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Abstract-Forevaluatingtheeffectivenessoforganicsynthesis,bothintellectual 

propertyfactor(IPF）andapplicationpotentialfactor(APF)areproposedAsa 

representativeexample，ahighlyeffectivesyntheticmethoｄｗｉｔｈＩＰＦｖａｌｕｅｏｆ 

５３８ａｎｄＡＰＦｖａｌｕｅｏflOOhasbeenestablishedstartingｆｒomindigodirecting 

towardanantibiotic,６－cyano-5-methoxy-12-methylindolo[2,3-α]carbazole,using 

onlyconventionalreagentswithoutusinganyprotectinggroups． 

Ｗｅｈａｖｅｎｅｗｌｙｐｒｏｐｏｓｅｄｔｗｏｋｉｎｄｓｏｆmeasures2,3fOrevaluatingeffectivenessoforganicsynthesisThe 

oneisanintellectualpropertyfactor(IPF)andtheotherisanapplicationpotentialfactor(APF).ThelPF 

isatotalrateofintellectualpropertyofeveryreactionstepandeverycompoundinvolvedinthesynthesis， 

includingstartingmaterial，targetcompound，andallsyntheticintermediates・Itisobtainedbythe

fOrmula2制showninthereference2､ZSimilarly，APFiscalculatedaccordingtothｅｆｂｒｍｕｌａｓｈｏｗｎｉｎｔｈｅ

ｒｅｆｅｌｃｎｃｅ３､2b3Asatypicalexample,ｗｅｗｉｓｈｔｏｒｅｐｏｒｔａｓｙｎｔｈｅｓｉｓｏｆａｎａｎtibiotic,６－cyano-5-methoxy‐ 

l2-methylindolo[2,3-α]carbazole(1),withanlPFvalueof538andAPFvalueoflOO 

Theindolealkaloid(1)wasisolatedasacytotoxicandantiviralcompoundfTomblue-greenalｇａ/ＶＤＷｃ 

ｓｐﾉZaerjc"ｍ(strainEX-5-1)byMooreandco-workers､4Inourprq]ecttoachieveeffectivesynthesisofL 

wehaveestablishedfivesyntheticroutes､ＳＡｍｏｎｇｔｈｅｍｔｈｅｆＯＵｏｗｉｎｇｂｅｃａｍｅａｓatisfiedsynthetic 

route5aforlwithrespecttothelPFandAPFvalues,theoverallyield,thelengthofsyntheticprocess,and 

theoriginalityrate(ＯＲ).6 

3-Acetoxy-2,2,-biindolyl7（３）waspreparedinonestepfYomindigo（２）ｉn8Myieldaccordingtoour 

findings・SQdThen3wasreactedwitbdichloroacetylchlorideinreHuxingethylacetatetogive3-acetoxy-

3,-dichloroacetyl-2,2,-biindolyl(4)in8596yield､Subsequentlywediscoverednovelcyclization'b5aof4 
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ｔｏｃか6-chloro-6a-hydroxy-5-oxo-5,6,6a,12-tetrahydroindolo[2,3-α]carbazole5b（５）ｉｎ９１％yieldby
treatmentwithaqueous１．３％ａｍｍｏｎｉａｉｎＭｅＯＨ－ＤＭＦａｔｒｏｏｍｔｅｍｐｅrature・Methylationof5with

dimethylsulfateinthepresenceofK2CO3producedl2-methylcompound(6)inaquantitativeyieldA 
reductiveｃｙａｎａｔｉｏｎ５ｂｏｆ６ｗａｓｎｅｗｌｙｆＯｕｎｄｔｏｐroduce7inaquantitativeyieldbythereactioｎｗｉｔｈ 

ＮａＣＮｉｎＤＭＦ－Ｈ２０・Finallymethylationof7withdiazomethaneaffbrdedlin８６％yieldDimethyl
sulfatecouldalsobeappliedfOrthefinalstep 
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Thecjs-positioningofthe6-chlorineatomandthe6a-hydroxygroupinthecompound(5)waspreviously 

deducedbasedonitschemicalbehavior､sblnordertodeterminethestereochemistry,５wasconvertedto 

thecorrespondingl2-allylcompound(8)ｉｎ９４％yieldbythetreatmentwithallylbroｍｉｄｅａｎｄＫ2ＣＯ3． 

Thecompound(8)wassuitableprismsfOrX-Raysinglecrystallographicanalysis､Theresultsshownin 

Figurelunequivocallyprovetheexpectedcjs-configuration 

Thus,theantibiotic(1)isnowavailablefTomindigo(2)insixstepswithanoverallyieldof５９％using 

onlyconventionalreagentswithoutusinganyprotectinggroups8 

Intheabovesynthesis,startingmaterialisawidelyuseddye9Thetargetcompoundisanantibiotic､４The 

compound(3)wasfbundtoexhibitpotentbiologicalactivityagainsttelomerase.'olnaddition,wehave 

discoveredthat4，５，６，and7arepotentleadsIlfOrthedevelopmentofinhibitorofbloodplatelet 

aggregationSinceeverycompoundhaseitherabiologicalactivityorausefUlfUnctionality，theAPF 

valueofthissynthesisislOＯ(100ｘ７/7).ThelPFvalueofthesynthesisis538（ｌＯＯｘ７/13)because４，５， 



HETEROCYCLES,Ｖｏｌ､64,2004 ４８５ 

Figurel 

ＮｕｍｂｅｒｉｎｇｏｆＡｔｏｍｓ ｏＲＴＥＰＤｒａｗｉｎｇｏｆ８ 

Ｈ
 

Ｈ
 

雌
／
５
へ

ｃ
Ⅱ
ｃ
 

比二Ｍ札、ハ制Ｉ比
ｃ
Ｉ
Ｃ
 

ｑｒⅡ箭秤帆「／
Ｈ
 

ＦＶ「燕餌薑”
Ｈ
 

ｃ
Ｉ
ｃ
 

ｃ
ｌ
ｃ
 

比
帳
１
余
平
地
咽
〃

Ｃ
Ｉ
Ｃ
 

へ
／
８

Ｈ
 

Ｈ
 

ｑク囚

TablelPositionalParametersandB(eq)fOr8 

Ｂ(eq） 

４８２(4) 

３６（１） 

４４（１） 

3.0（１） 

3.6（１） 

2.9（１） 

3.5（１） 

４１（１） 

４２(2) 

3.8（１） 

3.1（１） 

3.0（１） 

3２（１） 

3.2（１） 

3.3（１） 

3５（１） 

4.5（２） 

5.4(2) 

５４(2) 

4.6(2) 

3.7（１） 

ａｔｏｍ 

Ｃｌ（１） 

０（１） 

Ｏ(2) 

Ｎ（１） 

Ｎ(2) 

Ｃ（１） 

Ｃ(2) 

Ｃ(3) 

Ｃ(4) 

Ｃ(5) 

Ｃ(6) 

Ｃ(7) 

Ｃ(8) 

Ｃ(9) 

ＣＯＯ） 

ＣＯl） 

ＣＯ２） 

Ｃ（１３） 

Ｃ（１４） 

Ｃｑ５） 

ＣＯ6） 

ａｔｏｍ 

ＣＯ７） 

ＣＵ８） 

ＣＵ９） 

Ｃ(20） 

Ｃ(21） 

Ｈ（１） 

Ｈ(2) 

Ｈ(3) 

Ｈ(4) 

Ｈ(5) 

Ｈ(6) 

Ｈ(7) 

Ｈ(8) 

Ｈ(9) 

ＨＯＯ） 

ＨＯｌ） 

Ｈｕ２） 

ＨＯ３） 

ＨＯ４） 

ＨＯ５） 

Ｘ 

Ｏ」8862(8)

0.0647(2) 

－００２７４(2) 

-0.0140(2) 

-0.2360(2) 

０．１００２(2) 

０．１５３９(3) 

0.2652(3) 

0.3170(3) 

0.2620(3) 

0.1527(3) 

0.0680(3) 

0.0678(3) 

-0.0327(3) 

-0.1314(3) 

-0.2417(3) 

-02930(4) 

-0.4032(4) 

-0.4631（４） 

-0.4166(3) 

-0.3038(3) 

Ｂ(eq） 

３．２（１） 

２．９（１） 

５.］（２） 

6.0(2) 

6.2(2) 

4.42(2) 

4.71（２） 

6.57(3) 

3.31（１） 

3．１９（１） 

5３１（２） 

6.15(2) 

6.48(3) 

4.13（１） 

8.45(4) 

6３１（３） 

9.34（５） 

9.13（５） 

９５２(4) 

４７９(2) 

ｙ 

0.1252（１） 

0.2953(3) 

0.0050(3) 

0.5742(3) 

0.4135(3) 

05950(3) 

0.7224(4) 

0.7217(4) 

0.5971（５） 

0.4698(4) 

0.4685(4) 

03562(3) 

0.2268(4) 

0.1345(4) 

０２１６１（４） 

0.1709(4) 

0.0384(5) 

0.036］（６） 

0.1612(6) 

0.2935(5) 

0.2968(4) 

Ｚ 

0.49317(8) 

02852(2) 

0.3690(2) 

0.3852(2) 

0.2730(2) 

04274(2) 

0.4608(3) 

0.4969(3) 

0.4971（３） 

0.4623(3) 

0.4285(2) 

03768(2) 

0.4421（３） 

03728(3) 

0.3194(3) 

0.2754(3) 

0.2582（３） 

0.2164(4) 

０．１８９０(4) 

0.2040(3) 

0.2477(3) 

X 

-O」3２１（２）

-0.0329(2) 

-0.2706(3) 

-0.3415(4) 

-0.4351（４） 

０．１１４(3) 

0.310(3) 

0.396(4) 

０３０３（３） 

0.063(3) 

-0254(3) 

-0.439(4) 

-0.534(4) 

-0463(3) 

-0.322(5) 

-0.208(4) 

-0328（５） 

-0457(5) 

-0.486(5) 

0.055（３） 

ｙ 

0.3634(4) 

0.4430(4) 

05631（５） 

0.5989(6) 

0.6580(6) 

0.807(4) 

０８０７(5) 

0.601（５） 

0.387(4) 

0.255(4) 

－００５１（５） 

-0056(6) 

0.158(5) 

0.380(4) 

0.577(6) 

0.620(5) 

０．５７１（６） 

0.689(6) 

０６８０(6) 

0.363(4) 

Ｚ 

Ｏ３１６０(3) 

03554(2) 

0.2565(4) 

0.1440(4) 

0.1040(4) 

0.458(3) 

0.523(3) 

0．５１１（４） 

0.465(3) 

0.504(3) 

０．２８１（３） 

0.209(4) 

0.164(4) 

０．１８８(3) 

0.295(4) 

0293(4) 

0.092（５） 

0．１５１（５） 

0.020(5) 

０２４４(4) 
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6,and7areourcoumpounds,andthefirst,5c，dthethird,sbandthefifthsyntheticprocessesIb5aareourown 

reactionsTheoriginalityrate6ofthesynthesisis５７％（ｌ００ｘ４/7） 

Theresultsofbiologicalevaluationsof４，５，６，and7willbereportedinduecourse､1１ 

ＥＸＰＥｍＭＥＮＴＡＬ 

ＩＲｓｐｅｃｔｒａｗｅｒｅｄｅｔｅｒminedwithaHORIBAFT-720spectrophotometerandlH-NMRspectrawitha 

JEOLGSX-500spectrometerwithtetramethylsilaneasaninternalstandard・MSspectraweにI9ecomcdon

aJEOLSX-102AspectrometemColumnchromatographywasperfOrmedonsilicagel（SiO2，100-200 

mesh,fromKantoChemicalCo・Inc.)throughoutthepresentstudy、

3-Acetoxy-30-dichloroacetyl-2,2'一biindolyl(4)from3-Acetoxy-2,2'一biindolyl(3)Sc'd7-Dichloroacetyl

chloride(3.35ｍL,３４．８，mol)wasaddedtoasolutionof35Qd'７（１．０１９，３．４８，mol)inAcOEt（l20mL） 

andthemixturewasreHuxedfOr3hwithstirringAfteradditionofH20，thewholewasextractedwith 

AcOEt・Theextractwaswashedwithbrine,driedoverNa2SO4,andevaporatedunderreducedpressureto

leavearesidue,whichwascolumn-chromatographedonSiO2withAcOEt-hexane（1:２，Ｖ/v）ｔｏｇｉｖｅ４ 

(1.199,8596).４:ｍｐ２２７－２２９℃（decomp,paleyellowfineneedles,recrystallizedfromAcOEt).ＩＲ 

(KBr):3340,1745,1637,742ｃｍ'・ｌＨ－ＮＭＲ(DMSO-d6)６:２．２４(3Ｈ,s),６．７１（ｌＨｓ),７．１６(1Ｈ,t,ﾉｰ7.3

Ｈｚ),7.29-7.36(3Ｈ,、),７．５０（1Ｈ,。,ノー7.3Ｈｚ),７．５２（ｌＨｄ,ノー8.5Ｈｚ),７．５４（1Ｈ,。,ノー8.5Ｈｚ),８．１２

(1Ｈ,。,ノー7.3Ｈｚ)，11.93（1Ｈ,ｂｒｓ,disappearedonadditionofD20)，12.67（ｌＨ,ｂｒｓ,disappearedon

additionofD20).ＭＳｍ/2:404,402,400(Ｍ+).Ａ"α/､CalcdfOrC2oH,4N203Cl2:Ｃ,59.87;Ｈ,3.52;Ｎ,6.98． 

Found:Ｃ,59.60;Ｈ,3.35;Ｎ,6.68． 

cjS-6-Chloro-6a-hydroxy-5-oxo-5,6,6a,I2-tetrahydroindolo[2,3忽]carbazoIe（５）ｆｒｏｍ４－ＺＭ

ＡｑｕｅｏｕｓＮＨ３(2.0ｍL)wasaddedtoasolutionof4(2.449,6.0,mol)ｉｎＭｅＯＨ(２０ｍL)ａｎｄＤＭＦ(２０ 

ｍL),andthemixturewasstirredatrtfbrlhAfterevaporationofthesolventunderreducedpressure,the 

residuewascolumn-chromatographedonSiO2withAcOEt-hexane（1:2,Ｖ/v)tｏｇｉｖｅ５（1.449,9196).５： 

ｍｐ２３６－２３８°Ｃ（decomp,yellowpowder,recrystallizedfromAcOEt).ＩＲ（ＫBr):3335,1680,1593, 

1473,758,738ｃｍ１.ｌＨ－ＮＭＲ(DMSO-db)６:５３２(ｌＨ,s),６．８０(1Ｈ,s,disappearedonadditionofD20)， 

７．３４（ｌＨ,ｄｔ,ﾉｰ0.7,7.7Ｈｚ),７３７（1Ｈ,。t,ﾉｰ0.7,7.7Ｈｚ),７４３（1Ｈ,ｄｔ,ﾉｰＬ2,7.7Ｈｚ),７．５３（1Ｈ,。Ｍ=1.2,

7.7Ｈｚ),７．６０(ｌＨ,。t,ﾉｰ8.1,1.2Ｈｚ),７．７２（1Ｈ,ｄ,ﾉｰ7.7Ｈｚ),７．８２（1Ｈ,ddd,ノー0.5,1.2,7.7Ｈｚ),８．１１（1Ｈ，

ｄｔ,ﾉｰ8.1,1.2Ｈｚ),13.12（1Ｈ,brs,disappearedonadditionofD20).ＭＳ〃z/2:324,322(Ｍ+).Ａ"αﾉ.Calcd

fOrCI8HlIN202Cl･'/4Ｈｚ０:Ｃ,66.06;Ｈ,3.54;Ｎ,8.56.Found:Ｃ,66.16;Ｈ,3.37;Ｎ,8.53. 

ｃか6-Chloro-6a-hydroxy-5-oxo-12-methyl-5,6,6a,12-tetrahydroindolo[2,3-α]carbazole（６）ｆｒｏｍ５

－Ｋ２ＣＯ３(233.4ｍｇ,Ｌ７０ｍｍｏｌ)andMezSO4(0.34ｍL,３．４１，mol)wereaddedtoasolutionof5(110.1 

ｍｇ,０．３４，mol)ｉｎＤＭＦ(８ｍL),andthemixturewasstirredatrtfOr3hAfteradditionofHzOunderice 

waterbath,thewholewasextractedwithAcOEt・Theextractwaswashedwithbrine,driedoverNa2SO4，
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andevaporatedunderreducedpressuretoleavearesidue,whichwascolumn-chromatographedonSiO2 

withAcOEt-hexane（1:1,Ｖ/v)tｏｇｉｖｅ６（116.5ｍｇ,100％)ｂ:ｍｐ２２３－２２５ｏＣ(decomp,yellowprisms， 

recrystallizedfromAcOEt).ＩＲ(KBr):3385,1645,1575,758cm~'､ＩＨ－ＮＭＲ(DMSO-d6)６:４．２６(3us)， 

5.32（1Ｈ,ｓ),６．８２（1Ｈ,ｓ,disappearedonadditionofD20),７．３９（ｌＨ,td,ノー7.3,1.2Ｈｚ),７．４１（lHtd，

ﾉｰ7.3,1.2Ｈｚ),７．５２（1Ｈ,td,ノー7.8,1.5Ｈｚ),７．５５（1Ｈ,td,ﾉｰ7.8,1.5Ｈｚ),7.74--7.80(2Ｈ,、),７．８３（1Ｈ，

.｡，ノー7.3,1.2Ｈｚ)，８．１７（1Ｈ，。｡，ノー7.8,1.5Ｈｚ)．ＭＳｍと：３３８，３３６（Ｍ+)．Ａ"αﾉ．CalcdfOr

C19HI3N202Cl･'/ＺＨ２０:Ｃ,66.00;Ｈ,４．０８;Ｎ,８．１０.Found:Ｃ,６６２７;Ｈ,3.85;Ｎ,7.90. 

6-Cyano-5-hydroxy-12-methylindolo[2,3-cz]carbazole(7)ｆｒｏｍ６－ＮａＣＮ(761.5ｍｇ,１４８，mol)was 

addedtoasolutionof6（165.7ｍｇ,0.49,mol)ｉｎＤＭＦ(１０ｍL)ａｎｄＨ２０(５ｍL),andthemixturewas 

stirICdat70ｏＣｆｂｒｌ５ｍｉｎＡｆｔｅｒａｄｄｉｔｉｏｎｏｆＨ２０,thewholewasextractedwithAcOEt・Theextractwas

washedwithbrine,driedoverNa2SO4，andevaporatedunderreducedpressuretoleavearesidue,which 

wascolumn-chromatographedonSiO2withAcOEt-hexane（1:1,Ｖ/v)tｏｇｉｖｅ７（152.7ｍｇ,100％).７:ｍｐ 

>300°Ｃ(palegraypowder,recrystallizedfTomAcOEt-hexane)ＪＲ(ＫBr):3200,2220,1638,1578,1327, 

740cm~ＵＨ－ＮＭＲ(DMSO-d6)６:４３６(3H,s),7.27(ｌＨ,t,ﾉｰ7.6Ｈｚ),７．３２(ｌＨ,Ｍ=7.6Ｈｚ),7.47(ｌＨ,t， 

ﾉｰ8.0Ｈｚ),７．５１（1Ｈ,t,ノー8.0Ｈｚ),７．７１（1Ｈ,。,ﾉｰ8.0Ｈｚ),７．７４（ｌＨ,。,ノー8.0Ｈｚ),８．３７（1Ｈ,ｄ,ﾉｰ7.6Ｈｚ)，

8.44（1Ｈ,。,ノー7.6Ｈｚ),10.71（1Ｈ,ｂｒｓ,disappearedonadditionofD20),11.74（ｌＨｓ,disappearedon

additionofD20).ＭＳｍ/k:３１１（Ｍ+).Ａ"αﾉ.CalcdfOrC2oH,]Ｎ]０１/8Ｈ２０:Ｃ,76.60;Ｈ,4.26;Ｎ，13.40． 

Found:Ｃ,76.81；Ｈ,4.23;Ｎ，l33L 

6-Cyano-5-methoxy-12-methylindolo[2,3-zz]carbazole(1)from7-ExcessCH2NzinEtzOwasadded 

toasuspensionof7(30.0ｍｇ,０．０９６，mol)ｉｎＭｅＯＨ(４ｍL)andthemixturewasstirredatrtfbr50min 

Afterevaporationofthesolventunderreducedpressure，theresiduewascolumn-chromatographedon 

SiO2withCHCl3togivel（26.7ｍｇ，８６％).Allspectraldataoflareidenticalwiththoseofnatural 

producL4 

cjF-12-Allyl-6-chloro-6a-hydroxy-5-oxo-5,6,6a,12-tetrahydroindolo[2,3-(J]carbazole（８）ｆｍｍ５－ 

Ｋ２ＣＯ３(７５４１ｍｇ,５．４４，mol）andallylbromide（2.70ｍL,３１．１，mol）wereaddedtoasolutionof5 

(501.4ｍｇ,1.56,mol)inanhydrousDMF（１０ｍL),andthemixturewasstirredatrtfOr30minSince 

thework-upusingH20wasfOundtodecompose8,theresidue,obtainedafterevaporationofthesolvent 

underreducedpressure,wasdirectlycolumn-chromatographedonSiO2withAcOEt-hexane（l:2,Ｖ/v)to 

give8(540.3ｍｇ,９６％).８:ｍｐ２０２－２０３ｏＣ(decomp,yellowprisms,recrystallizedfromAcOEt).ＩＲ 

(KBr):1668,1582,1478,750ｃｍ１.ＩＨ－ＮＭＲ(DMSO-db)６:５．１６(1Ｈ,brdd,ﾉｰ17.1,Ｌ５Ｈｚ),５２２(ｌＨ,br 

dd，ノー10.3,1.5Ｈｚ)，５．３５（1Ｈ，ｓ)，５．３６（1Ｈ，．｡,ノー16.3,5.4Ｈｚ)，５．５３（ｌＨ，．｡，ノー16.3,5.4Ｈｚ)，

6.07-6.16（1Ｈ,、),６．８４（1Ｈ,ｓ,disappearedonadditionofD20),７３９（ｌＨ,t,ノー8.1Ｈｚ),７．４０（lHt，

ﾉｰ8.1Ｈｚ),７．５０(1Ｈ,t,ﾉｰ7.5Ｈｚ),７．５５（ｌＨ,t,ノー7.5Ｈｚ),７．７５（1Ｈ,。,ノー８１Ｈｚ),７．７７（ｌＨ,。,ﾉｰ7.5Ｈｚ)，
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7.84（1Ｈ,。,ﾉｰ7.5Ｈｚ),８．１９（1Ｈ,。,ノー8.1Ｈｚ).ＭＳｍと:３６４，３６(Ｍ+).Ａ"αﾉ.CalcdfOrC21HIsN202Cl:Ｃ，

69.52;Ｈ,４１７;Ｎ,7.72.Found:Ｃ,69.49;Ｈ,４．１７;Ｎ,７．４１． 

X-RayCrystallographicAnalysisof8-Asinglecrystal(0.50ｘ０．３０ｘ０．５０ｍｍ)of8wasobtainedby 

recrystallizationfromAcOELAllmeasurementsweremadeonaRigakuAFC5Rdiffractometerwith 

graphitemonochromatedCu-Karadiation（ｽｰ1.54178Ａ)．Crystaldata：C21Hl5N202C１，Ｍ=362.81, 

monoclinic,spacegroupP21/c(#14),α=14141(2)八,６=9.364(1)Ａ,c=14471(1)Ａ,β≧119.152(7)｡，

V=1673.6(3)Ａ3,Ｚ=4,ＤＣ趣,｡=L440g/c㎡,Ｆ(000)=752,ａｎｄ似(CuKoI)=ZL81cm-lThestructurewas

solvedbydirectmethodsusingMITHRILl2Thenon-hydrogenatomswererefinedanisotropically・The

finalcycleoffUll-matrixleast-squaresrefinementwasbasedon2222observedreHections(ﾉ>3.00Ｃ(、，

２０＜120.2｡)and295variableparametersThefinalrefinementconvergedwithR=０.O66andRw=0.089. 
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