÒÑÎßÊÑÄÂÐ Ä ÔËÐÕÇÊÇZ- Ë
E-ÕÓÑÅÑÆÇÓÏÂÎÇÌ (R)-93. ¡ÎßÆÇÅËÆ 5 ÍÑÐÆÇÐÔËÓÖáÕ ÒÑ ¥ÇÃ-

5
a

R
171, 172

b, c

70%

R=H (172, 174, 176, 178), Et (171, 173, 175, 177).

OHC R
173, 174

d, e

41.5%

Bu R
175, 176

d ) [PrnPPh3]Br/NaOMe; e) H2/Pd/C.

²ÇÂÅÇÐÕÞ: a) [R(CH2)4PPh3]Br (177, 178)/NaOMe; b) SeO2; c) PCC;

(CH2)9
(R)-162

e) NaOH/MeOH; f ) [H2C=CH(CH2)9]2CuLi.

²ÇÂÅÇÐÕÞ: a) O3/MeOH; b) NaBH4; c) TsCl/Py; d ) Me2CuLi;

a7d
161 (CH2)11

(S)-162

c) TsCl/Py; d ) Et2CuLi.

²ÇÂÅÇÐÕÞ: a) [H2C=CH(CH2)8]2CuLi; b) NaOH/MeOH;

³ØÇÏÂ 8

(R)-6

n

O

O

OH

O

H

165

i

(R)-166

CO2Me

OH
j, k, g, l

(R)-82

167

CO2Me

O OH
m

(S)-166

CO2Me
j, k, g, l

(S)-82

q7s

OCEt

O(2R,8R)-170

OTHP

q7s

OCEt

O(2S,8R)-170

OTHP

n, o, n, p

47%

n, o, n, t

46%

k) LiAlH4; l)NaI;m) ÒÇÍÂÓÔÍËÇ ÆÓÑÉÉË (B.Y.); n) BunLi; o) 164; p) (R)-82; q)Ni Raney (Ni7Ra)/EtOH; r)H3O+; s) EtCOCl/Py; t ) (S)-82.

²ÇÂÅÇÐÕÞ: a) Ph2Se2/H2O2; b) ButOOH; c) O3/MeOH; d ) Me2S; e) NH2NH2
.H2O; f ) KOH/H2O; g) TsCl/Py; h) LiBr; i ) hn/H3O+; j ) DHP/TsOH;

a, b

85%
OAc

OH 163

c7h

38%
Br

164

S S

169a

S S

168

S S

169b

³ØÇÏÂ 9
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ÐÇÓÖ Ô ÏÂÎÑÐÑÄÑÌ ÍËÔÎÑÕÑÌ Ë ÊÂÕÇÏ ÒÓÇÄÓÂÜÂáÕ ÆËÇÐÑÄÞÌ
à×ËÓ 179 Ä Z- ËÎË E-ÑÎÇ×ËÐÞ 93 Ä ÓÇÊÖÎßÕÂÕÇ ÒÑÔÎÇÆÑÄÂÕÇÎß-
ÐÑÔÕË ÓÇÂÍÙËÌ, ÄÍÎáÚÂáÜËØ ÄÑÔÔÕÂÐÑÄÎÇÐËÇ ÆÄÑÌÐÑÌ ÔÄâÊË,
ÔÑÒÓâÉÇÐÐÑÌ ÔÑ ÔÎÑÉÐÑà×ËÓÐÑÌ ÅÓÖÒÒÑÌ, ÑÊÑÐÑÎËÊ-ÑÍËÔÎÇ-
ÐËÇ ÂÙÇÕÂÕÂ 103 Ë ÔÕÇÓÇÑÔÇÎÇÍÕËÄÐÑÇ ÅËÆÓËÓÑÄÂÐËÇ ÂÙÇÕËÎÇÐÂ
92.35

±ÓÑËÊÄÑÆÐÑÇ ÙËÕÓÑÐÇÎÎÂÎâ (R)-180 ÒÑÔÎÖÉËÎÑ ËÔØÑÆÐÞÏ
ÔÑÇÆËÐÇÐËÇÏ Ä ÔËÐÕÇÊÇ 4,8-ÆËÏÇÕËÎÆÇÍÂÐÂÎâ 29, ÍÑÐ×ËÅÖÓÂ-
ÙËÑÐÐÑ ÑÆÐÑÓÑÆÐÑÅÑ ÒÑ ÂÕÑÏÖ ³(8).36 ¥ÇÅËÆÓÂÕÂÙËâ ÅËÆÓÑÍ-
ÔËÂÎßÆÇÅËÆÂ 180 ÆÂÎÂ ÓÑÆËÐÂÎß 181, ÍÑÕÑÓÞÌ ÃÞÎ ÒÓÇÄÓÂÜÇÐ
ÒÑ ¬ËÉÐÇÓÖ Ä ÑÎÇ×ËÐ 182. ¤ÑÏÑÎÑÅËÊÂÙËâ ÃÓÑÏËÆÂ 183,
ÒÑÎÖÚÇÐÐÑÅÑ ËÊ ÔÑÇÆËÐÇÐËâ 182 Ä ÆÄÇ ÔÕÂÆËË, ÑÕÍÓÞÎÂ ÒÖÕß Í
ÙÇÎÇÄÑÏÖ (4R/S,8S )-29.

´ÓÂÐÔ×ÑÓÏÂÙËâ ÒÖÎÇÅÑÐÂ 1 Ô ÒÑÏÑÜßá ÓÇÂÍÙËË
¢ÂÌÇÓÂ ë£ËÎÎËÅÇÓÂ ÒÓËÏÇÐÇÐÂ Ä ÔËÐÕÇÊÇ ÆÄÖØ ÔÕÇÓÇÑËÊÑÏÇÓ-
ÐÞØ 3,7-ÆËÏÇÕËÎÐÑÐÂÆÇÍÂÐÑÄ (3S,7R/S )- Ë (3R/S,7S )-69.37

±ÓË ÄÄÇÆÇÐËË ÍÇÕÂÎßÐÑÌ ÊÂÜËÕÐÑÌ ÅÓÖÒÒÞ Ä ÖÔÎÑÄËâØ
ÍËÔÎÑÕÐÑÅÑ ÍÂÕÂÎËÊÂ Ä ÔÑÇÆËÐÇÐËË 1 ÒÓÑËÔØÑÆËÕ ÔÆÄËÅ ÆÄÑÌ-
ÐÑÌ ÔÄâÊË Ä ÕÇÓÏËÐÂÎßÐÑÇ ÒÑÎÑÉÇÐËÇ. ¤ËÆÓÑÃÑÓËÓÑÄÂÐËÇ
ÒÑÎÖÚÇÐÐÑÅÑ a-ÑÎÇ×ËÐÂ 184 Ë ÒÑÔÎÇÆÖáÜÇÇ ÑÍËÔÎÇÐËÇ ÆÂÇÕ
ÔÒËÓÕ 185, ËÔØÑÆÐÞÌ ÆÎâ ÑÃÑËØ ÔËÐÕÇÊÑÄ.

¥Îâ ÒÑÎÖÚÇÐËâ ÔÕÇÓÇÑËÊÑÏÇÓÂ (3R/S,7S)-69 ÅËÆÓÑÍÔËÍÇ-
ÕÂÎß 185 ÚÇÓÇÊ ÕÑÊËÎÂÕ 186 ÒÓÇÄÓÂÜÂáÕ Ä ÍÇÕÑÐ 187. ±ÑÎÖ-
ÚÇÐÐÞÌ ËÊ ÐÇÅÑ Ä ÓÇÊÖÎßÕÂÕÇ ÓÇÅËÑÔÇÎÇÍÕËÄÐÑÌ ÓÇÂÍÙËË
¢ÂÌÇÓÂ ë£ËÎÎËÅÇÓÂ ÎÂÍÕÑÐ 188 ÕÓÂÐÔ×ÑÓÏËÓÑÄÂÐ Ä
(3R/S,7R)-69 ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÔÕßá ÓÇÂÍÙËÌ, ÄÍÎáÚÂáÜÇÌ
ÍËÔÎÑÕÐÑÇ ÓÂÔÜÇÒÎÇÐËÇ 188, ÑÆÐÑÄÓÇÏÇÐÐÑÇ ÄÑÔÔÕÂÐÑÄÎÇÐËÇ
ÔÎÑÉÐÑà×ËÓÐÑÌ Ë ÕÑÊËÎÑÍÔËÅÓÖÒÒ Ä ÔÑÇÆËÐÇÐËË 189 Ë ÓÇÂÍ-
ÙËá £ËÕÕËÅÂ ÏÇÉÆÖ ÂÎßÆÇÅËÆÑÏ 190 Ë ×ÑÔ×ÑÓÂÐÑÏ 191.37

£ ÔËÐÕÇÊÇ ËÊÑÏÇÓÂ (3S,7R/S )-69 ÂÎßÆÇÅËÆ 192, ÒÑÎÖÚÇÐÐÞÌ
ËÊ ÔÒËÓÕÂ 185, ÑÎÇ×ËÐËÓÖáÕ ËÎËÆÑÏ 193. ±ÓÑÆÖÍÕ ÓÇÂÍÙËË
194 ÕÓÂÐÔ×ÑÓÏËÓÖáÕ Ä ÍÇÕÑÐ 195, ÍÑÕÑÓÞÌ ÊÂÕÇÏ ÑÍËÔÎâáÕ
ÒÑ ÓÇÂÍÙËË ¢ÂÌÇÓÂ ë£ËÎÎËÅÇÓÂ. °ÃÓÂÊÖáÜËÌÔâ ÎÂÍÕÑÐ 196
ÒÓÇÄÓÂÜÂáÕ Ä ÆËÑÎ 197 Ë ÆÂÎÇÇ Ä ÆËÃÓÑÏËÆ 198, ÅËÆÓËÆÐÑÇ
ÄÑÔÔÕÂÐÑÄÎÇÐËÇ ÍÑÕÑÓÑÅÑ ÆÂÇÕ (3S,7R/S )-69.37

5
a, b

68%
O

OMe

179

c, d

65%

e, f

33%OAc
103

j

73%

(R)-92

(R,Z)-93

(R,E)-93

k, l

84%

m, l

80%

g, h

HO2C OAc

i

OH

Br
145

i ) Br2 .PPh3; j )

d ) Ac2O/Py; e) O3; f ) CrO3; g) K2S2O8/AgNO3; h) KOH;

²ÇÂÅÇÐÕÞ: a) CH2(CO2H)2; b) MeOH/TsOH; c) Li/NH3/EtOH;

l ) PCC; m) Na/NH3/EtOH.

LiC C(CH2)7OTHP; k) H2/Ni7Ra;

1
a

87%

O

O

184

b, c

82%

O

O

OH

185

c) H2O2/NaOH.

²ÇÂÅÇÐÕÞ: a) (CH2OH)2/TsOH; b) B2H6 ËÎË 9-BBN;

b, c

73%

a

98%
185

186

O

O

OTs
187

O

d

100%

O
O

188

e, a

75%

189

OTs

CO2Me
f, g

28%

O
190

h, i

94%

(CH2)11Me
(3R/S,7S)-69

h) Me(CH2)8CH=PPh3 (191); i ) H2/Pd/C.

e) MeOH/H2SO4; f ) LiAlH4; g) PCC;

²ÇÂÅÇÐÕÞ: a) TsCl/Py; b) Me2CuLi; c) HCl7H2O; d ) MCPBA;

O
OH 180

a
O

181

b

94%

182

c7e

73.6%

Br

183

f7i

71%

O

(4R/S,8S)-29

g) AcOK; h) LiAlH4; i ) PCC.

d ) H2O2/NaOH; e) Br2 .PPh3; f ) CH2(CO2Et)2/NaH;

²ÇÂÅÇÐÕÞ: a) Al2O3, 3508C; b) NH2NH2
.H2O/KOH; c) B2H6;
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III. ³ËÐÕÇÊÞ ÐÂ ÑÔÐÑÄÇ aa- Ë bb-ÒËÐÇÐÑÄ
£ ÔËÐÕÇÊÇ ×ÇÓÑÏÑÐÑÄ ÃÞÎË ËÔÒÑÎßÊÑÄÂÐÞ ÕÂÍÉÇ a- Ë
b-ÒËÐÇÐÞ. ®ÇÕÑÆÞ ËØ ×ÖÐÍÙËÑÐÂÎËÊÂÙËË ÏÑÅÖÕ ÃÞÕß ÓÂÊÆÇ-
ÎÇÐÞ ÐÂ ÕÓË ÕËÒÂ: 1) ÃÇÊ ÓÂÔÜÇÒÎÇÐËâ ÙËÍÎÑÄ; 2) Ô ÔÑØÓÂÐÇ-
ÐËÇÏ ÏÂÎÑÅÑ ÙËÍÎÂ; 3) Ô ÓÂÔÍÓÞÕËÇÏ ÑÃÑËØ ÙËÍÎÑÄ.

1. ²ÇÂÍÙËË ÃÇÊ ÓÂÔÜÇÒÎÇÐËâ ÙËÍÎÑÄ

±ÇÓÄÞÌ ÕËÒ ÒÓÇÄÓÂÜÇÐËÌ ÏÑÉÇÕ ÃÞÕß ÒÓÑËÎÎáÔÕÓËÓÑÄÂÐ
ÔËÐÕÇÊÑÏ ÙËÔ- Ë ÕÓÂÐÔ-ÄÇÓÃÇÐÑÎÑÄ (200), ÑÃÐÂÓÖÉÇÐÐÞØ Ä
ÔÑÔÕÂÄÇ ÂÅÓÇÅÂÙËÑÐÐÞØ ×ÇÓÑÏÑÐÑÄ ÏÐÑÅËØ ÄËÆÑÄ ÍÑÓÑÇÆÑÄ

Ips Ë ÎÖÃÑÇÆÑÄ Dendroctonus. ·ËÓÂÎßÐÞÇ ÕÓÂÐÔ-200 ÒÑÎÖÚÇÐÞ
ÂÎÎËÎßÐÞÏ ÑÍËÔÎÇÐËÇÏ ÔÑÑÕÄÇÕÔÕÄÖáÜËØ àÐÂÐÕËÑÏÇÓÑÄ
a-ÒËÐÇÐÂ (199),38, 39 Â ÙËÔ-200 ì ÑÍËÔÎÇÐËÇÏ ÒÑ ¥ÉÑÐÔÖ
ÕÓÂÐÔ-ÄÇÓÃÇÐÑÎÑÄ (200) Ä ÄÇÓÃÇÐÑÐÞ (201) Ô ÒÑÔÎÇÆÖáÜËÏ
ÄÑÔÔÕÂÐÑÄÎÇÐËÇÏ NaBH4 (ÔÏ.40, 41) ËÎË LiAlH4 (ÔÏ.42).

ÙËÔ-£ÇÓÃÇÐËÎÂÙÇÕÂÕ (202) Ë ÙËÔ-ÄÇÓÃÇÐËÎÒÓÑÒËÑÐÂÕ (203),
âÄÎâáÜËÇÔâ à××ÇÍÕËÄÐÞÏË ÂÕÕÓÂÍÕÂÐÕÂÏË ÆÎâ ÕÂÓÂÍÂÐÑÄ,
ÔËÐÕÇÊËÓÑÄÂÎË ÑÍËÔÎÇÐËÇÏ a-ÒËÐÇÐÂ (199) ÕÇÕÓÂÂÙÇÕÂÕÑÏ ËÎË
ÕÇÕÓÂÒÓÑÒËÑÐÂÕÑÏ ÔÄËÐÙÂ ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ.43

±ÓÑÆÖÍÕ ÑÊÑÐÑÎËÊÂ b-ÒËÐÇÐÂ (204) ì ÐÑÒËÐÑÐ (205)
ÐÂÛÇÎ ÛËÓÑÍÑÇ ÒÓËÏÇÐÇÐËÇ Ä ÔËÐÕÇÊÇ ×ÇÓÑÏÑÐÑÄ ÐÂÔÇÍÑ-
ÏÞØ.44 ë 46 ¯ÂÒÓËÏÇÓ, ÃËÙËÍÎËÚÇÔÍËÌ ÒÓÑÒËÑÐÂÕ 208, ÑÃÎÂ-
ÆÂáÜËÌ ÂÍÕËÄÐÑÔÕßá ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÕÂÓÂÍÂÐÑÄ,
ÒÑÎÖÚÂáÕ ÕÓÂÐÔ×ÑÓÏÂÙËÇÌ ÍÇÕÑÐÂ 205 ÚÇÓÇÊ ÔÑÑÕÄÇÕÔÕÄÖá-
ÜËÌ ÏÑÐÑÃÓÑÏËÆ 206 Ä ÂÒÑÄÇÓÃÇÐÑÐ 207.44

2. ²ÇÂÍÙËË Ô ÔÑØÓÂÐÇÐËÇÏ ÚÇÕÞÓÇØÚÎÇÐÐÑÅÑ ÙËÍÎÂ

¬ÇÕÑÐ 205 ÒÑÔÎÖÉËÎ ÕÂÍÉÇ ËÔØÑÆÐÞÏ ÔÑÇÆËÐÇÐËÇÏ Ä ÔËÐÕÇÊÇ
(+)-ÅÓÂÐÆËÊÑÎÂ (214) ì ÂÅÓÇÅÂÙËÑÐÐÑ-ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ
ØÎÑÒÍÑÄÑÅÑ ÆÑÎÅÑÐÑÔËÍÂ (Anthonomus grandis).47, 48 ­ÂÍÕÑÎ
209, ÒÑÎÖÚÇÐÐÞÌ Ä ÒâÕß ÔÕÂÆËÌ ËÊ ÍÇÕÑÐÂ 205, ÒÓÇÄÓÂÜÇÐ ÒÑ
£ËÕÕËÅÖ Ä ÂÎÍÇÐ 210 Ë ÆÂÎÇÇ ÒÓÑÔÕÞÏË ÑÒÇÓÂÙËâÏËì Ä ÔÏÇÔß
ÑÎÇ×ËÐÑÄ 211, ÂÎÎËÎßÐÑÇ ÑÍËÔÎÇÐËÇ ÍÑÕÑÓÞØ Ë ÒÑÔÎÇÆÖáÜÇÇ
ÅËÆÓËÓÑÄÂÐËÇ ÒÓËÄÇÎÑ Í ÍÇÕÑÐÖ 212. ¶ÑÕÑÓÂÔÜÇÒÎÇÐËÇ ÇÅÑ ÒÑ
¯ÑÓÓËÛÖ, ÆÇ×ÑÓÏËÎËÓÑÄÂÐËÇ ÒÑÎÖÚÇÐÐÑÅÑ ÂÎßÆÇÅËÆÂ 213
ÍÑÏÒÎÇÍÔÑÏ µËÎÍËÐÔÑÐÂ Ë ÔÐâÕËÇ ÂÙÇÕÂÕÐÑÌ ÊÂÜËÕÞ ÆÂÎË Ä
ËÕÑÅÇ ÙÇÎÇÄÑÌ ×ÇÓÑÏÑÐ (1R,2S )-214 (ÔØÇÏÂ 10).

®ÇÕÑÆ ÓÂÔÜÇÒÎÇÐËâ a-ÒËÐÇÐÂ 199 Ô ÔÑØÓÂÐÇÐËÇÏ ÏÂÎÑÅÑ
ÙËÍÎÂ ËÔÒÑÎßÊÑÄÂÐ Ä ÔËÐÕÇÊÇ (+)-(1R,3R)-1-ÂÙÇÕÑÍÔËÏÇÕËÎ-3-
ËÊÑÒÓÑÒÇÐËÎ-2,2-ÆËÏÇÕËÎÙËÍÎÑÃÖÕÂÐÂ (221) ì ÒÑÎÑÄÑÅÑ
×ÇÓÑÏÑÐÂ ÄËÐÑÅÓÂÆÐÑÅÑ ÏÖÚÐËÔÕÑÅÑ ÚÇÓÄÇÙÂ (Planococcus
citri).49, 50 ¥Îâ àÕÑÌ ÙÇÎË ËÔÒÑÎßÊÑÄÂÐ ÑÊÑÐÑÎËÊ ÔÑÇÆËÐÇÐËâ
199, ÍÑÕÑÓÞÌ ÆÂÇÕ ÑÍÔÑÂÎßÆÇÅËÆ 215 Ô ÍÑÐ×ËÅÖÓÂÙËÇÌ ÂÔËÏ-
ÏÇÕÓËÚÇÔÍËØ ÙÇÐÕÓÑÄ, ÔÑÑÕÄÇÕÔÕÄÖáÜÇÌ ÒÓËÓÑÆÐÑÏÖ ×ÇÓÑ-
ÏÑÐÖ. ¯ÇÑÃØÑÆËÏÑÇ ÖÍÑÓÑÚÇÐËÇ ÃÑÍÑÄÑÌ ÙÇÒË ÑÔÖÜÇÔÕÄÎÇÐÑ
ÚÇÓÇÊ ÇÐÑÎÂÙÇÕÂÕ 216, ÑÊÑÐÑÎËÊ ÍÑÕÑÓÑÅÑ ÒÓËÄÇÎ Í ÔÏÇÔË
ÂÙÇÕÂÎâ 217 Ë à×ËÓÂ 218. ±ÑÔÎÇ ÇÇ ÑÃÓÂÃÑÕÍË ÏÇÕËÎÇÐ×ÑÔ×Ñ-

d ) HCl7H2O; e) MCPBA; f ) LiAlH4; g) Br2 .PPh3.

²ÇÂÅÇÐÕÞ: a) PCC; b) Me(CH2)9CH=PPh3 (193); c) H2/PtO2;

O

O

O

192

a

98%
185

b

52%

O

O

(CH2)9Me
194

c, d

93%

196

O
O

(CH2)11Me
(CH2)11Me

O

195

e

85%

f

Me(CH2)11 OH

OH 197
74%

g

Me(CH2)11 Br

Br 198
67%

f

Me(CH2)11

(3S,7R/S)-69

OAc

199

202

OCEt

O

203

a

60%

b

60%

²ÇÂÅÇÐÕÞ: a) Pb(OAc)4; b) Pb(OCOEt)4.

204

a

205

O

b

206

O

Br
c

207

O

d, e, f

208

OCOEt

7-ÇÐ (DBU); d ) Me2CuLi; e) (PriO)3Al/PriOH; f ) (EtCO)2O.

²ÇÂÅÇÐÕÞ: a) O3/MeOH; b) Br2; c) 1,8-ÆËÂÊÂÃËÙËÍÎÑ[5,4,0]ÖÐÆÇÙ-

(+)-199

a, b

OH

(1R,4S,5R)-
trans-200

c

201

O

d

(7)-199

a, b

HO

(1S,4R,5S)-
trans-200

c, d

HO

(1S,4S,5S)-
cis-200

OH

(1R,4R,5R)-
cis-200

²ÇÂÅÇÐÕÞ: a) Pb(OAc)4; b) OH7; c) H2Cr2O7; d ) NaBH4 ËÎË LiAlH4.
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ÓÂÐÑÏ ÒÑÎÖÚÇÐÂ ÔÏÇÔß 219 Ë 220, ÍÑÕÑÓÖá Ä ÕÓË ÔÕÂÆËË
ÒÓÇÄÓÂÜÂÎË Ä ÂÙÇÕÂÕ 221. ±Ñ àÕÑÌ ÉÇ ÔØÇÏÇ ËÔØÑÆâ ËÊ
a-(7)-ÒËÐÇÐÂ 199 ÔËÐÕÇÊËÓÑÄÂÐ (7)-221.51

°ÍÔÑÂÎßÆÇÅËÆ 215 âÄÎâÇÕÔâ ÍÎáÚÇÄÞÏ ÔÑÇÆËÐÇÐËÇÏ ÇÜÇ Ä
ÑÆÐÑÌ ÔØÇÏÇ ÔËÐÕÇÊÂ 221, ÔÑÅÎÂÔÐÑ ÍÑÕÑÓÑÌ ÐÂ ÍÑÐÇÚÐÑÌ
ÔÕÂÆËË ÒÑÎÖÚÇÐÂ ÔÏÇÔß ÂÙÇÕÂÕÑÄ 221 Ë 222, ÓÂÊÆÇÎÇÐÐÂâ
ØÓÑÏÂÕÑÅÓÂ×ËÚÇÔÍË.52

¶ÇÓÑÏÑÐ 221 ÔËÐÕÇÊËÓÑÄÂÐ ÕÂÍÉÇ ÐÂ ÑÔÐÑÄÇ ÆÓÖÅÑÅÑ
ÒÓÑÆÖÍÕÂ ÑÍËÔÎÇÐËâ a-ÒËÐÇÐÂ 199 ì ÑÍÔÑÍËÔÎÑÕÞ 223. ¶ÑÕÑ-
ÎËÊ ÒÓÑÆÖÍÕÂ ÇÇ ÓÇÂÍÙËË Ô N-ÅËÆÓÑÍÔË-2-ÕËÑÒËÓËÆËÐÑÏ ÆÂÇÕ
ÒÓÑÏÇÉÖÕÑÚÐÞÌ ÓÂÆËÍÂÎ 226, ËÊ ÍÑÕÑÓÑÅÑ ÆÂÎÇÇ ÒÑÎÖÚÂáÕ
ÔÒËÓÕ 227. ¦ÅÑ ÒÓÇÄÓÂÜÂáÕ Ä ÙÇÎÇÄÑÌ ÒÓÑÆÖÍÕ 221 ÔÕÂÐÆÂÓÕ-
ÐÞÏË ÑÒÇÓÂÙËâÏË.53

¦ÜÇ ÑÆËÐ ÔËÐÕÇÊ 221 ÑÔÐÑÄÂÐ ÐÂ ÒÓËÏÇÐÇÐËË ÑÍÔÑÍËÔÎÑÕÞ
223ìÒÓÑÆÖÍÕÂ ÑÍËÔÎËÕÇÎßÐÑÅÑ ÓÂÔÜÇÒÎÇÐËâ (+)-ÄÇÓÃÇÐÑÐÂ
201 ËÎË ÙËÔ- Ë ÕÓÂÐÔ-ÄÇÓÃÇÐÑÎÑÄ 200 Ô ÒÑÏÑÜßá ØÎÑÓËÆÂ
ÓÖÕÇÐËâ Ä ÔÑÚÇÕÂÐËË Ô ÒÇÓËÑÆÂÕÑÏ ÐÂÕÓËâ.54

OH

O

a, b

76%
215

c, d

222

OAc221 +
e

221

e) SiO2/AgNO3.

²ÇÂÅÇÐÕÞ: a) MeMgI; b) CrO3; c) PhCO3H; d ) POCl3/Py;

199
a

67%

b, c

72%

223

CO2H

O

224

COO

O

N

S

d

226

O
e, f

227

OH

O
g, h

75%
221

N

S

HO (225); d ) hn/CH2Cl2;

e) O2/Ph2SbS(2-MeOC6H4); f ) H2O; g) Ac2O/Py;

c)

²ÇÂÅÇÐÕÞ: a) KMnO4/(NH4)2SO4/H2O; b) SO2Cl2;

h) H2C=PPh3.

205
a7d

51%

OHC OAc
m, n

75%

213

OAc

214

k) CrO3
.Py; l ) H2/Pd/C; m) (PPh3)3RhCl; n) LiAlH4.

g) R2BH; h) H2O2/NaOH; i ) Ac2O/Py; j ) POCl3/Py;

²ÇÂÅÇÐÕÞ: a) MeMgBr; b) NOCl; c) hn; d ) D; e) H3O+; f ) H2C=PPh3;

CH NOH

e

50%

HO

211

AcO

k, l

212

AcO

O

c

60%

f

67%

OH

g7i

HOO

209 210
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(1R,5R)-199

a, b

93%
O

O

215

c

86%

OAc

O

216

d, e

OMe

O OMe

217

+
OMe

O O

218

f

OMe

OMe

219

+
OMe

O

220

g7i

88%

OAc

221

g) PPTs/H2O; h) Bui2AlH; i ) Ac2O/Py.

d ) O3/SiO2; e) MeOH/TsOH; f ) H2C=PPh3;

²ÇÂÅÇÐÕÞ: a) O3/MeOH; b) H2/Pd/CaCO3/PbO; c) Ac2O/NEt3;

d ) Ac2O/Et3N.

²ÇÂÅÇÐÕÞ: a) RuCl3 . 3H2O/NaIO4; b) H2C=PPh3; c) LiAlH4;

223

CO2H

O

200 ËÎË 201
a

221
b7d

µÔÒÇØË ØËÏËË 66 (12) 1997 1111



±ÓÑÆÖÍÕ ×ÑÕÑÎËÊÂ ÙËÔ-(+)-ÄÇÓÃÂÐÑÐÂ 227 ì ÂÎßÆÇÅËÆ
228 ì ÕÂÍÉÇ ÐÂÛÇÎ ÒÓËÏÇÐÇÐËÇ Ä ÔËÐÕÇÊÇ ÙËÔ-(+)-221. ªÊ
ÙËÔ-(7)-ÄÇÓÃÂÐÑÐÂ 227 ÂÐÂÎÑÅËÚÐÑ ÒÑÎÖÚÇÐ ÙËÔ-(7)-ËÊÑÏÇÓ
221. ´ÓÂÐÔ-221 ÃÞÎ ÔËÐÕÇÊËÓÑÄÂÐ Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÕÓÂÐÔ-
×ÑÓÏÂÙËË 228 Ä ÙËÔ-à×ËÓ 229 Ô ÒÑÔÎÇÆÖáÜÇÌ ÇÅÑ àÒËÏÇÓËÊÂ-
ÙËÇÌ Ä ÕÓÂÐÔ-ËÊÑÏÇÓ 229.55

3. ²ÇÂÍÙËË Ô ÓÂÔÍÓÞÕËÇÏ ÑÃÑËØ ÙËÍÎÑÄ

¿ÎÇÅÂÐÕÐÞÌ ÏÇÕÑÆ ÔËÐÕÇÊÂ ÑÃÑËØ àÐÂÐÕËÑÏÇÓÑÄ 2-ÏÇÕËÎ-6-
ÏÇÕËÎÇÐ-2,7-ÑÍÕÂÆËÇÐ-4-ÑÎÂ (ËÒÔÆËÇÐÑÎÂ) (231) ì ÂÅÓÇÅÂ-
ÙËÑÐÐÑ-ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÏÐÑÅËØ ÄËÆÑÄ Ips ì ÑÔÐÑÄÂÐ ÐÂ
ÚÇÕÞÓÇØÔÕÂÆËÌÐÑÌ ÕÓÂÐÔ×ÑÓÏÂÙËË ÑÒÕËÚÇÔÍË ÂÍÕËÄÐÞØ ÄÇÓ-
ÃÇÐÑÐÑÄ 201. ±ÑÎÖÚÇÐÐÞÇ ÄÑÔÔÕÂÐÑÄÎÇÐËÇÏ ÔÑÑÕÄÇÕÔÕÄÖá-
ÜËØ ÐÇÔÑÒÓâÉÇÐÐÞØ ÍÇÕÑÐÑÄ b-ÄÇÓÃÇÐÑÎÞ 230Â ë 230d
ÒÑÆÄÇÓÅÂÎËÔß ×ÎÇÛ-ÒËÓÑÎËÊÖ, ÒÓÇÄÓÂÜÂâÔß Ä ÙÇÎÇÄÞÇ
ÔÒËÓÕÞ 231 Ô ÔÑØÓÂÐÇÐËÇÏ ÂÃÔÑÎáÕÐÑÌ ÍÑÐ×ËÅÖÓÂÙËË ØË-
ÓÂÎßÐÑÅÑ ÙÇÐÕÓÂ ³(4) ÔÑÑÕÄÇÕÔÕÄÖáÜËØ ÔÒËÓÕÑÄ 230
(ÔØÇÏÂ 11).56

±ÓË ÍÂÕÂÎËÕËÚÇÔÍÑÏ ÅËÆÓËÓÑÄÂÐËË a-(+)-ÒËÐÇÐÂ 199, Â
ÕÂÍÉÇ Ä ÓÇÊÖÎßÕÂÕÇ ÅËÆÓÑÃÑÓËÓÑÄÂÐËâ Ë ÅËÆÓÑÎËÊÂ ÑÃÓÂ-
ÊÖÇÕÔâ ÒÓÇËÏÖÜÇÔÕÄÇÐÐÑ ÙËÔ-(+)-ÒËÐÂÐ (232).57 ¦ÅÑ ÕÇÓÏÑ-
ÎËÊ ÒÓËÄÑÆËÕ Í ÔÏÇÔË ÒÓÑÆÖÍÕÑÄ, ÑÔÐÑÄÐÞÏ ÍÑÏÒÑÐÇÐÕÑÏ
ÍÑÕÑÓÑÌ âÄÎâÇÕÔâ (S )-(+)-ÆËÅËÆÓÑÏËÓÙÇÐ (S )-42.58

±ÓÑÆÖÍÕ ÑÍËÔÎÇÐËâ ÆËÇÐÂ (S )-42 ÒÑ µÑÍÍÇÓÖ ë¸ÖÆÊË ì
ÍÇÕÑÐ 233 ì ÑÍÂÊÂÎÔâ ÖÆÑÃÐÞÏ ËÔØÑÆÐÞÏ ÔÑÇÆËÐÇÐËÇÏ Ä
ÔËÐÕÇÊÇ ÆËÒÓËÑÐËÎÂÙÇÕÂÕÂ 17 Ä ÄËÆÇ àÍÄËÏÑÎâÓÐÑÌ ÔÏÇÔË
ÆÄÖØ ÆËÂÔÕÇÓÇÑÏÇÓÐÞØ ÒÂÓ (2S,3S,7S/R)- Ë (2R,3S,7S/R)-ÍÑÐ-
×ËÅÖÓÂÙËË.59 ¤ËÆÓËÆÐÑÇ ÄÑÔÔÕÂÐÑÄÎÇÐËÇ ÍÇÕÑÐÂ 233 ÆÂÄÂÎÑ
ÔÏÇÔß (*1 : 1) àÓËÕÓÑ-(2S,3S )- Ë ÕÓÇÑ-(2R,3S )-ÔÒËÓÕÑÄ 234,
ÒÓÇÄÓÂÜÇÐÐÞØ ÚÇÓÇÊ ÔÑÑÕÄÇÕÔÕÄÖáÜËÇ ÂÙÇÕÂÕÞ 235 Ä ÔÏÇÔß
ÆËÂÔÕÇÓÇÑÏÇÓÐÞØ ÆËÂÙÇÕÑÍÔËÂÎÍÇÐÑÄ 236. ³ ÃÑÎÇÇ ÄÞÔÑÍËÏ
ÄÞØÑÆÑÏ ÒÑÔÎÇÆÐËÇ ÃÞÎË ÒÑÎÖÚÇÐÞ ÐÂ ÑÔÐÑÄÇ ÒÓÑÆÖÍÕÑÄ
ÂÎÎËÎßÐÑÅÑ ÑÍËÔÎÇÐËâ ÍÇÕÑÐÂ 233. ¡ÎÎËÎßÐÖá ÂÙÇÕÑÍÔË-
ÅÓÖÒÒÖ 236 ÖÆÂÎÑÔß ÅÎÂÆÍÑ ÊÂÏÇÐËÕß ÐÂ ÂÎÍËÎßÐÖá ÒÓË
ÆÇÌÔÕÄËË ÑÓÅÂÐÑÍÖÒÓÂÕÐÑÅÑ ÓÇÂÅÇÐÕÂ. ¤ËÆÓËÓÑÄÂÐËÇ ÆÄÑÌ-
ÐÑÌ ÔÄâÊË Ä ÒÑÎÖÚÇÐÐÑÏ ÕÂÍËÏ ÑÃÓÂÊÑÏ ÂÎÍÇÐËÎÂÙÇÕÂÕÇ 237, Ä

228

O

cis-(+)-227

O

a b, c

cis-(+)-221

AcO

O

cis-(7)-227

a7c

cis-(7)-221

OAc

228
d, e

cis-229

MeO2C
f

trans-229

MeO2C
g, c

trans-221

AcO

f ) MeONa/MeOH; g) LiAlH4.

²ÇÂÅÇÐÕÞ: a) hn; b) NaBH4; c) Ac2O/Py; d ) CrO3; e) MeOH/H+;

199

a

b, c

232

²ÇÂÅÇÐÕÞ: a) H2/PtO2 ËÎË Ni; b) B2H6; c) H2O; d ) 5508C.

d

(S)-42

²ÇÂÅÇÐÕÞ: a) NaH; b) H3BO3; c) LiAlH4; d ) 5508C; e) (PriO)3Al/PriOH; f ) Li/NH3.

OH

230a

5

1

4

3

6

2

d

30%

OH

(R)-(7)-231

OH

230b

d

6%

OH

(S)-(+)-231

c

e

O

(+)-201

a, b

O

d

4%
(R)-(7)-231

(S)-(+)-231

f

c

HO

230c

HO

230d

d

33%

O

(7)-201

a, b

O
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ÓÇÊÖÎßÕÂÕÇ ÚÇÅÑ ÑÃÓÂÊÖÇÕÔâ ÕÓÇÕËÌ ÂÔËÏÏÇÕÓËÚÇÔÍËÌ ÙÇÐÕÓ
ÒÓË ³(7)-ÂÕÑÏÇ, ÒÓÑÕÇÍÂÇÕ ÒÑÎÐÑÔÕßá ÐÇÔÕÇÓÇÑÔÇÎÇÍÕËÄÐÑ
(ÔØÇÏÂ 12).59

±ÓÑÆÖÍÕ ÔÇÎÇÍÕËÄÐÑÅÑ ÑÊÑÐÑÎËÊÂ ÆËÇÐÂ (S )-42 ÒÑ ÕÓËÊÂ-
ÏÇÜÇÐÐÑÌ ÆÄÑÌÐÑÌ ÔÄâÊË ì ÐÇÒÓÇÆÇÎßÐÞÌ ÔÒËÓÕ 238 ì
ÒÑÔÎÖÉËÎ ÖÆÑÃÐÞÏ ËÔØÑÆÐÞÏ ÔÑÇÆËÐÇÐËÇÏ Ä ÔËÐÕÇÊÇ
E-(3,7S)-ÆËÏÇÕËÎ-2-ÑÍÕÇÐ-1,8-ÆËÑÄÑÌ ÍËÔÎÑÕÞ (239) Ë
E-(3,7S)-ÆËÏÇÕËÎ-2-ÑÍÕÇÐ-1,8-ÆËÑÎÂ (240), âÄÎâáÜËØÔâ ÍÑÏ-
ÒÑÐÇÐÕÂÏË ÒÑÎÑÄÞØ ×ÇÓÑÏÑÐÑÄ ÍËÕÂÌÔÍÑÌ ×ÂÔÑÎÇÄÑÌ ÊÇÓ-
ÐÑÄÍË (Callosobruchus chinensis) Ë Â×ÓËÍÂÐÔÍÑÅÑ ÏÑÐÂÓØÂ
(Danaus chrysippus) ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ. ²ÇÕÓÑÔËÐÕÇÕËÚÇÔÍËÌ ÂÐÂ-
ÎËÊ ÔÕÓÖÍÕÖÓ 239 Ë 240 ÒÑÍÂÊÞÄÂÇÕ ÙÇÎÇÔÑÑÃÓÂÊÐÑÔÕß ËØ
ÒÑÎÖÚÇÐËâ ÚÇÓÇÊ ÒÓÑÏÇÉÖÕÑÚÐÞÌ ÆËà×ËÓ 241.60

³ àÕÑÌ ÙÇÎßá ÓÇÂÍÕËÄ ¤ÓËÐßâÓÂ, ÒÓËÅÑÕÑÄÎÇÐÐÞÌ ËÊ
ÃÓÑÏËÆÂ (S )-109, ÄÄÑÆËÎË Ä ÓÇÂÍÙËá Ô ÂÙÇÕÂÎßÆÇÅËÆÑÏ.
±ÑÎÖÚÇÐÐÞÌ ÔÒËÓÕ 242 ÃÞÎ ÒÓÇÄÓÂÜÇÐ Ä ÐÇÒÓÇÆÇÎßÐÞÌ
ÍÇÕÑÐ 243, ÆÂÎÇÇ ÒÑÆÄÇÓÅÐÖÕÞÌ ÑÊÑÐÑÎËÊÖ. ±ÑÔÎÇÆÖáÜÇÇ
ÑÎÇ×ËÐËÓÑÄÂÐËÇ ÍÇÕÑà×ËÓÂ 244 ÒÑ ·ÑÓÐÇÓÖ ÆÂÎÑ ÆËà×ËÓ
241, ÅËÆÓÑÎËÊ ËÎË ÅËÆÓËÆÐÑÇ ÄÑÔÔÕÂÐÑÄÎÇÐËÇ ÍÑÕÑÓÑÅÑ ÒÓË-
ÄÇÎË Í ÙÇÎÇÄÞÏ ÔÑÇÆËÐÇÐËâÏ 239 Ë 240.

¥ÓÖÅÑÌ ÒÓÑÆÖÍÕ ÑÊÑÐÑÎËÕËÚÇÔÍÑÅÑ ÓÂÔÜÇÒÎÇÐËâ ÆËÇÐÂ
(S )-42 ì ÂÎßÆÇÅËÆ (S )-44 ì ÒÓËÏÇÐÇÐ Ä ÔËÐÕÇÊÇ (6R)-ÏÇÕËÎ-
ÑÍÕÂÐ-3-ÑÐÂ (R)-126 ì ÍÑÏÒÑÐÇÐÕÂ ×ÇÓÑÏÑÐÂ ÕÓÇÄÑÅË ÏÖ-
ÓÂÄßÇÄ ÓÑÆÂ Genus crematogaster.61 £ÊÂËÏÑÆÇÌÔÕÄËÇ ÂÎßÆÇ-
ÅËÆÂ (S )-44 c EtMgBr, ÍÂÕÂÎËÕËÚÇÔÍÑÇ ÅËÆÓËÓÑÄÂÐËÇ ÆÄÑÌÐÑÌ
ÔÄâÊË Ä ÑÃÓÂÊÑÄÂÄÛÇÏÔâ ÔÒËÓÕÇ 245 Ë ÒÑÔÎÇÆÖáÜÇÇ ÑÍËÔÎÇÐËÇ
ÆÂÎË ÙÇÎÇÄÑÌ ÍÇÕÑÐ (R)-126.

£ ÔËÐÕÇÊÇ (2S ),6-ÆËÏÇÕËÎ-5-ÅÇÒÕÇÐ-1-ÑÎÂ (248) ì ×ÇÓÑ-
ÏÑÐÂ ÕÓÇÄÑÅË ÏÖÓÂÄßÇÄ ÓÑÆÂ Acanthomyops claviger 61 ì
ÕÓÇÃÑÄÂÎÑÔß ÓÂÔÜÇÒËÕß ÄËÐËÎßÐÖá ÅÓÖÒÒÖ Ä ÆËÇÐÇ (S )-42.
¥Îâ àÕÑÅÑ ÃÑÎÇÇ ÚÖÄÔÕÄËÕÇÎßÐÂâ Í àÎÇÍÕÓÑ×ËÎßÐÞÏ ÂÅÇÐÕÂÏ
ËÊÑÒÓÑÒËÎËÆÇÐÑÄÂâ ÅÓÖÒÒÂ ÃÞÎÂ ÊÂÜËÜÇÐÂ ÒÓÇÄÓÂÜÇÐËÇÏ

HO2C
CO2H

239

HO
OH

240

²ÇÂÅÇÐÕÞ: a) O3/CH2Cl2/MeOH; b) NaBH4.

RO2C
CO2R

241

OH

238

(S )-42 238
a, b

81.4%

(S)-42
a, b

60%
O

(S)-44

c

82%

OH245

d, e

85%
O(R)-126

d ) H2/Pd/C; e) PCC.

b) H2/Pd/CaCO37PbO; c) EtMgBr;

²ÇÂÅÇÐÕÞ: a) O3/CH2Cl2/MeOH/NaHCO3;

(S)-42

O 233 OH 234

b

85%

c

92%

a

63%

d, b, e

27%

OAc 235

OAc

OAc

236

f

d, b, c

84%

25%

(CH2)7Me

OAc 237

(CH2)7Me

OAc 17

g

97%

²ÇÂÅÇÐÕÞ: a) O2/PdCl27CuCl; b) NaBH4; c) Ac2O/NEt3/DMAP; d ) SeO2; e) Ac2O/Py; f ) Me(CH2)6Br/Mg/CuI; g) H2/Pd/C.
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238
a

82%
(S)-109

b, c

73%

OH

242

d

86%

O

243

e7h

55%

244
MeO2C

O
i, j

43%

241

239

240

k

42.3%

l

42.2%

h) CH2N2; i ) (MeO)2P(O)CH2CO2Et/EtONa;

e) O3/CH2Cl2/MeOH; f ) H2/Pd/CaCO37PbO; g) Ag2O;

²ÇÂÅÇÐÕÞ: a) PBr3/Py; b) Mg; c) MeCHO; d) PCC;

j ) SiO2/AgNO3; k) NaOH/MeOH; l) Bui2AlH.

(S)-42
a

93%
O246

MeO2C
O

b, c

82%

d

78%
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ÒÑÔÎÇÆÐÇÅÑ Ä àÒÑÍÔËÆ 246. ¦ÅÑ ÑÊÑÐÑÎËÊ Ë ÒÑÔÎÇÆÖáÜÂâ
ÓÇÅÇÐÇÓÂÙËâ ÆÄÑÌÐÑÌ ÔÄâÊË Ô ÒÑÏÑÜßá AlI3 ÒÓËÄÇÎË Í à×ËÓÖ
247, ÍÑÕÑÓÞÌ ÃÞÎ ÒÓÇÄÓÂÜÇÐ Ä ÔÒËÓÕ 248 ÔÕÂÐÆÂÓÕÐÞÏË
ÑÒÇÓÂÙËâÏË.

¬ÂÕÂÎËÕËÚÇÔÍÑÇ ÅËÆÓÑÂÎáÏËÐËÓÑÄÂÐËÇ ÆËÇÐÂ (S )-42 Ô
ÒÑÔÎÇÆÖáÜËÏ ÅËÆÓÑÎËÊÑÏ ÒÓËÄÑÆâÕ Í ÑÎÇ×ËÐÖ (R)-67, ÒÓÇ-
ÄÓÂÜÇÐÐÑÏÖ Ô ÒÑÏÑÜßá ÑÊÑÐÑÎËÊÂ-ÄÑÔÔÕÂÐÑÄÎÇÐËâ Ä ÔÒËÓÕ
249. ³ÑÑÕÄÇÕÔÕÄÖáÜËÌ ÇÏÖ ÃÓÑÏËÆ (R)-89 ËÔÒÑÎßÊÑÄÂÐ Ä
ÔËÐÕÇÊÇ (R)-E-ÕÓÑÅÑÆÇÓÏÂÎâ 93.62 ±ÓÑÕÇÍÂáÜÇÇ ÓÇÅËÑ- Ë
ÔÕÇÓÇÑÔÇÎÇÍÕËÄÐÑ ÍÂÍ SN2

0-ÒÓÑÙÇÔÔ ÔÑÚÇÕÂÐËÇ ÏÂÅÐËÌÍÖÒ-
ÓÂÕÐÑÅÑ ÓÇÂÅÇÐÕÂ, ÒÓËÅÑÕÑÄÎÇÐÐÑÅÑ ËÊ (R)-89, Ô ÂÙÇÕÂÕÑÏ 250
ÒÓËÄÇÎÑ ÒÑÔÎÇ ÔÐâÕËâ ÊÂÜËÕÞ Í ÙÇÎÇÄÑÏÖ (R)-E-93.

¦ÆËÐÔÕÄÇÐÐÞÏ ÒÓÑÆÖÍÕÑÏ ÑÍËÔÎÇÐËâ ÂÎáÏËÐËÌÑÓÅÂÐË-
ÚÇÔÍÑÅÑ ÂÆÆÖÍÕÂ ÆËÅËÆÓÑÏËÓÙÇÐÂ (S )-42 âÄÎâÇÕÔâ (S )-ÙËÕÓÑ-
ÐÇÎÎÑÎ (S )-4.63 °Ð ÔÂÏ Ë ÐÇÍÑÕÑÓÞÇ ÇÅÑ ÒÓÑËÊÄÑÆÐÞÇ
ËÔÒÑÎßÊÑÄÂÎËÔß Ä ÔËÐÕÇÊÇ ×ÇÓÑÏÑÐÑÄ.

´ÂÍ, ÕÇÕÓÂÅËÆÓÑÒËÓÂÐËÎÑÄÞÌ à×ËÓ (S )-ÙËÕÓÑÐÇÎÎÑÎÂ
(S )-(50) ÐÂÛÇÎ ÒÓËÏÇÐÇÐËÇ Ä ÔËÐÕÇÊÇ (14S )-ÏÇÕËÎ-1-ÑÍÕÂÆÇ-
ÙÇÐÂ (S )-162 Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÑÊÑÐÑÎËÕËÚÇÔÍÑÌ ÕÓÂÐÔ×ÑÓ-
ÏÂÙËË Ä ÏÑÐÑÊÂÜËÜÇÐÐÞÌ ÆËÑÎ 251. ¡ÎÍËÎËÓÑÄÂÐËÇ
ÒÑÎÖÚÇÐÐÑÅÑ ËÊ ÐÇÅÑ ÕÑÊËÎÂÕÂ MeMgI, Â ÊÂÕÇÏ ÄÊÂËÏÑÆÇÌ-
ÔÕÄËÇ ÃÓÑÏÒÓÑËÊÄÑÆÐÑÅÑ Ô 10-ÖÐÆÇÙÇÐËÎÏÂÅÐËÌÃÓÑÏËÆÑÏ
ÊÂÄÇÓÛËÎÑ ÔËÐÕÇÊ ×ÇÓÑÏÑÐÂ (S )-162.63

®ÇÕÑÍÔËàÕËÎÏÇÕËÎÑÄÞÌ à×ËÓ ÙËÕÓÑÐÇÎÎÑÎÂ 252 ËÔ-
ÒÑÎßÊÑÄÂÐ Ä ÔËÐÕÇÊÇ (3S,6R)-157 ì ×ÇÓÑÏÑÐÂ ÍÓÂÔÐÑÌ
ÍÂÎË×ÑÓÐËÌÔÍÑÌ ÜËÕÑÄÍË ì Ë ÇÅÑ (3S,6S )-àÐÂÐÕËÑÏÇÓÂ.
¥Îâ àÕÑÅÑ 252 ÃÞÎ ÒÓÇÄÓÂÜÇÐ Ä ÅÎËÍÑÎß 253, ÍÑÕÑÓÞÌ ÒÑÔÎÇ
ÑÃÓÂÃÑÕÍË ØÎÑÓÂÐÅËÆÓËÆÑÏ (R)-(+)-a-ÏÇÕÑÍÔË-a-(ÕÓË×ÕÑÓ-
ÏÇÕËÎ)×ÇÐËÎÖÍÔÖÔÐÑÌ ÍËÔÎÑÕÞ 256 ÆÂÎ ÆËà×ËÓ 254 Ä ÄËÆÇ
ÎÇÅÍÑ ÓÂÊÆÇÎâÇÏÑÌ ØÓÑÏÂÕÑÅÓÂ×ËÚÇÔÍË ÔÏÇÔË ÆËÂÔÕÇÓÇÑÏÇ-
ÓÑÄ. ¬ÂÉÆÞÌ ËÊ ÐËØ ÃÞÎ ÄÑÔÔÕÂÐÑÄÎÇÐ Ä ÔÑÑÕÄÇÕÔÕÄÖáÜËÌ
ÆËÑÎ 255, ÔÇÎÇÍÕËÄÐÑÇ ÏÇÊËÎËÓÑÄÂÐËÇ ÄÕÑÓËÚÐÑÌ ÅËÆÓÑÍÔË-
ÅÓÖÒÒÞ, Ä ÍÑÕÑÓÞØ Ô ÒÑÔÎÇÆÖáÜÇÌ ÜÇÎÑÚÐÑÌ ÑÃÓÂÃÑÕÍÑÌ

(S)-42
a, b

82%
(R)-67

c, d

85%

OH

249

e

85%

Br

(R)-89

f7h

82%
(R, E)-93

e) PBr3/Py; f ) Mg/CuI;

²ÇÂÅÇÐÕÞ: a) Bui2AlH/ZrCl4; b) H2O; c) O3/THF/MeOH; d ) NaBH4;

OMe (250); h) PPTs/H2O.
OAc

OMe

g)

(S)-42
a7c

OH
(S)-4

²ÇÂÅÇÐÕÞ: a) Bui3Al ËÎË Bui2AlH/ZrCl4; b) O2; c) H2O.

(S)-4
a

86%
THPO

(S)-50

b, c

85%

THPO
OH

251

d

94%

THPO
OTs

e7g

56%

Br

h

71%
(S)-162

h) H2C=CH(CH2)9MgBr/CuI72,20-ÃËÒËÓËÆËÎ (bipy).

e) MeMgI/Li2CuCl4; f ) HCl7H2O; g) PBr3/Py;

²ÇÂÅÇÐÕÞ: a) DHP/TsOH; b) O3/MeOH; c) NaBH4; d ) TsCl/Py;

MeO2C
247

e

92%
HO

248

c) Ac2O/Et3N; d ) AlI3/MeCN; e) Bui2AlH.

²ÇÂÅÇÐÕÞ: a) ButOOH/Mo(CO)6; b) O3/CH2Cl27MeOH;

OMEM

252

OMEM

OH

OH 253

OMEM

OH

OR 254

a, b c d, e

OAc

(3S,6R)-157

(3S,6S)-157

OAc

h, f, i, b, jf, g
OMEM

OH

OH (3S,6S)-255

(3S,6R)-255

OMEM

OH

OH

OMEM
O

(3S,6R)-257

(3S,6S)-257

OMEM
O

h, f, i, b, jf, g

i ) BunLi; j ) Ac2O/Py.

²ÇÂÅÇÐÕÞ: a) MCPBA; b) H3O+; c) RCl (256); d ) HPLC; e) LiAlH4; f ) MeSO2Cl; g) KOH/MeOH; h) (H2C=CHCH2CH2)2CuLi (258);

R =
F3C OMe

PhC

O

(254).
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ÏÇÊËÎÂÕÑÄ ÒÓËÄÇÎÑ Í àÒÑÍÔËÆÂÏ 257 Ô ËÐÄÇÓÔËÇÌ ØËÓÂÎßÐÑÅÑ
ÙÇÐÕÓÂ Ö ÂÕÑÏÂ ³(6). £ÊÂËÏÑÆÇÌÔÕÄËÇ ÒÑÔÎÇÆÐËØ Ô ÍÖÒÓÂÕÐÞÏ
ÓÇÂÅÇÐÕÑÏ 258, ÆÇÅËÆÓÂÕÂÙËâ ÒÓÑÏÇÉÖÕÑÚÐÞØ ÔÒËÓÕÑÄ Ë
ÊÂÏÇÐÂ ÏÇÕÑÍÔËàÕËÎÏÇÕËÎßÐÑÌ ÅÓÖÒÒÞ ÐÂ ÂÙÇÕÂÕÐÖá ÊÂÄÇÓ-
ÛËÎË ÔËÐÕÇÊ ×ÇÓÑÏÑÐÂ 157 (ÔØÇÏÂ 13).64

ªÊÑÏÇÓÐÞÇ ÕÓÑÅÑÆÇÓÏÂÎË (R)-E- Ë (R)-Z-93 ÔËÐÕÇÊËÓÑ-
ÄÂÐÞ àÎÇÍÕÓÑÎËÊÑÏ ÔÏÇÔË (7)-(4R)-ÏÇÕËÎÅÇÍÔÂÐÑÄÑÌ (R)-68 Ë
12-(2-ÕÇÕÓÂÅËÆÓÑÒËÓÂÐËÎÑÍÔË)-4-ÆÑÆÇÙËÐÑÄÑÌ (260) ÍËÔÎÑÕ Ë
ÒÑÔÎÇÆÖáÜÇÅÑ ÔÕÇÓÇÑÔÇÎÇÍÕËÄÐÑÅÑ ÅËÆÓËÓÑÄÂÐËâ ÒÑÎÖÚÇÐ-
ÐÑÅÑ ÂÙÇÕËÎÇÐÑÄÑÅÑ ÔÒËÓÕÂ 92.65 ·ËÓÂÎßÐÂâ ÍËÔÎÑÕÂ (R)-68
ÔËÐÕÇÊËÓÑÄÂÐÂ ÒÖÕÇÏ ÑÊÑÐÑÎËÊÂ-ÑÍËÔÎÇÐËâ ÒÓÑÆÖÍÕÂ ÅËÆÓËÆ-
ÐÑÅÑ ÄÑÔÔÕÂÐÑÄÎÇÐËâ ÙËÕÓÑÐÇÎÎËÎÕÑÊËÎÂÕÂ (S )-19 ì ÑÎÇ-
×ËÐÂ (R)-67, Â ÂØËÓÂÎßÐÂâ ÍËÔÎÑÕÂ 260 ì ÂÎÍËÎËÓÑÄÂÐËÇÏ
ÂÙÇÕËÎÇÐËÆÂ ÒÇÐÕ-4-ËÐÑÄÑÌ ÍËÔÎÑÕÞ 259 ÃÓÑÏà×ËÓÑÏ 94.

¸ËÕÓÑÐÇÎÎËÎÃÓÑÏËÆ (S )-141 ÒÓËÏÇÐâÎÔâ Ä ÍÂÚÇÔÕÄÇ
ËÔØÑÆÐÑÅÑ ÔÑÇÆËÐÇÐËâ Ä ÔËÐÕÇÊÇ àÍÄËÏÑÎâÓÐÑÌ ÔÏÇÔË ÒÓËÓÑÆ-
ÐÑÅÑ (4R,8R)- Ë ÔËÐÇÓÅËÚÇÔÍË ÆÇÌÔÕÄÖáÜÇÅÑ (4R,8S )- àÐÂÐ-
ÕËÑÏÇÓÑÄ ÂÕÕÓÂÍÕÂÐÕÂ ÏÖÚÐÞØ ØÓÖÜÂÍÑÄ 29.66 ²ÇÂÍÙËâ
ÃÓÑÏËÆÂ (S )-141 Ô ÓÇÂÍÕËÄÑÏ ¤ÓËÐßâÓÂ, ÒÑÎÖÚÇÐÐÑÅÑ ËÊ
ÓÂÙÇÏËÚÇÔÍÑÅÑ 1-ÃÓÑÏ-2-ÏÇÕËÎÃÖÕÂÐÂ 28, ÒÓËÄÇÎÂ Í ÑÎÇ×ËÐÖ
95, ÑÊÑÐÑÎËÊ ÍÑÕÑÓÑÅÑ Ô ÒÑÔÎÇÆÖáÜËÏ ÄÑÔÔÕÂÐÑÄÎÇÐËÇÏ
ÒÇÓÑÍÔËÆÑÄ ÊÂÄÇÓÛËÎ ÔËÐÕÇÊ ×ÇÓÑÏÑÐÂ (4R,8R/S )-29.

¢ÑÎÇÇ ÄÞÔÑÍËÌ ÄÞØÑÆ ÔÏÇÔË (4R,8R/S )-29 ÆÑÔÕËÅÐÖÕ ÒÓË
ÓÇÂÎËÊÂÙËË ÔØÇÏÞ, ÄÍÎáÚÂáÜÇÌ ÄÊÂËÏÑÆÇÌÔÕÄËÇ ÓÇÂÍÕËÄÂ
¤ÓËÐßâÓÂ, ÒÓËÅÑÕÑÄÎÇÐÐÑÅÑ ËÊ ÃÓÑÏËÆÂ (S )-141, Ô ÃÓÑÏËÔ-
ÕÞÏ ÂÎÎËÎÑÏ Ë ÔÇÎÇÍÕËÄÐÑÇ ÍÂÓÃÑÏÂÅÐËÓÑÄÂÐËÇ ÒÑÎÖÚÇÐ-
ÐÑÅÑ ÆËÇÐÂ 261 ÒÑ ÕÇÓÏËÐÂÎßÐÑÌ ÆÄÑÌÐÑÌ ÔÄâÊË.66 ±ÓÑÆÖÍÕ
ÍÂÓÃÑÏÂÅÐËÓÑÄÂÐËâ 95 ÔÑÆÇÓÉÂÎ Ä ÍÂÚÇÔÕÄÇ ÒÓËÏÇÔË ÐÇ ÃÑÎÇÇ

5% ÆËÇÐÂ 262, ÍÑÕÑÓÞÌ ÒÓË ÑÊÑÐÑÎËÊÇ ÒÓÇÄÓÂÜÂÎÔâ Ä ÔÑÑÕ-
ÄÇÕÔÕÄÖáÜËÌ ÆËÂÎßÆÇÅËÆ, ÎÇÅÍÑ ÑÕÆÇÎâÇÏÞÌ ÑÕ ÙÇÎÇÄÑÅÑ
ÒÓÑÆÖÍÕÂ ØÓÑÏÂÕÑÅÓÂ×ËÚÇÔÍË.

±ÑÎÑÄÑÌ ×ÇÓÑÏÑÐ Leucoptera malifoliella ÔÑÆÇÓÉËÕ ÆÄÂ
ÍÑÏÒÑÐÇÐÕÂ ì (5S,9S )-ÆËÏÇÕËÎÅÇÒÕÂÆÇÍÂÐ (175) ì ÑÔÐÑÄÐÑÌ
Ë (5S,9S )-ÆËÏÇÕËÎÑÍÕÂÆÇÍÂÐ (263) ì ÏËÐÑÓÐÞÌ. ²ÇÕÓÑÔËÐÕÇ-
ÕËÚÇÔÍËÌ ÂÐÂÎËÊ àÕËØ ÔÑÇÆËÐÇÐËÌ ÒÑÍÂÊÞÄÂÇÕ ÙÇÎÇÔÑÑÃÓÂÊ-
ÐÑÔÕß ËØ ÔËÐÕÇÊÂ ËÊ ÕÓÇØ ØËÓÂÎßÐÞØ ÃÎÑÍÑÄ A, B Ë ³.67

CÑÑÕÄÇÕÔÕÄÖáÜËÌ ×ÓÂÅÏÇÐÕÖ ¡ ËÑÆËÆ 264 ÃÞÎ ÒÑÎÖÚÇÐ
ËÊ ÕÑÊËÎÂÕÂ 27, Â ÑÕÄÇÚÂáÜËÇ ÃÎÑÍÂÏ £ Ë ³ ÔÖÎß×ÑÐÞ 265 Ë
266 ÔËÐÕÇÊËÓÑÄÂÐÞ ËÊ (S )-ÙËÕÓÑÐÇÎÎËÎÂÙÇÕÂÕÂ (S )-6.

(S)-4
a

OTs
(S)-19

b

80%

(R)-67

c, d

78%
CO2H

(R)-68

HO2C
e, f

76%
HO2C(CH2)2C C(CH2)7OTHP

g, h

20%

259 260

(R)-92

(R)-Z-93

(R)-E-93

i, j

98%

k, j

97%

k) Na/NH3.

f ) 94; g) e7; h) HCl; i ) H2/Pd/CaCO37PbO; j ) PCC;

²ÇÂÅÇÐÕÞ: a) TsCl/Py; b) LiAlH4; c) O3; d ) H2CrO4; e) BunLi;

Br

(S)-141

a

65%

²ÇÂÅÇÐÕÞ: a) 28/Mg/Li2CuCl4; b) O3/MeOH/CH2Cl2; c) Me2S.

(6R,10R/S)-95

b, c

O

(4R,8R/S)-29

(S)-141
a, b

83%
261

c, d

(6R,10R/S)-95 +Pr
262

e, f

(4R,8R/S)-29 +
O O g

(4R,8R/S)-29

d ) H3O+; e) O3/MeOH7CH2Cl2; f ) Me2S; g) SiO2.

²ÇÂÅÇÐÕÞ: a) Mg; b) H2C=CHCH2Br/CuI7bipy; c) Et2Mg/Cp2ZrCl2;

(CH2)7Me
A B

(5S,9S)-175

(CH2)8Me
A C

263

THPO OTs

(R)-27

a7d
I

264

OAc

(S)-6

e7f

OHC OAc

PhSO2 (CH2)7Me

265

PhSO2 (CH2)8Me

266

k, h7j

g7j

i ) PhSNa; j ) MCPBA; k) Ph3P=CH(CH2)4Me.

e) O3/MeOH; f ) Me2S; g) Ph3P=CHBu; h) LiAlH4/CoCl2;

²ÇÂÅÇÐÕÞ: a) PrMgBr/Li2CuCl4; b) H3O+; c) TsCl/Py; d ) NaI;
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¡ÎÍËÎËÓÑÄÂÐËÇ ÔÖÎß×ÑÐÑÄ 265 Ë 266 ËÑÆËÆÑÏ 264 Ë
ÒÑÔÎÇÆÖáÜÇÇ ÆÇÔÖÎß×ÑÐËÎËÓÑÄÂÐËÇ ÒÓÑÆÖÍÕÑÄ 267 Ë 268
ÒÓËÄÇÎÑ Í ÙÇÎÇÄÞÏ ÔÕÓÖÍÕÖÓÂÏ 175 Ë 263.

°ÍËÔÎÇÐËÇ ÆËÇÐÂ (S )-42 ÐÂÆÍËÔÎÑÕÂÏË ÒÓÑÕÇÍÂÇÕ ÔÇÎÇÍ-
ÕËÄÐÑ Ô ÑÃÓÂÊÑÄÂÐËÇÏ ÏÑÐÑàÒÑÍÔËÆÂ 246, ÍÑÕÑÓÞÌ ÅÎÂÆÍÑ
ËÊÑÏÇÓËÊÖÇÕÔâ Ä ÂÎÎËÎÑÄÞÌ ÔÒËÓÕ 269, ËÔÒÑÎßÊÑÄÂÐÐÞÌ Ä
ÔËÐÕÇÊÇ àÍÄËÏÑÎâÓÐÑÌ ÔÏÇÔË àÓËÕÓÑ- Ë ÕÓÇÑ-ÆËÒÓËÑÐËÎÂÙÇ-
ÕÂÕÑÄ 17, ÍÑÐ×ËÅÖÓÂÙËÑÐÐÑ ÑÆÐÑÓÑÆÐÞØ ÒÑ (3S )-ÂÔËÏÏÇÕÓË-
ÚÇÔÍÑÏÖ ÙÇÐÕÓÖ.68 ¬ÂÕÂÎËÊËÓÖÇÏÑÇ CuI ÔÑÚÇÕÂÐËÇ ÂÙÇÕÂÕÂ 270
Ô ÅÇÒÕËÎÏÂÅÐËÌÃÓÑÏËÆÑÏ, ÕÓÂÐÔ×ÑÓÏÂÙËâ ÒÓÑÆÖÍÕÂ ÓÇÂÍÙËË
271 Ä ÇÐÑÐ 272 ÑÍËÔÎÇÐËÇÏ ÒÑ µÑÍÍÇÓÖ ë¸ÖÆÊË Ë ÆÂÎßÐÇÌÛËÇ
ÐÇÔÎÑÉÐÞÇ ÒÓÇÄÓÂÜÇÐËâ ÒÓËÄÇÎË Í (3S,7R/S )-17.

£ ÔËÐÕÇÊÇ (10R)-ÏÇÕËÎÆÑÆÇÙ-1-ËÎÂÙÇÕÂÕÂ 116 ÏÑÐÑàÒÑÍ-
ÔËÆ 246 ÚÇÓÇÊ ÆËÑÎ (S )-43 ÒÓÇÄÓÂÜÇÐ Ä ÒÓÇÆÇÎßÐÞÌ ÔÒËÓÕ 249.
³ÑÚÇÕÂÐËÇ ÒÑÎÖÚÇÐÐÑÅÑ ËÊ ÐÇÅÑ ÕÑÊËÎÂÕÂ 115 Ô ÓÇÂÍÕËÄÑÏ
¤ÓËÐßâÓÂ 274 ÊÂÄÇÓÛËÎÑ ÔËÐÕÇÊ ×ÇÓÑÏÑÐÂ 116.69

­ÇÅÍÑ ÆÑÔÕÖÒÐÞÌ ËÊ ÔÒËÓÕÂ 249ìÃÓÑÏËÆ (R)-89ìÐÂÛÇÎ
ÒÓËÏÇÐÇÐËÇ Ä ÔËÐÕÇÊÇ Z- Ë E-ÕÓÑÅÑÆÇÓÏÂÎÇÌ 93 (R)-ÍÑÐ×ËÅÖ-
ÓÂÙËË. ¬ÎáÚÇÄÞÏË ÔÕÂÆËâÏË ÊÆÇÔß âÄÎâáÕÔâ ÓÇÂÍÙËË ÍÂÕÂ-
ÎËÊËÓÖÇÏÑÅÑ CuI ÍÓÑÔÔ-ÔÑÚÇÕÂÐËâ ÔÑÑÕÄÇÕÔÕÄÖáÜÇÅÑ ÓÇÂÍ-
ÕËÄÂ ¤ÓËÐßâÓÂ Ô ÒÇÓÄËÚÐÞÏ (275)70 Ë ÄÕÑÓËÚÐÞÏ (276)71

ÂÎÎËÎßÐÞÏË ÂÙÇÕÂÕÂÏË, ÒÓÑÕÇÍÂáÜËÇ ÒÑ ÏÇØÂÐËÊÏÂÏ SN2 Ë
SN2

0 ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ (ÔØÇÏÂ 14).
¬ËÔÎÑÕÂ 114, ÒÑÎÖÚÇÐÐÂâ ÒÓË ÑÍËÔÎÇÐËË ÒÑ ¥ÉÑÐÔÖ ÆËÑÎÂ

(S )-43, ËÔÒÑÎßÊÑÄÂÐÂ Ä ÔËÐÕÇÊÇ (+)-(3S)-ÏÇÕËÎÅÇÐàÌÍÑÊÂÐ-2-
ÑÐÂ 279 ì ÂÐÂÎÑÅÂ ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÕÂÓÂÍÂÐÂ-ÒÓÖÔÔÂÍÂ
(Blatella germanica). ¥Îâ àÕÑÅÑ ÔÑÇÆËÐÇÐËÇ 114 ÃÞÎÑ ÒÓÇÄÓÂ-
ÜÇÐÑ Ä ÆÄÇ ÔÕÂÆËË Ä ÕÑÊËÎÂÕ 277, ÔÑÚÇÕÂÐËÇ ÍÑÕÑÓÑÅÑ Ô
ÓÇÂÍÕËÄÑÏ ¤ÓËÐßâÓÂ 278 Ë ÒÑÔÎÇÆÖáÜÇÇ ÑÍËÔÎÇÐËÇ ÒÓÑÏÇÉÖ-
ÕÑÚÐÑÅÑ ÑÎÇ×ËÐÂ ÒÑ µÑÍÍÇÓÖ ë¸ÖÆÊË ÊÂÄÇÓÛËÎË ÔËÐÕÇÊ ÙÇÎÇ-
ÄÑÅÑ ÍÇÕÑÐÂ 279.72

¥ËÑÎ (S )-43 ÃÞÎ ËÔÒÑÎßÊÑÄÂÐ Ä ÍÂÚÇÔÕÄÇ ËÔØÑÆÐÑÅÑ ÄÇ-
ÜÇÔÕÄÂ ÒÓË ÔËÐÕÇÊÇ ÂÕÕÓÂÍÕÂÐÕÂ ÏÖÚÐÞØ ØÓÖÜÂÍÑÄ ì
(4R,8R)-ÆËÏÇÕËÎÆÇÍÂÐÂÎâ (4R,8R)-29.

265
a, b

(CH2)7Me

SO2Ph

267

c

76%

266
a, b

(CH2)8Me

SO2Ph

268

c
263

²ÇÂÅÇÐÕÞ: a) BunLi; b) 264; c) Na7Hg.

(5S, 9S)-175

(S)-42
a

246
b, c

R=H (269);
R = Ac (270)

d

84%

Me(CH2)7

Me(CH2)7

d ) Me(CH2)6MgBr/CuI; e) O2/PdCl27CuCl; f ) H2/Ni.

²ÇÂÅÇÐÕÞ: a) MCPBA; b) LDA; c) Ac2O/Et3N/DMAP;

OR

e

70%

271

O
f, c

88%

272

(3S, 7R/S)-17

246
a

81%
OH

OH(S)-43

b, c

90%

249 115
d

91%

e

89%

g) NaBH4; h) Ac2O/Py.

e)

²ÇÂÅÇÐÕÞ: a) HClO4; b) HIO4; c) H2/Ni; d ) TsCl/Py;

O

O

BrMg(CH2)5 (274); f ) HCl7H2O;

O

O

(CH2)8

273

f7g

76.7%
116

(S)-43
a7c

60%
OTs

277

d, e

63%

(CH2)16Me

O 279

e) O2/PdCl27CuCl.

d ) Me(CH2)14MgBr (278)/Li2CuCl4;

²ÇÂÅÇÐÕÞ: a) H2CrO4; b) LiAlH4; c) TsCl/Py;

O

O

(CH2)5

(CH2)5

O

O

b, c

71%

b, d

68%

e

97%

e

92%
(R)-E-93

(R)-Z-93

a

85%
249 (R)-89

O

O

(CH2)5AcO²ÇÂÅÇÐÕÞ: a) PBr3/Py; b) Mg/CuI; c)

O

O

(CH2)5

OAc
(276); e) H3O+.d )(275);

³ØÇÏÂ 14
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¤ËÆÓËÓÑÄÂÐËÇ ÆËÑÎÂ (S )-43, ÒÇÓËÑÆÂÕÐÑÇ ÓÂÔÜÇÒÎÇÐËÇ
ÒÓÑÏÇÉÖÕÑÚÐÑÅÑ ÐÂÔÞÜÇÐÐÑÅÑ ÂÐÂÎÑÅÂ Ë ÒÑÔÎÇÆÖáÜÇÇ
ÑÍËÔÎÇÐËÇ ÒÑÎÖÚÇÐÐÑÅÑ ÂÎßÆÇÅËÆÂ Ag2O ÆÂÎË ÐÂÔÞÜÇÐÐÖá
ÍËÔÎÑÕÖ (R)-68, ÒÓÇÄÓÂÜÇÐÐÖá ÒÑ ÓÇÂÍÙËË ·ÖÐÔÆËÍÍÇÓÂ Ä
(R)-ÃÓÑÏËÆ 164. £ÕÑÓÑÌ ÍÑÏÒÑÐÇÐÕ ÆÎâ ÔËÐÕÇÊÂ
(4R,8R)-29 ì ÕÑÊËÎÂÕ 281 ì ÔËÐÕÇÊËÓÑÄÂÐ ËÊ àÒÑÍÔËÆÂ 280.
¬ÑÐÆÇÐÔÂÙËâ ÔÑÇÆËÐÇÐËâ 281 Ô ÓÇÂÍÕËÄÑÏ ¤ÓËÐßâÓÂ ËÊ ÃÓÑ-
ÏËÆÂ 164 Ë ÒÑÔÎÇÆÖáÜËÇ ÐÇÔÎÑÉÐÞÇ ÕÓÂÐÔ×ÑÓÏÂÙËË ÒÓËÄÇÎË
Í ÙÇÎÇÄÑÏÖ ÒÓÑÆÖÍÕÖ (4R,8R)-29.73

£ ÔËÐÕÇÊÇ ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÒÇÓÔËÍÑÄÑÅÑ ÎËÔÕÑÄÑÅÑ
ÏËÐÇÓÂ ì (14S )-ÏÇÕËÎ-1-ÑÍÕÂÆÇÙÇÐÂ (S )-162 ì ËÊ ÆËÑÎÂ
(S )-43 ËÔÒÑÎßÊÑÄÂÐÑ ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÇ ÔÑÚÇÕÂÐËÇ ÕÑÊËÎÂÕÑÄ
282 Ë 283 Ô ÔÑÑÕÄÇÕÔÕÄÖáÜËÏË ÓÇÂÍÕËÄÂÏË ¤ÓËÐßâÓÂ.74

´ÑÊËÎÑÍÔËÂÙÇÕÑÐËÆ 282 ÑÍÂÊÂÎÔâ ÕÂÍÉÇ ÖÆÑÃÐÞÏ ËÔØÑÆ-
ÐÞÏ ÔÑÇÆËÐÇÐËÇÏ Ä ÔËÐÕÇÊÇ (10R)-ÏÇÕËÎÕÓËÆÇÍÂÐ-2-ÑÐÂ
(R)-158, ÄÍÎáÚÂáÜÇÏ ÕÓÂÐÔ×ÑÓÏÂÙËá 282 Ä ÂÎßÆÇÅËÆ 284,
ÒÓÇÄÓÂÜÇÐËÇ ÒÑÔÎÇÆÐÇÅÑ Ä ÕÑÊËÎÂÕ 285, ÍÑÕÑÓÞÌ ÔÑÚÇÕÂÎË Ô
ÓÇÂÍÕËÄÑÏ ¤ÓËÐßâÓÂ 286.75

¦ÜÇ ÑÆÐÂ ÔØÇÏÂ ÔËÐÕÇÊÂ ×ÇÓÑÏÑÐÂ (R)-158 ÃÂÊËÓÖÇÕÔâ ÐÂ
ÄÊÂËÏÑÆÇÌÔÕÄËË ÂÎßÆÇÅËÆÂ 284 Ô ÂØËÓÂÎßÐÞÏ ÏÂÅÐËÌÑÓÅÂÐË-
ÚÇÔÍËÏ ÔÑÇÆËÐÇÐËÇÏ 287.76

¯ÇÒÓÇÆÇÎßÐÞÌ ÂÙÇÕÑÐËÆ 288, ÍÑÕÑÓÞÌ ÎÇÅÍÑ ÒÑÎÖÚÂÇÕÔâ
ËÊ (S )-42, ÏÑÉÇÕ ÃÞÕß ÑÍËÔÎÇÐ ÐÂÆÍËÔÎÑÕÂÏË Ä àÒÑÍÔËÆ 280,
ËÔÒÑÎßÊÑÄÂÐÐÞÌ Ä ÔËÐÕÇÊÇ 4-ÏÇÕËÎÅÇÒÕÂÐ-3-ÑÎÂ (290),
(3S,4S )-ËÊÑÏÇÓ ÍÑÕÑÓÑÅÑ âÄÎâÇÕÔâ ÂÅÓÇÅÂÙËÑÐÐÞÏ ×ÇÓÑÏÑ-
ÐÑÏ ÊÂÃÑÎÑÐÐËÍÂ ÄâÊÑÄÑÅÑ (Scolytus multistriatus).77 £ÊÂËÏÑ-
ÆÇÌÔÕÄËÇ 280 Ô MeMgI ÆÂÇÕ ÄÕÑÓËÚÐÞÌ ÔÒËÓÕ 289 Ô ÓÂÄÐÞÏ
ÔÑÑÕÐÑÛÇÐËÇÏ àÓËÕÓÑ- ËÕÓÇÑ-ËÊÑÏÇÓÑÄ. ¥ÂÎßÐÇÌÛËÇ ÕÓÂÐÔ-
×ÑÓÏÂÙËË ÒÓÑÕÇÍÂáÕ ÃÇÊ ÊÂÕÓÂÅËÄÂÐËâ ØËÓÂÎßÐÞØ ÙÇÐÕÓÑÄ.
ªÐÆËÄËÆÖÂÎßÐÞÇ ËÊÑÏÇÓÞ ÄÞÆÇÎÇÐÞ £¿¨·.

±ÑÄÞÔËÕß ÔÕÇÓÇÑÔÇÎÇÍÕËÄÐÑÔÕß ÆÑ ÔÑÑÕÐÑÛÇÐËâ 85 : 15 Ä
ÒÑÎßÊÖ àÓËÕÓÑ-ËÊÑÏÇÓÂ 291Â ÖÆÂÎÑÔß Ä ÔËÐÕÇÊÇ (4S,6S,7S )-7-
ÅËÆÓÑÍÔË-4,6-ÆËÏÇÕËÎÐÑÐÂÐ-3-ÑÐÂ (ÔÇÓÓËÍÑÓÐËÐÂ) (294Â) ì
ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÏÂÎÑÅÑ ÕÂÃÂÚÐÑÅÑ ÉÖÍÂ (Lasioderma
serricorne).78

(R)-68

CO2H
a7c

71%
(S)-43

d

55%
164

280

b, e, f

70%O

O

281

TsO g, h, b

68%
(4R,8R)-29

f ) TsCl/Py; g) 164/Mg/Li2CuCl4; h) AcOH7H2O.

²ÇÂÅÇÐÕÞ: a) H2/Pd/C; b) HIO4; c) Ag2O; d ) Br2/HgO; e) NaBH4;

O

O

O

282

TsO(S)-43
a7d

57%

(CH2)9
OTs i

86%
283

(S)-162

g) HIO4; h) NaBH4; i ) MeMgI.

e) H2C=CH(CH2)9MgBr/Li2CuCl4; f ) AcOH7H2O;

²ÇÂÅÇÐÕÞ: a) Me2CO/TsOH; b) B2H6; c) H2O2/NaOH; d ) TsCl/Py;

O

O

e7h, d

66%

a7c

79%
284

282
O d, e

84%

285

OTs f, b

79%
(R)-158

(286).
OO

BrMge) TsCl/Py; f )

²ÇÂÅÇÐÕÞ: a) MeMgI/Li2CuCl4; b) H3O+; c) HIO4; d ) NaBH4;

284
a, b

78%

OO

OTs

c, d

(R)-158

OO
ClMg

c) LiAlH4; d ) PPTs/H2O.

²ÇÂÅÇÐÕÞ: a) (287); b) TsCl/Py;

288

a

84%
280

b

O

OAc

f, g

OH erythro-290

OH threo-290

e) HIO4; f ) NH2NH2
.H2O/KOH; g) HPLC.

²ÇÂÅÇÐÕÞ: a) MCPBA; b) MeMgI/CuI; c) Ac2O/Py; d ) AcOH7H2O;

O

O

289HO

c7e

60%O

O

AcO 291a

280
a, b, Ô

66%

+

AcO 291b

²ÇÂÅÇÐÕÞ: a) HIO4; b) EtTi(OPri)3; c) Ac2O/Et3N/DMAP.

O

O

O

O

µÔÒÇØË ØËÏËË 66 (12) 1997 1117



°ÍËÔÎËÕÇÎßÐÞÏ ÓÂÔÜÇÒÎÇÐËÇÏ ÆËÑÍÔÑÎÂÐÑÄÑÅÑ ÙËÍÎÂ
ÔÑÇÆËÐÇÐËÌ 291Â Ë 291b ÒÑÎÖÚÇÐÂ ÔÏÇÔß ÕÓÇÑ- Ë àÓËÕÓÑ-ÂÙÇÕ-
ÑÍÔËÍËÔÎÑÕ 292Â Ë 292b, ÜÇÎÑÚÐÑÌ ÅËÆÓÑÎËÊ ÒÓËÄÑÆËÕ Í ÔÏÇÔË
ÎÂÍÕÑÐÑÄ 293Â Ë 293b, ÒÓÇÄÓÂÜÇÐÐÞØ, ÔÑÅÎÂÔÐÑ ÓÂÃÑÕÇ 79, Ä
ÙÇÎÇÄÑÌ ×ÇÓÑÏÑÐ 294Â Ô ÒÓËÏÇÔßá (15%) ÕÓÇÑ-ËÊÑÏÇÓÂ 294b.

ªÔØÑÆÐÞÏ ØËÓÂÎßÐÞÏ ÔÕÓÑËÕÇÎßÐÞÏ ÃÎÑÍÑÏ Ä ÔËÐÕÇÊÇ
(R)- Ë (S )-àÐÂÐÕËÑÏÇÓÑÄ 3,7-ÆËÏÇÕËÎ-2¦-ÑÍÕÇÐ-1,8-ÆËÑÎÂ 240
Ë 3,7-ÆËÏÇÕËÎ-2¦-ÑÍÕÇÐ-1,8-ÆËÍÂÓÃÑÐÑÄÑÌ ÍËÔÎÑÕÞ 239 ì
ÒÓÑÆÖÍÕÂ ÔÇÍÓÇÙËË ÃÂÃÑÚÍË Monarch Ë ÔÑÑÕÄÇÕÔÕÄÇÐÐÑ ÒÑÎÑ-
ÄÑÅÑ ×ÇÓÑÏÑÐÂ Callosobruchus chinensis ì ÔÎÖÉÂÕ ÓÇÅËÑËÊÑ-
ÏÇÓÞ ÆËÅËÆÓÑÏËÓÙÇÐÂ 42ì2,6-ÆËÏÇÕËÎ-1,7-ÑÍÕÂÆËÇÐÞ (295)
(R)- ËÎË (S )-ÍÑÐ×ËÅÖÓÂÙËË ç.80 °ÊÑÐÑÎËÊ ÆËÇÐÂ (R)-295 ÒÓË-

ÄÑÆËÕ Í ØËÓÂÎßÐÑÏÖ ÑÍÔÑÂÎßÆÇÅËÆÖ 296, ÂÎßÆÇÅËÆÐÂâ ÅÓÖÒÒÂ Ä
ÍÑÕÑÓÑÏ ÆÎâ ÒÑÔÎÇÆÖáÜÇÅÑ ÔÇÎÇÍÕËÄÐÑÅÑ ÑÎÇ×ËÐËÓÑÄÂÐËâ
ÃÞÎÂ ÊÂÜËÜÇÐÂ ÆÄÖÏâ ÒÖÕâÏË: ÔÇÎÇÍÕËÄÐÞÏ ÅËÆÓËÆÐÞÏ
ÄÑÔÔÕÂÐÑÄÎÇÐËÇÏ Ô ÒÑÎÖÚÇÐËÇÏ ÅËÆÓÑÍÔËÍÇÕÑÐÂ 297 ËÎË ÑÃÓÂ-
ÊÑÄÂÐËÇÏ ÑÍÔÑÂÙÇÕÂÎâ 299. £ÊÂËÏÑÆÇÌÔÕÄËÇ ÅËÆÓÑÍÔËÍÇÕÑÐÂ
297 Ô ÕÓËÏÇÕËÎ×ÑÔ×ÑÐÑÂÙÇÕÂÕÑÏ ÒÑ ÓÇÂÍÙËË £ËÕÕËÅÂ ë·ÑÓ-
ÐÇÓÂ ÆÂÎÑ ÔÏÇÔß ËÊÑÏÇÓÐÞØ E- Ë Z-ÅËÆÓÑÍÔËà×ËÓÑÄ 298. ªØ
ÄÑÔÔÕÂÐÑÄÎÇÐËÇ ÒÓËÄÇÎÑ Í ÔÑÑÕÄÇÕÔÕÄÖáÜÇÌ ÔÏÇÔË E- Ë
Z-ÆËÑÎÑÄ 240, ËÊ ÍÑÕÑÓÑÌ ËÐÆËÄËÆÖÂÎßÐÞÌ E-ËÊÑÏÇÓ ÄÞÆÇ-
ÎâÎÔâ ØÓÑÏÂÕÑÅÓÂ×ËÚÇÔÍË.

£Ñ ÄÕÑÓÑÏ ÄÂÓËÂÐÕÇ ÔËÐÕÇÊÂ ÕÓÂÐÔ×ÑÓÏÂÙËâ ÑÍÔÑÂÙÇÕÂÎâ
299 Ä ÙÇÎÇÄÑÌ ÆËÑÎ (R)-240 ÄÍÎáÚÂÎÂ ÓÇÂÍÙËá £ËÕÕËÅÂ ë
·ÑÓÐÇÓÂ, ÒÓËÄÇÆÛÖá Í ÔÏÇÔË E- Ë Z-à×ËÓÑÄ 300. ²ÂÔÜÇÒÎÇ-
ÐËÇ ÂÙÇÕÂÎâ Ë ÒÑÔÎÇÆÖáÜÇÇ ÅËÆÓËÆÐÑÇ ÄÑÔÔÕÂÐÑÄÎÇÐËÇ ÆÂÎË
ÔÏÇÔß E- Ë Z-ÆËÑÎÑÄ (R)-240 Ä ÔÑÑÕÐÑÛÇÐËË 4 : 1.

¯Â ÑÔÐÑÄÇ ÑÍÔÑÂÎßÆÇÅËÆÂ 296 ÒÓÇÆÎÑÉÇÐ ÇÜÇ ÑÆËÐ ÏÇÕÑÆ
ÔËÐÕÇÊÂ ×ÇÓÑÏÑÐÂ (R)-239, ÍÑÕÑÓÞÌ ÄÍÎáÚÂÇÕ ÑÍËÔÎÇÐËÇ
ÂÎßÆÇÅËÆÐÑÌ ×ÖÐÍÙËË Ä ÑÍÔÑÂÎßÆÇÅËÆÇ 296 Ë ÔÑÚÇÕÂÐËÇ ÒÑ
£ËÕÕËÅÖ ë·ÑÓÐÇÓÖ ÑÍÔÑÍËÔÎÑÕÞ 301 Ô ÕÓËÏÇÕËÎ×ÑÔ×ÑÐÑÂÙÇ-
ÕÂÕÑÏ. ±ÑÎÖÚÇÐÐÂâ ÔÏÇÔß ÏÑÐÑà×ËÓÑÄ ÆËÍÂÓÃÑÐÑÄÞØ ÍËÔÎÑÕ
302 (E/Z* 4 : 1) ÃÞÎÂ ÑÏÞÎÇÐÂ Ë ËÊ ÐÇÇ ÄÞÆÇÎÇÐ Ô ÒÑÏÑÜßá
£¿¨· E-ËÊÑÏÇÓ (R)-239.80

IV. ¥ÓÖÅËÇ ÒÓËÏÇÓÞ ÔËÐÕÇÊÑÄ
£ ÔËÐÕÇÊÇ ×ÇÓÑÏÑÐÑÄ ÐÂÔÇÍÑÏÞØ ÆÓÖÅËÇ ÏÑÐÑÕÇÓÒÇÐÑÄÞÇ
ÔÑÇÆËÐÇÐËâ ÆÑ ÐÂÔÕÑâÜÇÅÑ ÄÓÇÏÇÐË ÐÂØÑÆËÎË ÅÑÓÂÊÆÑ ÏÇÐß-
ÛÇÇ ÒÓËÏÇÐÇÐËÇ. ªÔÒÑÎßÊÑÄÂÎËÔß ÑÎÇ×ËÐÞ ì ÎËÏÑÐÇÐ Ë
ÆËÅËÆÓÑÎËÏÑÐÇÐ, ÔÒËÓÕÞ ì ÏÇÐÕÑÎ Ë ÎËÐÂÎÑÑÎ 81 Ë
ÍÇÕÑÐÞ ì ÏÇÐÕÑÐ, ÍÂÓÄÑÐ,82 ë 85 ÆËÅËÆÓÑÍÂÓÄÑÐ Ë ÍÂÏ×ÑÓÂ.

µÆÑÃÐÞÏ ËÔØÑÆÐÞÏ ÔÑÇÆËÐÇÐËÇÏ ÆÎâ ÔËÐÕÇÊÂ ×ÇÓÑÏÑ-
ÐÑÄ, ÔÑÆÇÓÉÂÜËØ ØËÓÂÎßÐÞÌ ÙÇÐÕÓ Ô ËÊÑÒÓÑÒÇÐËÎßÐÑÌ ÅÓÖÒ-
ÒÑÌ, ÑÍÂÊÂÎÔâ ÎËÏÑÐÇÐ 303. ªÔØÑÆâ ËÊ àÐÂÐÕËÑÏÇÓÂ (R)-303
ÔËÐÕÇÊËÓÑÄÂÐ 3-ÏÇÕËÎ-(6R)-ËÊÑÒÓÑÒÇÐËÎ-3,9-ÆÇÍÂÆËÇÐ-1-ËÎ-
ÂÙÇÕÂÕ (R)-(315) ì ÒÑÎÑÄÑÌ ×ÇÓÑÏÑÐ ÍÓÂÔÐÑÌ ÍÂÎË×ÑÓÐËÌ-
ÔÍÑÌ ÜËÕÑÄÍË.86 ¿ÕÂ ÊÂÆÂÚÂ ÄÞÒÑÎÐÇÐÂ ÒÖÕÇÏ ÒÂÓÙËÂÎßÐÑÅÑ

a

66%
291a+ 291b

CO2H

OAc 292a

+ CO2H

OAc 292b

b, c

92%

O

O

H

293a

+
O

O

H

293b

d

O

O

H

+
O

O

H

e

O

H

HO

294a

+
O

H

HO

294b

d ) MeI, LiN(SiMe3)2;79 e) EtMgBr.

²ÇÂÅÇÐÕÞ: a) CrO3/6N H2SO4; b) KOH/MeOH; c) HCl/H2O;

296
a

87%
O

OMe

OMe299

b

67%

OMe

OMe

MeO

O

300

c, d

55%

(R)-240 (E/Z=4 : 1)

c) NaOH/H2O; d ) LiAlH4.

²ÇÂÅÇÐÕÞ: a) MeOH/TsOH; b) (MeO)2P(O)CH2CO2Me/NaH;

296
a

54%
OH

O

O301

b

87%

OH

O

MeO

O

302

c

92%

(R)-239 (E/Z* 4 : 1)

b) (MeO)2P(O)CH2CO2Me/NaH; c) HCO2H/H2O.

²ÇÂÅÇÐÕÞ: a) AgNO3/EtOH7H2O;

ç ¯Â ÒÓËÄÇÆÇÐÐÞØ ÔØÇÏÂØ ÆÂÐÞ ÒÓÇÄÓÂÜÇÐËâ ÆÎâ (R)-àÐÂÐÕËÑÏÇÓÑÄ.

a, b

84%
295

O
O

296

c

74%

O
OH

297

d

74%

MeO

O

298 (E/Z=4:1)

HO

(R)-240 (E/Z=4:1)

e) LiAlH4.

²ÇÂÅÇÐÕÞ: a) O3; b) Me2S; c) NaBH4; d ) (MeO)2P(O)CH2CO2Me/NaH;

e

97%
OH

OH
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ÑÊÑÐÑÎËÊÂ (R)-303, ÒÓÑÕÇÍÂáÜÇÅÑ ÔÇÎÇÍÕËÄÐÑ ÒÑ àÐÆÑÙËÍÎË-
ÚÇÔÍÑÌ ÆÄÑÌÐÑÌ ÔÄâÊË. £ ÓÇÊÖÎßÕÂÕÇ ÒÑÎÖÚÇÐ ÑÍÔÑÂÙÇÕÂÎß 304,
ÒÓÇÄÓÂÜÇÐÐÞÌ Ä ÒÓÑÏÇÉÖÕÑÚÐÞÌ ÆËàÕËÎ×ÑÔ×ÂÕ 305, ÑÃÓÂ-
ÃÑÕÍÂ ÍÑÕÑÓÑÅÑ ÎËÕËÇÏ Ä ÂÏÏËÂÍÇ ÆÂÎÂ ÆËÇÐÂÙÇÕÂÎß 306. ³Ðâ-
ÕËÇ ÊÂÜËÕÞ Ô ÍÂÓÃÑÐËÎßÐÑÌ ÅÓÖÒÒÞ Ë ÍÑÐÆÇÐÔÂÙËâ ÒÑÎÖÚÇÐ-
ÐÑÅÑ ÂÎßÆÇÅËÆÂ 307 ÒÑ±ÇÕÇÓÔÑÐÖ Ô ÔËÎËÎËÏËÐÑÏ 308 ÒÓËÄÇÎË
Í ÂÆÆÖÍÕÖ 309, ÅËÆÓÑÎËÊ ÍÑÕÑÓÑÅÑ ÆÂÎ ÔÑÒÓâÉÇÐÐÞÌ ÂÎßÆÇÅËÆ
310, ÄÑÔÔÕÂÐÑÄÎÇÐÐÞÌ Ä ÂÎÎËÎßÐÞÌ ÔÒËÓÕ 311 (ÔØÇÏÂ 15).

´ÓÂÐÔ×ÑÓÏÂÙËâ ÔÒËÓÕÂ 311 Ä ÙÇÎÇÄÑÌ ÂÙÇÕÂÕ (R)-315
ÑÔÖÜÇÔÕÄÎÇÐÂ ÆÄÖÏâ ÔÒÑÔÑÃÂÏË. ±ÇÓÄÞÌ ËÊ ÐËØ ÄÍÎáÚÂÇÕ
ÏâÅÍÑÇ ÔÐâÕËÇ ÃÇÐÊËÎßÐÑÌ ÊÂÜËÕÞ (Ä ÖÔÎÑÄËâØ ÓÇÂÍÙËË
¢ÇÓÚÂ), ÒÑÔÎÇÆÖáÜÇÇ ÒÓÇÄÓÂÜÇÐËÇ ÂÎÎËÎßÐÑÌ ÔÒËÓÕÑÄÑÌ
ÅÓÖÒÒÞ ÆËÑÎÂ 312 Ä ØÎÑÓÂÎÎËÎßÐÖá, ÄÑÔÔÕÂÐÑÄÎÇÐËÇ ØÎÑÓ-
ÅËÆÓËÐÂ 313 Ë ÂÙÇÕËÎËÓÑÄÂÐËÇ ÔÒËÓÕÂ 314.

¡ÎßÕÇÓÐÂÕËÄÐÞÌ ÒÖÕß ÕÓÂÐÔ×ÑÓÏÂÙËË 311 Ä ÂÙÇÕÂÕ
(R)-315 ÄÍÎáÚÂÎ ÔÕÂÆËá ÒÑÎÖÚÇÐËâ ÔÖÎß×ÑÐÂÕÂ 316, ÄÑÔÔÕÂ-
ÐÑÄÎÇÐËÇ ÍÑÕÑÓÑÅÑ ÆÂÎÑ ÃÇÐÊËÎÑÄÞÌ à×ËÓ 317. ©ÂÏÇÐÂ Ä ÐÇÏ
ÃÇÐÊËÎßÐÑÌ ×ÖÐÍÙËË ÐÂ ÂÙÇÕÂÕÐÖá ÒÓËÄÇÎÂ Í ÙÇÎÇÄÑÏÖ ÒÓÑ-
ÆÖÍÕÖ (R)-315.

¢Ë×ÖÐÍÙËÑÐÂÎßÐÞÌ ØËÓÂÎßÐÞÌ ÔËÐÕÑÐ 304 Ô ÖÔÒÇØÑÏ
ËÔÒÑÎßÊÑÄÂÐ Ä ÔÕÇÓÇÑÔÒÇÙË×ËÚÇÔÍÑÏ ÔËÐÕÇÊÇ 3Z- Ë 3E-ËÊÑÏÇ-
ÓÑÄ ÒÓÑÒËÑÐÂÕÑÄ 3,9-ÆËÏÇÕËÎ-(6R)-ËÊÑÒÓÑÒÇÐËÎ-3,9-ÆÇÍÂ-

311
a

88%

312

OH

OH

b

313

OH

Cl

c

85%

314

OH d

94%

(R)-315

OAc

c) LiAlH4; d ) Ac2O/Py.

²ÇÂÅÇÐÕÞ: a) Li/NH3; b) N-ØÎÑÓÔÖÍÙËÐËÏËÆ (NCS)/Me2S;

311
a OBn

316

b

93%

²ÇÂÅÇÐÕÞ: a) SO3/Py; b) LiAlH4; c) Ac2O/HClO4.

OBn

317

c

80%
(R)-315

OSO3H

²ÇÂÅÇÐÕÞ: a) O3/MeOH; b) (NH2)2CS; c) HC(OMe)3/CeCl3 . 6H2O; d ) LDA; e) ClPO(OEt)2; f ) Li/NH3; g) HClO4;

(R)-303

OMe

O

304

OMe

OPO(OEt)2

305

f

72%

OMe

306

g

100%

d, ea7c

68%

O

307

OBn

NBut

309

i, j

66%

h

OBn

CHO

310

OBn

CH2OH

311

k

100%

h) BnO NBut

SiEt2

(308)/BunLi; i ) (CO2H)2/H2O; j ) PCC; k) LiAlH4.

OMe OMe OMe

³ØÇÏÂ 15

304
a, b

80% CHO

318

c7e

318
f, d, g

OR0R

324, 325, Z-322

323

O7 PPh3

R
MeH

O7

+

b, h

15%

319

O7 PPh3

R Me
OTHPH

+

b

35%

OR0

R

320, 321, E-322

h) EtCOCl/Et3N.

d ) BunLi; e) MeI; f ) Ph3P=CHMe; g)

²ÇÂÅÇÐÕÞ: a) Ph3P=CH2; b) H3O+; c) Ph3P=CH(CH2)2OTHP;

O
;

R0 =H (321, 325); THP (320, 324),EtCO (E-322, Z-322).

R = ;
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ÆËÇÐ-1-ÑÎÑÄ 322, ËÊ ÍÑÕÑÓÞØ Z-ËÊÑÏÇÓ âÄÎâÇÕÔâ ÒÑÎÑÄÞÏ
×ÇÓÑÏÑÐÑÏ ÜËÕÑÄÍË ÃÇÎÑÅÑ ÒÇÓÔËÍÂ (Pseudaulacaspis penta-
gona).87 £ ÔËÐÕÇÊÇ E-322 ÒÓÑÆÖÍÕ ÏÇÕËÎÇÐËÓÑÄÂÐËâ Ë ÒÑÔÎÇ-
ÆÖáÜÇÅÑ ÅËÆÓÑÎËÊÂ ÑÍÔÑÂÙÇÕÂÎâ 304 ì ÆËÇÐÂÎß 318 ì Ô
ÒÑÏÑÜßá ÏÑÆË×ËÙËÓÑÄÂÐÐÑÌ (ÒÑ ¬ÑÓË) ÓÇÂÍÙËË £ËÕÕËÅÂ
ÚÇÓÇÊ ÒÓÑÏÇÉÖÕÑÚÐÞÌ ÃÇÕÂËÐ 319 ÒÓÇÄÓÂÜÇÐ Ä ÕÓËÊÂÏÇÜÇÐ-
ÐÞÌ ÑÎÇ×ËÐ 320 (Ô ÔÑÆÇÓÉÂÐËÇÏ ¦-ËÊÑÏÇÓÂ5 97%). ¥ÇÒÓÑ-
ÕÑÐËÓÑÄÂÐËÇ ÃÇÕÂËÐÂ, ÑÃÓÂÊÖáÜÇÅÑÔâ ËÊ MeCH=PPh3 Ë
ØËÓÂÎßÐÑÅÑ ÂÎßÆÇÅËÆÂ 318, Ë ÒÑÔÎÇÆÖáÜÂâ ÑÃÓÂÃÑÕÍÂ
ÑÍËÔßá àÕËÎÇÐÂ ÒÓËÄÇÎË ÚÇÓÇÊ ËÐÕÇÓÏÇÆËÂÕ 323 Í Z-ÅÑÏÑÂÎ-
ÎËÎÑÄÑÏÖ ÔÒËÓÕÖ 324 Ë ÆÂÎÇÇ Í ÙÇÎÇÄÑÏÖ ÍÑÏÒÑÐÇÐÕÖ ×ÇÓÑ-
ÏÑÐÂ Z-322 Ô ÔÑÆÇÓÉÂÐËÇÏ ÑÔÐÑÄÐÑÅÑ ÔÕÇÓÇÑËÊÑÏÇÓÂ598%.

¥Îâ ÔÕÇÓÇÑËÊÑÏÇÓÑÄ 332Â Ë 332b ì ÍÑÏÒÑÐÇÐÕÑÄ ÒÑÎÑ-
ÄÑÅÑ ×ÇÓÑÏÑÐÂ ÊÇÎÇÐÑÅÑ ÄÑÐáÚÇÅÑ ÉÖÍÂ (Nezara viridula) ì
ÒÓÇÆÎÑÉÇÐ ÏÇÕÑÆ ÔËÐÕÇÊÂ, ÃÂÊËÓÖáÜËÌÔâ ÐÂ ÑÊÑÐÑÎËÊÇ ÔÏÇÔË
(1 : 1) a- Ë b-ÎËÏÑÐÇÐÑÍÔËÆÑÄ 326.88 £ÑÔÔÕÂÐÑÄÎÇÐËÇ ÔÑÑÕÄÇÕ-
ÔÕÄÖáÜËØ ÑÊÑÐËÆÑÄ ÒÓËÄÑÆËÕ Í ÔÏÇÔË ÍÇÕÑÐÑÄ 327Â Ë 327b,
ÍÑÕÑÓÞÇ ÃÞÎË ÓÂÊÆÇÎÇÐÞ ØÓÑÏÂÕÑÅÓÂ×ËÚÇÔÍË. ¥Îâ ÒÑÎÖÚÇ-
ÐËâ ÍÑÏÒÑÐÇÐÕÂ 332Â àÐÂÐÕËÑÏÇÓ 327Â ÚÇÓÇÊ ÕÇÓÏËÐÂÎßÐÞÌ
ÂÙÇÕËÎÇÐ 328 ÒÓÇÄÓÂÜÇÐ Ä ÔÑÑÕÄÇÕÔÕÄÖáÜËÌ à×ËÓ 329. ±ÓÑ-
ÕÇÍÂáÜÇÇ ÓÇÅËÑ- Ë ÔÕÇÓÇÑÔÒÇÙË×ËÚÐÑ ÔÑÒÓâÉÇÐÐÑÇ ÒÓËÔÑÇÆË-
ÐÇÐËÇ Me2CuLi ÒÓËÄÑÆËÕ Í Z-ÑÎÇ×ËÐÖ 330, ËÊ ÍÑÕÑÓÑÅÑ ÚÇÓÇÊ
ÔÑÑÕÄÇÕÔÕÄÖáÜËÌ ÔÒËÓÕ ÒÑÎÖÚÇÐ ÃÓÑÏËÆ 331. ¬ÑÐÆÇÐÔÂÙËÇÌ
ÒÑÔÎÇÆÐÇÅÑ Ô 1-ÎËÕËÌ-2-ÏÇÕËÎÒÓÑÒÇÐÑÏ ÔËÐÕÇÊËÓÑÄÂÐ ÙÇÎÇ-
ÄÑÌ àÐÆÑ-àÒÑÍÔËÆ 332Â.

¡ÐÂÎÑÅËÚÐÑ ËÊ ÍÇÕÑÐÂ 327b ÒÑÎÖÚÇÐ ÆÓÖÅÑÌ ÍÑÏÒÑÐÇÐÕ ì
Z-332b.88

¿ÒÑÍÔËÍÇÕÑÐ 327b ÐÂÛÇÎ ÒÓËÏÇÐÇÐËÇ Ä ÍÂÚÇÔÕÄÇ ËÔØÑÆ-
ÐÑÅÑ ÔÑÇÆËÐÇÐËâ ÇÜÇ Ä ÑÆÐÑÏ ÔËÐÕÇÊÇ ×ÇÓÑÏÑÐÂ 332b. ³ÑÚÇ-
ÕÂÐËÇ 327b Ô ÔÖÎß×ÑÐÑÏ 333 ÒÓËÄÇÎÑ ÒÑÔÎÇ ÆÇÔÖÎß×ÖÓËÊÂÙËË Í
ÔÏÇÔË Z- Ë E-ËÊÑÏÇÓÑÄ ×ÇÓÑÏÑÐÂ 332, ËÊ ÍÑÕÑÓÑÌ Z-332b
ÄÞÆÇÎÇÐ ØÓÑÏÂÕÑÅÓÂ×ËÚÇÔÍË.89

(+)-¥ËÅËÆÓÑÎËÏÑÐÇÐ (R)-(334) ËÔÒÑÎßÊÑÄÂÐ Ä ÍÂÚÇÔÕÄÇ
ËÔØÑÆÐÑÅÑ ÄÇÜÇÔÕÄÂ Ä ÔËÐÕÇÊÇ (7)-ÒÇÓËÒÎÂÐÑÐÂ £ (350) ì
ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÂÏÇÓËÍÂÐÔÍÑÅÑ ÕÂÓÂÍÂÐÂ (Periplaneta
americana).90, 91 ´ÂÍ, ÐÂ ÒÇÓÄÑÏ ÇÅÑ àÕÂÒÇ ÑÊÑÐÑÎËÊÑÏ ÕÇÓÒÇÐÂ
(R)-334 ÃÞÎ ÒÑÎÖÚÇÐ ÆËÏÇÕËÎÂÙÇÕÂÎß 335, ÍÑÕÑÓÞÌ ÔÍÑÐÆÇÐ-
ÔËÓÑÄÂÎË Ô ÃÓÑÏËÔÕÞÏ ÂÎÎËÎÑÏ. °ÍËÔÎËÕÇÎßÐÑÇ ÓÂÔ-
ÜÇÒÎÇÐËÇ ÆÄÑÌÐÑÌ ÔÄâÊË Ä ÑÎÇ×ËÐÇ 336 Ë ÄÑÔÔÕÂÐÑÄÎÇÐËÇ
ÒÓÑÏÇÉÖÕÑÚÐÑÅÑ ÑÍÔÑÂÎßÆÇÅËÆÂ ÆÂÎÑ (ÒÑÔÎÇ ÂÙÇÕËÎËÓÑÄÂ-
ÐËâ Ë ÔÐâÕËâ ÊÂÜËÕÞ) ÂÎßÆÇÅËÆ 337, ÍÑÕÑÓÞÌ ÆÂÎÇÇ ÃÞÎ
ÒÓÇÄÓÂÜÇÐ Ä ÐÇÒÓÇÆÇÎßÐÞÌ ÅËÆÓÑÍÔËÔÖÎß×ËÆ 338. ´ÑÊËÎËÓÑ-
ÄÂÐËÇÏ ÒÇÓÄËÚÐÑÌ ÔÒËÓÕÑÄÑÌ ÅÓÖÒÒÞ ÒÑÔÎÇÆÐÇÅÑ Ë ÊÂÜËÕÑÌ
ÄÕÑÓËÚÐÑÌ ÅËÆÓÑÍÔËÅÓÖÒÒÞ ÒÑÎÖÚÇÐÑ ÔÑÇÆËÐÇÐËÇ 339, ÙËÍ-
ÎËÊÖáÜÇÇÔâ Ä ÖÔÎÑÄËâØ ÆÇÒÓÑÕÑÐËÓÑÄÂÐËâ. ±ÓÑÆÖÍÕ 340
ÐÇÔÎÑÉÐÞÏË ÕÓÂÐÔ×ÑÓÏÂÙËâÏË ÒÓÇÄÓÂÜÇÐ Ä ÔÖÎß×ÑÍÔËÆ
345, ÕÇÓÏÑÎËÊ ÍÑÕÑÓÑÅÑ ÒÓËÄÇÎ Í a,b-ÐÇÐÂÔÞÜÇÐÐÑÏÖ ÙËÍ-
ÎËÚÇÔÍÑÏÖ ÍÇÕÑÐÖ 346. ¿ÒÑÍÔËÆËÓÑÄÂÐËÇ 346 ÒÓÑÕÇÍÂÎÑ
ÓÇÅËÑÔÇÎÇÍÕËÄÐÑ Ô ÑÃÓÂÊÑÄÂÐËÇÏ ÒÓÇËÏÖÜÇÔÕÄÇÐÐÑ àÒÑÍ-
ÔËÆÂ 347. ±ÑÔÎÇÆÐËÌ ÚÇÓÇÊ ÔÕÂÆËá ×ÇÐËÎÔÇÎÇÐËÆÂ 348 ÃÞÎ
ÒÓÇÄÓÂÜÇÐ Ä ÆËÍÇÕÑÐ 349, ÄÊÂËÏÑÆÇÌÔÕÄËÇ ÍÑÕÑÓÑÅÑ Ô
ÏÇÕËÎËÆÇÐÆËÏÇÕËÎÔÖÎß×ËÆÑÏ ÒÓÑÕÇÍÂÎÑ ÔÇÎÇÍÕËÄÐÑ ÒÑ
ÑÆÐÑÌ ËÊ ÍÇÕÑÅÓÖÒÒ Ë ÒÓËÄÇÎÑ Í ÙÇÎÇÄÑÏÖ ÆËàÒÑÍÔËÆÖ 350
(ÔØÇÏÂ 16).

(R)-(7)-­ËÐÂÎÑÑÎ (351) ÐÂÛÇÎ ÒÓËÏÇÐÇÐËÇ Ä ÔËÐÕÇÊÇ
ÙËÍÎËÚÇÔÍÑÅÑ ÇÐÑÎà×ËÓÂ ì (2R),5-ÆËÏÇÕËÎ-2-ËÊÑÒÓÑÒËÎ-2,3-
ÆËÅËÆÓÑ×ÖÓÂÐÂ (357) ì ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÔÂÏÑÍ ÉÖÍÑÄ
Hylecoetus dermestoides. ´ÂÍ, ÅËÆÓÑÒÇÓÇÍËÔÐÑÇ ÑÍËÔÎÇÐËÇ 351
ÆÂÎÑ àÒÑÍÔËÆ 352, ÄÑÔÔÕÂÐÑÄÎÇÐÐÞÌ Ä ÆËÑÎ 353. ³ÇÎÇÍÕËÄÐÑÇ
ÕÑÊËÎËÓÑÄÂÐËÇ ÇÅÑ ÄÕÑÓËÚÐÑÌ ÅËÆÓÑÍÔËÅÓÖÒÒÞ Ë ÒÑÔÎÇÆÖá-
ÜÇÇ ÔÑÚÇÕÂÐËÇ ÕÑÊËÎÂÕÂ Ô ÍÖÒÓÂÕÐÞÏ ÓÇÂÅÇÐÕÑÏ ÒÓËÄÇÎË Í
ÔÒËÓÕÖ 354, ÑÍËÔÎÇÐËÇ ÍÑÕÑÓÑÅÑ ÔËÔÕÇÏÑÌRuCl37NaIO4 ÆÂÎÑ
(Ä ÓÇÊÖÎßÕÂÕÇ ÔÒÑÐÕÂÐÐÑÌ ÙËÍÎËÊÂÙËË ÒÓÑÏÇÉÖÕÑÚÐÑÌ
ÅËÆÓÑÍÔËÍËÔÎÑÕÞ) ÎÂÍÕÑÐ 355. ±ÑÔÎÇÆÐËÌ ÃÞÎ ÒÓÇÄÓÂÜÇÐ Ä

O

E-332b

327b
a7c

Z-322b +

²ÇÂÅÇÐÕÞ: a) PhSO2 (333)/BunLi; b) PhCOCl; c) Na7Hg.(R)-303

O

326

a, b

92%

O

O
327a

+

O

O
327b

327a
c, d, c

63%

O

328

e, f

95%

O

CO2Me

329

g

97%

O

CO2Me

330

h, i

56%

O

Br
331

j

82%

O

332a

Z-332b

O

327b

O

²ÇÂÅÇÐÕÞ: a) O3; b) PPh3; c) LDA; d ) (EtO)2P(O)Cl; e) BunLi;

j ) Br /BunLi.

f ) ClCO2Me; g) Me2CuLi; h) Bu
i
2AlH; i ) CBr4 .PPh3;

...
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ÅËÆÓÑÍÔËÍÇÕÑÐ 356, ÙËÍÎËÊÂÙËâ ÍÑÕÑÓÑÅÑ ÒÖÕÇÏ ÒÇÓÇÅÑÐÍË
ÐÂÆ CaSO4 ÊÂÄÇÓÛÂÇÕ ÔËÐÕÇÊ ×ÇÓÑÏÑÐÂ 357.92

(7)-¥ËÅËÆÓÑÍÂÓÄÑÐ (358) ËÔÒÑÎßÊÑÄÂÐ Ä ÔËÐÕÇÊÇ ÑÆÐÑÅÑ ËÊ
ÍÑÏÒÑÐÇÐÕÑÄ ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÍÓÂÔÐÑÌ ÍÂÎË×ÑÓÐËÌÔÍÑÌ
ÜËÕÑÄÍË (3S,6S )-157.93 ³ àÕÑÌ ÙÇÎßá ÍÇÕÑÐ 358 ÒÓÇÄÓÂÜÇÐ Ä
ÔËÎËÎÑÄÞÌ à×ËÓ ÇÐÑÎÂ 359, ÑÊÑÐÑÎËÊ ÍÑÕÑÓÑÅÑ ÆÂÎ ÅËÆÓÑÍ-
ÔËà×ËÓ 360. ±ÑÔÎÇÆÐËÌ ÚÇÓÇÊ ÔÕÂÆËË ÃÓÑÏà×ËÓÂ 361, ÃÓÑÏÅË-
ÆÓËÐÂ 362, ËÑÆËÆÂ 363 Ë ÔÑÑÕÄÇÕÔÕÄÖáÜÇÅÑ ÐËÕÓËÎÂ ÃÞÎ
ÒÓÇÄÓÂÜÇÐ Ä ÙÇÎÇÄÑÌ ÒÓÑÆÖÍÕ (3S,6S )-157 (ÔØÇÏÂ 17).

¥ÓÖÅÑÌ ÍÑÏÒÑÐÇÐÕ ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÍÓÂÔÐÑÌ ÍÂÎË×ÑÓ-
ÐËÌÔÍÑÌ ÜËÕÑÄÍË (R)-315 ÔËÐÕÇÊËÓÑÄÂÐ ÐÂ ÑÔÐÑÄÇ (+)-ÍÂÏ-
×ÑÓÞ (364) Ô ËÔÒÑÎßÊÑÄÂÐËÇÏ ÔÒÑÔÑÃÐÑÔÕË ÇÇ 9,10-ÆËÃÓÑÏ-
ÒÓÑËÊÄÑÆÐÑÅÑ 365 Í ÓÂÔÜÇÒÎÇÐËá Ä ÜÇÎÑÚÐÑÌ ÔÓÇÆÇ Ô ÑÃÓÂ-
ÊÑÄÂÐËÇÏ ÐÇÒÓÇÆÇÎßÐÑÌ ÃÓÑÏÍËÔÎÑÕÞ 366, ÍÑÕÑÓÂâ ÐÇÔÎÑÉ-
ÐÞÏË ÑÒÇÓÂÙËâÏË ÃÞÎÂ ÒÇÓÇÄÇÆÇÐÂ Ä ÃÓÑÏËÆ 367. °ÃÓÂÃÑÕÍÂ
ÒÑÔÎÇÆÐÇÅÑ NaOMe ÒÓËÄÑÆËÕ Í ÂÙËÍÎËÚÇÔÍÑÏÖ ÅËÆÓÑÍÔË-
à×ËÓÖ 368. °Ð ÃÞÎ ÕÓÂÐÔ×ÑÓÏËÓÑÄÂÐ Ä ÂÎßÆÇÅËÆ 369, ÍÑÐÆÇÐ-
ÔÂÙËÇÌ ÍÑÕÑÓÑÅÑ Ô 2-ÒÓÑÒÇÐËÎÏÂÅÐËÌÃÓÑÏËÆÑÏ ÒÑÎÖÚÇÐ
ÂÎÎËÎßÐÞÌ ÔÒËÓÕ 370. ¦ÅÑ ÔÕÂÐÐËÎßÐÑÇ ÒÓÑËÊÄÑÆÐÑÇ ÒÓÇÕÇÓ-
ÒÇÄÂÇÕ ÄÞÔÑÍÑÔÕÇÓÇÑÔÇÎÇÍÕËÄÐÖá 2,3-ÔËÅÏÂÕÓÑÒÐÖá ÒÇÓÇ-
ÅÓÖÒÒËÓÑÄÍÖ Ä ÔÑÑÕÄÇÕÔÕÄÖáÜËÌ ÅÑÏÑÂÎÎËÎÑÄÞÌ ÔÒËÓÕ
(ÔØÇÏÂ 18).94

¥Îâ ÒÑÎÖÚÇÐËâ àÐÂÐÕËÑÏÇÓÐÑ ÚËÔÕÞØ ×ÇÓÑÏÑÐÑÄ ÐÂ-
ÔÇÍÑÏÞØ ÚÓÇÊÄÞÚÂÌÐÑ ÒÇÓÔÒÇÍÕËÄÐÞÏ ÒÓÇÆÔÕÂÄÎâÇÕÔâ
(3R),7-ÆËÏÇÕËÎÑÍÕÂÐ-(6S)-ÑÎËÆ (373) ì ÒÓÑÆÖÍÕ ÓÇÅËÑ- Ë
ÔÕÇÓÇÑÔÒÇÙË×ËÚÇÔÍÑÅÑ ÑÍËÔÎÇÐËâ ÒÑ ¢ÂÌÇÓÖ ë£ËÎÎËÅÇÓÖ
(7)-ÏÇÐÕÑÐÂ (372), ÎÇÅÍÑÆÑÔÕÖÒÐÑÅÑ ËÊ L-(7)-ÏÇÐÕÑÎÂ (371).

£ ÔËÐÕÇÊÇ ×ÇÓÑÏÑÐÂ ÃÑÎßÛÑÅÑ ÏÖÚÐÑÅÑ ØÓÖÜÂÍÂ (R)-140
ËÊ ÍÎáÚÇÄÑÅÑ ÎÂÍÕÑÐÂ 373 Ä ÓÇÊÖÎßÕÂÕÇ ÐÇÔÎÑÉÐÞØ ÑÆÐÑ-
ÊÐÂÚÐÑ ÒÓÑÕÇÍÂáÜËØ ÕÓÂÐÔ×ÑÓÏÂÙËÌ ÔÑÇÆËÐÇÐËâ 374 Ä ÔÑÇ-
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²ÇÂÅÇÐÕÞ: a) ButOOH/VO(acac)2; b) LiAlH4; c) TsCl/Py;

µÔÒÇØË ØËÏËË 66 (12) 1997 1121



O
a, b

98%

358

Me3SiO
c7e

90%

359

MeO2C OH

360

f, g

90%
MeO2C Br

361

h

HO
Br

362

j) I2 .PPh3; k) NaCN; l) NaOH; m) LiAlH4; n) Ac2O/Py.

²ÇÂÅÇÐÕÞ: a) LDA; b) Me3SiCl; c) O3/MeOH/CH2Cl2; d) NaBH4; e) CH2N2; f) MsCl/Py; g) Bu4NBr; h) Bui2AlH; i) H2C=CHCH2MgCl/CuI;

i, j

72%

I

363

k7n

80%
AcO

(3S, 6S)-157

³ØÇÏÂ 17

R= ButMe2Si.

²ÇÂÅÇÐÕÞ: a) Br2/ClSO3H; b) Zn/NaOH; c) KOH/DMSO; d ) HCl; e) LiAlH4; f ) O3/MeOH; g) Me2S; h) ButMe2SiCl/DMAP;

O

364

a, b

31%

O

Br

Br
365

c, d

98%

Br

H
HO2C

366

e7h

64%

Br

H

O

RO

367

i

57%

MeO2C OR

368

e, j, k, l, j

30%
O

369

m

80%

OH
370

n, o

83%

(R)-315

OAc

i ) NaOMe; j ) PCC; k) H2C=PPh3; l ) Bu4NF; m) CH2=C(Me)MgBr; n) Bu3SnCH2I/BunLi; o) Ac2O/Py.

³ØÇÏÂ 18

CO2Me

O 375

e

88%

376
O O

CO2Me

377
O O

f

90%

g, h

OH

371

a

99%
O

372

b

98%
O

O

373

c, d

77%
CO2Me

OH 374

a

90%

i ) TsCl/Py; j ) Et2CuLi; k) H2/PdCl2; l) PBr3/Py; m) Mg; n) CO2; o) LiAlH4.

²ÇÂÅÇÐÕÞ: a) PCC; b) C10H21SO3OH; c) KOH/MeOH; d ) MeOH/TsOH; e) (CH2OH)2/TsOH; f ) Bui2AlH; g) BnCl/KOH; h) HCl;

(R)-140
OBn

m7o

62.5%Br

k, l

86%

i, j

68%

380

HO
OBn

O

OBn

378

b

98%
O

O

OBn

379

f

90%

OH

³ØÇÏÂ 19

1122 ¤.À.ªÛÏÖÓÂÕÑÄ, ®.±.ÁÍÑÄÎÇÄÂ, ².Á.·ÂÓËÔÑÄ, ¤.¡.´ÑÎÔÕËÍÑÄ



ÆËÐÇÐËÇ 377 ÒÑÎÖÚÇÐ ÃÇÐÊËÎÑÍÔËÍÇÕÑÐ 378, ÒÓÇÄÓÂÜÇÐËÇ
ÍÑÕÑÓÑÅÑ Ä ÙÇÎÇÄÖá ÔÕÓÖÍÕÖÓÖ ÃÞÎÑ ÄÞÒÑÎÐÇÐÑ ÚÇÓÇÊ ÔÕÂÆËË
ËÊÑÒÓÑÒËÎÑÄÑÅÑ à×ËÓÂ 379 ËÏÑÐÑÃÇÐÊËÎßÐÑÅÑ ÒÓÑËÊÄÑÆÐÑÅÑ
ÆËÑÎÂ 380 (ÔØÇÏÂ 19).95, 96

¥Îâ ÒÑÔÕÓÑÇÐËâ ÏÑÎÇÍÖÎÞ ÑÒÕËÚÇÔÍË ÚËÔÕÑÅÑ ÂÐÂÎÑÅÂ
ÒÑÎÑÄÑÅÑ ×ÇÓÑÏÑÐÂ ÕÂÓÂÍÂÐÂ-ÒÓÖÔÔÂÍÂ 279 ÎÂÍÕÑÐ 373 ÃÞÎ
ÄÑÔÔÕÂÐÑÄÎÇÐ Ä ÔÑÑÕÄÇÕÔÕÄÖáÜËÌ ÎÂÍÕÑÎ 381, ÑÎÇ×ËÐËÓÑÄÂ-
ÐËÇ ÍÑÕÑÓÑÅÑ Ë ÅËÆÓËÓÑÄÂÐËÇ ÒÑÎÖÚÇÐÐÑÅÑ Ä ÓÇÊÖÎßÕÂÕÇ
Z-ÑÎÇ×ËÐÂ 382 ÒÓËÄÇÎÑ Í ÔÒËÓÕÖ 383. ±ÓË ÆÂÎßÐÇÌÛÇÏ
ÆÑÔÕÓÂËÄÂÐËË ÖÅÎÇÓÑÆÐÑÅÑ ÔÍÇÎÇÕÂ ÒÑÔÎÇÆÐÇÅÑ ÆÑ ÙÇÎÇÄÑÅÑ
a-ÏÇÕËÎÍÇÕÑÐÂ 279 ËÔÒÑÎßÊÑÄÂÐÂ ÒÑÔÎÇÆÑÄÂÕÇÎßÐÑÔÕß ÒÓÑÕÇ-
ÍÂáÜËØ ÃÇÊ ÊÂÕÓÂÅËÄÂÐËâ ÂÔËÏÏÇÕÓËÚÇÔÍÑÅÑ ÙÇÐÕÓÂ ³(6)
ÒÓÇÄÓÂÜÇÐËÌ: ÑÍËÔÎÇÐËÇ 383 Ä ÍÇÕÑÐ 384, ÍÑÕÑÓÞÌ ÃÞÎ
ÓÇÅËÑÔÒÇÙË×ËÚÐÑ ÕÓÂÐÔ×ÑÓÏËÓÑÄÂÐ ÒÑ ¢ÂÌÇÓÖ ë£ËÎÎËÅÇÓÖ Ä
ËÊÑÒÓÑÒËÎÑÄÞÌ à×ËÓ 385; ÑÍËÔÎËÕÇÎßÐÑÇ ÆÇÍÂÓÃÑÍÔËÎËÓÑÄÂ-
ÐËÇ ÔÑÑÕÄÇÕÔÕÄÖáÜÇÌ ÍËÔÎÑÕÞ Ë ÑÍËÔÎÇÐËÇ ÑÃÓÂÊÖáÜÇÅÑÔâ
ÂÎÍÇÐÂ 386 ÒÑ µÑÍÍÇÓÖ ë¸ÖÆÊË.97, 98

£ ÑÔÐÑÄÇ ÔËÐÕÇÊÂ (3S)-ÂÙÇÕÑÍÔË-2,6-ÆËÏÇÕËÎ-6-ÅÇÒÕÇÐÂ
(388) ì ÂÐÂÎÑÅÂ ×ÇÓÑÏÑÐÂ ÚÇÓÄÇÙÂ ¬ÑÏÔÕÑÍÂ (Pseudococcus
comstocki) ÕÂÍÉÇ ÎÇÉËÕ ÑÍËÔÎÇÐËÇ ÒÑ ¢ÂÌÇÓÖ ë£ËÎÎËÅÇÓÖ
ËÔØÑÆÐÑÅÑ ÍÇÕÑÐÂ 372 Ë ÒÑÔÎÇÆÖáÜÇÇ ÑÍËÔÎËÕÇÎßÐÑÇ ÆÇÍÂÓ-
ÃÑÍÔËÎËÓÑÄÂÐËÇ ÒÓÑÏÇÉÖÕÑÚÐÑÌ ÂÙÇÕÑÍÔËÍËÔÎÑÕÞ 387.99

±ÓÇÆÔÕÂÄÎÇÐÐÞÌ ÑÃÊÑÓ ÎËÕÇÓÂÕÖÓÞ ÐÂÅÎâÆÐÑ ÆÇÏÑÐÔÕÓË-
ÓÖÇÕ à××ÇÍÕËÄÐÑÔÕß ËÔÒÑÎßÊÑÄÂÐËâ ÑÒÕËÚÇÔÍË ÂÍÕËÄÐÞØ
ÏÑÐÑÕÇÓÒÇÐÑËÆÑÄ Ä ÔËÐÕÇÊÂØ ØËÓÂÎßÐÞØ ×ÇÓÑÏÑÐÑÄ ÐÂÔÇÍÑ-
ÏÞØ.
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MONOTERPENOIDS IN THE SYNTHESIS OFOPTICALLY ACTIVE INSECT PHEROMONES
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The data on the use of cyclic and acyclic monoterpenoids in the synthesis of optically active insect
pheromones are summarised.
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