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Et    ethyl 

FAB   fast atom bombardment 

GPC   gel permeation chromatography 

HDA    hetero-DielsïAlder 

HMPA    hexamethylphosphoramide 

hp   2-hydroxypyridinate 

HPLC    high performance liquid chromatography 

HRMS    high resolution mass spectrometry 

IC50   half maximal inhibitory concentration 

imp.   impure 

IR    infrared 

Ipc   isopinocampheyl 

KHMDS   potassium hexamethyldisilazane 

LC   liquid chromatography 

LDA    lithium diisopropylamide 

LiHMDS   lithium hexamethyldisilazane 

LRMS   low resolution mass spectrometry 

Me    methyl 

MEM   2-methoxyethoxymethyl 

mer   meridional 

Mes   mesyl 

MOM   methoxymethyl 

MPM    p-methoxyphenylmethyl 

MS    mass spectrometry 

   molecular sieves 

NaHMDS  sodium hexamethyldisilazane 

NBS    N-bromosuccinimide 

NBSH   nitrobenzenesulfonylhydrazide 

NMO   4-methylmorpholine N-oxide 

NMP   N-methylpyrrolidone 

NMR    nuclear magnetic resonance 

NOE    nuclear Overhauser effect 

NOESY   NOE correlated spectroscopy 

PCC    pyridinium chlorochromate 

Ph    phenyl 

PMB   p-methoxybenzyl 

PMP   p-methoxyphenyl 

PPTS    pyridinium p-toluenesulfonate 
iPr    isopropyl 
nPr   normal propyl 

prep.   preparative 

PTPI    3-phthalimidopiperidinonate 

PTTL   N-phthaloyl-tert-leicinate 



Py    pyridyl 

quant.    quantitative yield 

Red-AlÈ   sodium bis(2-methoxyethoxy)alminum hydride 

Rf    retention factor (in chromatography) 

r.t.    room temperature 

SM   starting material 

(S,S)-[Ti]   cyclopentadienyl[(4R,trans)-2,2-dimethyl-Ŭ,Ŭ,Ŭ',Ŭ'-tetraphenyl-1,3-

   dioxolane-4,5-dimethano-O,O']titanium chloride 

TBAF    tetrabutylammonium fluoride 

TBDPS    tert-butyldiphenylsilyl 

TBHP   tert-butyl hydroperoxide 

TBS    tert-butyldimethylsilyl 

TBSP   tert-butylsulfonylprolinate 

TC   thiophene-2-carboxylate 

TES    triethylsilyl 

temp.   temperature 

TEMPO   2,2,6,6-tetramethylpiperidine 1-oxyl 

Tf    trifluoromethanesulfonyl 

TFA    trifluoroacetic acid 

TFAA   trifluoroacetic anhydride 

THF    tetrahydrofuran 

TIPS   triisopropylsilyl 

TLC    thin-layer chromatography 

TM   target material 

TMS    trimethylsilyl 

Tr   trityl (triphenylmethyl) 

tR   retention time 

Ts    p-toluenesulfonyl 

UV   ultraviolet 

Vis   visible 

wt   weight 
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 Φτ ϥ χ₵⁯ ψʺЫЄв˔ʾϸиУйϱІʾЧз˔ ΜϥϯЮзϸ› ⁯ᵤ

Ἣ ϱрЖḠ Υ ᾭ ֦ᵎϒ  ΰθʺΜϩϠϥˮ⁷ ‚˯ϬṐτ ϬὝΠθʻζΰ

οʺ ρᾦωϦϥὣ χⱲ Υ◐ϘϤʺ ψ ⱵӲ ρΜΞ Φσ Ḋ ϬὝΠϥάρ

ρσμθʻ Ⱳ ‚ΰθ ψζχᾋθ Τϣ¬⁷ ºρᾦωϦʺᾝ χễᴬ πζχ ⇔Υ῎

ϣϦϥάρψ σΜΥʺЧз˔χ ΰθ⁷ ʺṋḠЂІϾМЗψ σᵰ χԁνπΚ

ϥʻᵰ ψʺ χ ϜΰΨψῇ τ ἷχכּ ˢᵰ ʿpaddlewheelˣϬ Πʺ

τϢμοάϦϬᵕ ήδϥάρπ Ϭ ϥʻ ṍχ άζᵰ Υ︠ πΚμθ

Υʺῇτᵫ ήϦθІϼзв˔ ϢϤϜ῟ ΥӂΜάρΤϣζχ︠ Ϭ︡μο ϩϦʺᾝ

πψԁ χḢΊ ʺᾰτ ΤϐІмрЩ˔ЕϬ ΜοζχϕρϭςΥІϼзв˔ ρσμο

Μϥʻ 

 άχ¬ᵰ ʿpaddlewheelºρΜΞ ῎ψ Ϭ Ποᴟᶘχ ӽπϜ ΜϣϦοΜϥʻ

βϥ 2 νχ Ỳ ᾖ◓τ ΰο 4 νχ ӡ◓ΥάϦϣϬᴯỆΰθ₃ᶊϬϜνỲ ┬

Ϭ¬ᵰ ἷ ᶋỲ ┬ ʿpaddlewheel complexºρᾦό*ʺᾝ∕Ϙπτ ˑσỲ ᾖ◓Ϭḯϭι

ᵰ ἷ┬ Υ› ήϦοΜϥ 1)ʻ ΨΚϥᵰ ἷ ᶋỲ ┬ χ πϜʺζχНзϵ˔Є

дрχ ήρ Ṑᴟᶘ ᴂϒχ Ϭ― βϥρʺᵰ ἷ ᶋкЅϳЭ(II)┬ ψ ρϜם

τ Ϧθ┬ πΚϥ 2)ʻ 

ᵰ ἷ₃ᶊϬ βϥ ᶋкЅϳЭ(II)┬ ψ Ŭ-ЅϯЋϸиЩИиᴟ› ρ ϞΤτ ᴂΰʺ

◓χ ϬὊοкЅϳЭ(II)ϸиЦр ḧ Ϭ βϥάρΥ ϣϦοΜϥ(Figure 1, 

eq. 1)ʻ ḧ χ ϸиЦрψ τ‰ΜẐ ◓ Ϭꜘΰʺ ï Ὣ›ϒχ ᴥʺ

XïH ᴂ(X = C, O, N, Sé)ʺϱзЖἹ ϬԏΦỲρβϥ ӡʾ ᴥḕᴟ ᴂϬԏΦṞά

β Ϙ̒θ ϱ̋ЬЛе˔ЅЗр Ϭ ἄ ρΰθЗϱЕйр χ ʺ ΨϯЅзЅрᴟ ᴂʺ

CïH ϯЬЛᴟ ᴂʺІиТϱЬЖᴟ ᴂτϜ ┬ ψ ΜϣϦϥ(Figure 1, eq. 2)ʻήϣτʺ

ᶋкЅϳЭ(II)┬ ψϯϺЄϯиӡτ Lewis ṁת ◓Υ ӡβϥ Lewis ▒ρΰοχ ꜘϜל

ΰ Ί̋ᶘᶨ ᴟ› χЄТЕ♯ Х̋Гк DielsïAlder ᴂΣϢό[2+2] ᴥḕᴟ ᴂτΣΪϥ

ρΰοϜ ΜϣϦοΜϥ(Figure 1, eq. 3)ʻ 

 

ἷ┬ πΚϥ ▒кЅϳЭ(II)τḯϘϦϥ 4 νχ ▒ ӡ◓ψʺ ӡ◓ῖḊ ᴂτϢμο

Ӭτ χ ӡ◓ϒρῖḊᴦ πΚϥʻΊᶘᶨ σ ӡ◓Ϭ ΜϥάρτϢμοϺжи ᶋ

                                                      
*ᾆẕּיτϢμοψ χ ᶋỲ ┬ χἹϬ lanthanum ϜΰΨψ Chinese-lanthanum ρ ᾝβϥάρϜ
Κϥʻ 
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1  18E-зрϽРϯкЄЖ C χ ›  

 

1  зрϽРϯкЄЖ χ› ᾆẕΣϢό ›  

 

1  ὂ 

 

 18E-зрϽРϯкЄЖ C(4)ψʺ2010 τϽϯЭχϯФж τӡ βϥТϰрϹ˔ʾз˔Т

ΣϢόϳϴІЌрЄд˔иЇτΣΜο⅜︡ήϦθ Lyngbya bouillonii ϢϤ ʺ  Ὠ

ήϦθϽзЀЄЖЫϼкжϱЖπΚϥ 4)ʻ ᴟ› χ  χ ρΰο 6̋ ԌḕХЬϯЈ

Ќ˔и  ρУкЯЅϵр ₵ϬϜν 14 ԌḕЫϼкжϼЕрΤϣσϥϯϽзЀр τ 6 ν

χ Ϭ ΰʺήϣτζχЫϼкжϼЕрϬ  βϥϵІГиὫ›Υ χЫϼкжϱЖ

τψ ϬᾋσΜ ╣ẘϯиЀ˔иτ βϥ ΥΚΫϣϦϥʻ ᴟ› χ ψʺ

РЄЗиФкЕрḧχϸАФзрϽ ΣϢό NOESY ІЧϼЕиτϢμοὨ ήϦοΜϥʻ

︠σ ᶨ ρΰοʺHeLa ⇔ τ ΰο IC50 = 9.3 ÕMʺHT29 ⇔ τ ΰο IC50 = 13 ÕM χ

⇔ ϬꜘβάρΥ Ⱳτ ⁮ήϦοΜϥΥʺ ι⌠ Ṑ τνΜοψ ϣΤρήϦοΜ

σΜʻ 

 Ϙθʺ18E-зрϽРϯкЄЖ C(4)ρ  Υ ⱨΰοΜϥᴟ› ρΰοʺ18Z-зрϽРϯк

ЄЖ C(5)4)ʺзрϽРϯкЄЖ B(6)5)ʺзрϽЩϳϱкЄЖ(7)6)Υ αϢΞτ Lyngbya sp.ϢϤ

ʺ  Ὠ ήϦοΜϥʻ18E-зрϽРϯкЄЖ C ϬḯϛθάϦϣзрϽРϯкЄЖ τ

πΚϥ ╣ẘϯиЀ˔и χЫϼкжϼЕрϬ ᴡ τΰο  βϥΤρΜΞ π

› ḩ ΥϜθϦοΣϤʺάϦϘπτΜΨνΤχᾆẕϽи˔ФτϢμοάϦϣχ› ᾆẕ

ΥӮήϦοΜϥ 7-14)ʻӟ‭χ πψʺζϦηϦχᴟ› τḩβϥ› ᾆẕτνΜο ᵒβϥ  ̒
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2  зрϽЩϳϱкЄЖχ› ᾆẕ 

 

(1) Ley ϣτϢϥ› ᾆẕ(Scheme 1)7) 

 Ley ϣψ σ ᵲχ ΦΜ C13 ӡχ ╣ẘϯиЀ˔иχЫϼкжϼЕрᴟψ τ₉

πΚϥρ ΰ ά̋ϦϬ ΪϥθϛτЫϼкЂϱϼиϬ C2ïC3 ӡΣϢό C8ïC9 ӡḧπ

βϥάρϬ ΰθʻϵІГи 8 τ ΰο 1,3-ФкОрЅЎϷ˔иχḕᴟϬ Ξ Ặ

ᴥτϢϤжϼЕр₃ᶊϬ  βϥάρπ 9 Ϭ ʺ10 Ῥ χ ḊϬὊοжϼЕр 10 Ϭ›

ΰθ Ϙ̒θ Ί̋ᶘᶨ σϵЪϺЄЖ 11 Τϣ 6 Ῥ χ ḊϬὊοϯиДПЖ 12 ρΰθχκτʺ

ṁϬ βϥϼкЎиЩжр♯ Ϭ⌠ ήδϥάρτϢϤ C10 ӡρ C11 ӡχ ᴟᶘ

Ϭ  ΰʺ3 Ῥ χ ḊϬὊοϵІГи 14 Ϭ› ΰοΜϥʻ› ΰθ 10 ρ 14 ϬϼжϱЉр

ᴂτϢμοϸАФзрϽΰʺ Ψ ḕЮЌЈЄІτϢμοЀϯ  πΚϥЫϼкжϼЕр

χ  Ϭ“σμοΜϥʻLey ϣψζχῇʺ ᴟρЄзиṁχ ẠτϢμο 18 Ϭ ʺ

ρχ 1H NMR ΣϢό 13C NMR χ ᶓϬ“σμοΜϥΥ ς̋κϣϜԁ ΰσΜάρΥ ϣ

ΤρσϤʺ ӛήϦοΜϥ  Υ῏μοΜϥχπψσΜΤρὫ ΪοΜϥ 

 

(2) Cossy ϣτϢϥ› ᾆẕ(Scheme 2)8) 

 Cossy ϣψ ╣ẘϯиЀ˔иχԁ σЫϼкжϼЕрᴟψ₉ πΚϥρ―Πʺ ◓ πϯ

ЄиϾГрϬ βϥάρτϢϤЫϼкЂϱϼиϬ  ΰ 9)ʺζχ ἄ ψ C1ïC8 ТжϽЮ

рЕρ C9ïC13 ТжϽЮрЕχϼкІЮЌЈЄІπ› βϥάρρΰθʻ19 ρ 4-ЧрГЗ˔

иρχϯиЖ˔и ᴂϬ“σμθχκτϺжи HPLC τϢμο ϙρβϥϵЗрЎϷЫ˔20

Ϭ ΰ 2̋ Ῥ χ ḊϬὊο C1ïC8 ТжϽЮрЕ 21 Ϭ› ΰοΜϥʻ ΜοʺΊᶘᶨ σ

ϵЪϺЄЖ 22 Τϣ 3 Ῥ χ ḊϬὊοЅϷ˔и 23 ρΰθῇ T̋EMPO ▒ᴟτ Ψ ϼкЎ
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иЎЌрᴟτϢμο C9ïC13 ТжϽЮрЕ 24 Ϭ ΰθʻάϦϣ 2 νχТжϽЮрЕϬϼк

ІЮЌЈЄІτϢμοϸАФзрϽΰθχκʺ4 Ῥ χ ḊϬὊοϯиЀ˔и 26 Ϭ ΰʺ

άχϜχϬЕиϵр ᴥ βϥάρτϢμο βϥϯЄиϾГр 27 Ϭ ḧ ρβϥḕᴟʺ

ΨГЕжПЖкСжрḕχ  τϢμοϯϽзЀр 29 Ϭ› ΰθʻCossy ϣϜ τ 1H 

NMR ΣϢό 13C NMR χ› ρ ρχ ᶓϬ“σμοΣϤʺςκϣϜ ΦΨӰσμο

ΜϥάρΥ ϣΤρσμθ Ϙ̒θ з̋рϽЩϳϱкЄЖρ 18E-зрϽРϯкЄЖ C χ 13C NMR

τ ⱨ ΥϙϣϦϥάρΤϣʺзрϽЩϳϱкЄЖχ ꜘήϦθ  ψ῏ϤπΚϤʺC11 ӡ

χ ▒ṁχ ᴟᶘψ 18E-зрϽРϯкЄЖ C ρ χϜχπψσΜΤρὫ ξΪοΜϥ*  ̒

 

(3) Sabitha ϣτϢϥ› ᾆẕ(Scheme 3)10) 

 Sabitha ϣψ Ley ΣϢό Cossy ϣχ ⁮ϬϜρτʺзрϽЩϳϱкЄЖχ ήϦϥ  

(30)χ› ᾆẕτνΜο ⁮ΰοΜϥ Ѐ̒ϯ  πΚϥЫϼЕжϼЕрχ  Ϙπ♩μοΜ

σΜθϛ ⇔σ› ІϺ˔Эψ βϥΥʺẄ› ᵔ Ϭ Scheme 3 τꜘΰθʻ ρσϥЫ

ϼкжϼЕрψ C8ïC9 ӡḧπχὫ› ρжϼЕр πὫ› βϥάρτϢμοʺC1ï

C8 ТжϽЮрЕ 31 ΣϢό C9ïC16 ТжϽЮрЕ 32 χ 2 νχТжϽЮрЕτ Ϊο› βϥ

άρρΰοΜϥʻ ᾅπψ ТжϽЮрЕχ› Ϙπḁ ΰοΜϥΥʺάϦϣχϸАФз

рϽτνΜοψԁ ϓϣϦοΜσΤμθʻ 

                                                      
*Ley ϣψ› ΰθЫϼкжϼЕр 18 χᴟ› Д˔ЌϬ ᾅτṜ∏ΰοΣϣγ C̋ossy ϣχ› ΰθϯ
ϽзЀр 29 ρχ ᶓϬ“σΞάρψπΦσΤμθʻ 
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(4) Hanson ϣτϢϥ› ᾆẕ(Scheme 4)11) 

 Hanson ϣψ Cossy ϣρ ϯЄиϾГрϬ ḧ ρβϥЫϼкжϼЕрᴟτϢμοЀϯ 

Ϭ  βϥάρϬ♯ϙοΜϥʻϿжИϷ˔и 33 τ ΰο Sharpless ϵЪϺЄᴟϬ“σ

μθῇτʺRed-AlÈϬ Μοӡ τϵЪϺЄЖχᵫḕϬ“σΜʺЅϷ˔иϬϯЈЌ˔и

ρΰο ῐβϥάρπ 34 Ϭ οΜϥʻ3 Ῥ χ ḊτϢμοϯиЀ˔и 35 ρΰθῇτʺ

ParikhïDoering ▒ᴟʺ Ψ Brown ϼкЎиᴟτϢμο 36 ϒρ Ḋΰʺ ẘ ▒ṁϬ ῐβ

ϥάρπ C8ïC16 ТжϽЮрЕ 37 Ϭ ΰθʻάχϜχτ ΰοЕзϵр 38 Ϭ Μθ ḕ

ЮЌЈЄІ/ϼкІЮЌЈЄІ/ ᴟχ σ ᴂϬ“σΞάρπ 39 ϒρ Ḋΰ 6̋

Ῥ χ ḊϬὊο 40 Ϭ οΜϥʻζχῇʺЕиϵр ᴥ βϥάρτϢμοЫϼкжϼЕр

41 Ϭ  ΰοΜϥʻHanson ϣψ LeyʺCossy ϣΥ ϓοΜθ C11 ӡτḩβϥ ᴟᶘχᾁ

τνΜοψ“σμοΜσΤμθʻ 
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3  зрϽРϯкЄЖ B χ› ᾆẕ 

 

(1) Yadav ϣτϢϥ› ᾆẕ(Scheme 5)12) 

 Yadav ϣψ CossyʺHanson ϣΥ ΜοΜϥϯЄиϾГрϬ βϥ︣ ϬЫϼкжϼЕр

ᴟπψσΨ ◓ḧχϵІГиᴟτ ΜοΜϥ ϯ̒иДПЖ 43 τ ΰο Evans ϯиЖ˔и ᴂ

Ϭ“σμο 44 ρΰθῇτ 4 Ῥ χ ḊτϢμο 45 ρΰ  ̋ὮïSharpless ϵЪϺЄᴟϬ“

σμο 46 Ϭ οΜϥʻӡ σ ▒ ᴟϬ“σΜ 47 ρΰθχκτ 4 Ῥ χ ḊϬὊο

C1ïC8 ТжϽЮрЕ 48 Ϭ› ΰθʻϘθʺϯиЀ˔и 49 Ϭ 2 Ῥ χ Ḋπ 50 ρΰθῇʺ 

ὮïSharples ϵЪϺЄᴟτϢμοϵЪϺЄЖϬ ΰʺ5 Ῥ χ ḊϬὊοϯиЀ˔и 52

Ϭ οΜϥʻζχῇʺ▒ᴟΰθχκτ Evans ϯиЖ˔и ᴂϬ“σΜ 53 ρΰʺ3 Ῥ χ Ḋ

τϢμο C9ïC16 ТжϽЮрЕ 54 Ϭ› ΰθʻάϦϣ 2 νχТжϽЮрЕϬЕиϵр ᴥ

βϥάρτϢμοϸАФзрϽΰʺ Ψ 3 Ῥ χ ḊτϢμοЀϯ  πΚϥЫϼкжϼЕ

р 56 Ϭ  ΰοΜϥʻ 
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(2) ϣτϢϥ › ΣϢό  (Scheme 6ï8)13) 

 Ωựʺ ϣτϢμοзрϽРϯкЄЖ B(6)χ › Υ ήϦθʻ ϣψ Cossy ϣρ

τ ◓ πϯЄиϾГрϬ βϥάρτϢμοЫϼкЂϱϼиχ  Ϭ“σΞάρρΰʺ

ζχ ἄ Ϭ 3 νχРиДϰрϽУкАϼΤϣ› ΰοΜϥʻ ᾅṌ χϵІГи 57 Τϣ 3

Ῥ χ ḊτϢμοϯиЀ˔и 58 ρΰθχκ  ̋ὮïSharpless ϵЪϺЄᴟτ Ψ Red-AlÈ

Ϭ ΜθϵЪϺЄϯиЀ˔иχӡ σᵫḕτϢμο C13 ӡχ Ϭ  ΰθʻζ

χῇʺ3 Ῥ χ ḊϬὊο 1 ν χРиДϰрϽУкАϼ 60 Ϭ› ΰθʻ 

 Μο ᾅṌ χϯиДПЖ 61 τ ΰο Brown ϼкЎиᴟϬ“σΞάρπ C6 ӡΣϢ

ό C7 ӡχ Ϭ  ΰʺ Ψ 4 Ῥ χ ḊτϢμοϸиЩр▒ 63 ρΰθχκτϯиЀ

˔и 64 ρ ›ήδϥάρπ 2 ν χРиДϰрϽУкАϼ 65 Ϭ› ΰθʻ 

 

 › ΰθάϦϣ 2 νχРиДϰрϽУкАϼϬӗ ◓ï ϯрЎϯиЖ˔и ᴂτϢμ

ο ›βϥάρπ C10 ӡΣϢό C11 ӡχ ϬḯϚ 66 Ϭ› ΰθ 6̒ Ῥ χ ḊϬὊθ

χκτʺ3 ν χРиДϰрϽУкАϼπΚϥ ᾅṌ χЄзиЅϵЛ˔иϵ˔Ги 19 ρχ

РИкϹІΰ╦ϯиЖ˔и ᴂτϢμο C5 ӡχ ▒ṁϬ τ ΰʺ Ψ 2 Ῥ χ

ḊτϢμο ἄ 69 Ϭ› ΰθ ά̒χϜχϬЕиϵр ᴥ βϥάρτϢμοЫϼкжϼ

ЕрϬἹ ΰθχκ ▒̋ ὯᴞГЕжПЖкСжрḕχ  Ϭ“σΞάρπЀϯ  70 Ϭ

› ΰθ ζ̒χῇʺ ԁẘ ▒ṁϬ ῐΰοΜϥ TBDPS ṁϬ τ Ạΰθῇτ T̋EMPO

▒ᴟʺ Ψ‰ӻϷйТϰрᴟτϢμο 71 ϒρ Ḋΰθ ά̒χϜχρ 72 ρχ Stille ϸАФзр

ϽτϢμοЄзиЅϵр ₵Ϭ  ΰʺNBS Ϭ Μο TMS ṁϬ ᾖ◓τ Ḋβϥάρτ

ϢμοУкЯЅϵр ₵χ Ϭḁ ΰοΜϥʻζχῇʺTMSOTf ϬФкЯ˔Ќ˔ρβϥ 74

Ϭ Μθ Schmidt ϽзЀЄиᴟτϢμοжЭЛ˔І Ϭ ΰθχκτʺβϓοχ ῐ

ṁϬ ẠβϥάρπзрϽРϯкЄЖ B(6)χ › Ϭ ΰθʻ 
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 ράϧΥʺ› ρ ρχ 1H NMR ΣϢό 13C NMR Ϭ ᶓΰθράϧʺ Φσ₯ӰΥ

ᾋϣϦϥάρΥϩΤϤʺ―╔χὫᴮʺ ϣψ C10 ӡʺC11 ӡΣϢό C13 ӡχ ᴟᶘΥ῏μ

οΜϥχπψσΜΤρὫ ξΪθ ζ̒άπ θτРиДϰрϽУкАϼ ent-60 ΣϢό 75 Ϭ

ΰʺ τϯЄиϾГрϬ ḧ ρβϥЫϼкжϼЕрᴟ*τϢμοЀϯ  76 Ϭ  ΰ

θʻ ϕςρψӰσϤʺ ïBestmann τϢμοϯиϺр 78 ρΰθχκτʺеϳᴟРИ

и 79 ϒρ ḊΰοΜϥʻζχῇʺ ϕςρ χ ḊϬὊο ήϦϥ ΰΜ  πΚϥ

81 Ϭ› ΰθʻ1H NMR ΣϢό 13C NMR Ϭ ᶓΰθράϧ ρχ Μԁ ΥᾋϣϦʺз

рϽРϯкЄЖ B(6)χ  Υ 81 ϒρ ήϦϥⱳ ρσμθʻ 
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1 

                                                      
* ӛήϦοΜθ  πψΚϥΥʺ ϣψ τ ╣ẘϯиЀ˔и χϵІГиὫ›Ϭ τ  β
ϥ︣ Ϝᾁ ΰοΜθʻΰΤΰʺ ϙρβϥϵІГиϬ ϥάρψπΦοΜσΤμθ 13c)ʻ 
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ήϦοΣϤ ∑ם̋ T̋aylor ϣΥ›

ρ ρχ 1H NMR ΣϢό 13C 

NMR χ ᶓϬ“σμθράϧԁ ΰ

σΜάρΥ ϣΤρσμθʻзрϽ

РϯкЄЖ B(6)ρ τ C10 ӡ C̋11

ӡΣϢό C13 ӡχ ᴟᶘΥ῏μο

Μϥρχ χϜρʺϯиЀ˔и

ent-90 Ϭ θτ ΰʺ ϕςρ α

› и˔Еπ ήϦϥ ΰΜ 

χ› Ϭ“σμθράϧ NMR Д˔

Ќχ Μԁ ΥᾋϣϦʺзрϽРϯ

кЄЖ C χ  χ τ♩μθ*ʻ  

                                                      
* ήϦθ  τΣΜοψʺϸжЭϼкЫЕϽжТϰ˔π C18 ӡχṇᴡӰ Ϭ ΰοΜϥ 1̒8E-

зрϽРϯкЄЖ C τḩΰοψ NMR χ ᶓϬ“σμοΣϣγᾠẉψήϦοΜσΜΥʺ ⁮ρ›
χ NMR Ϭ ᶓβϥράκϣϜ τ῏μοΜθρ―ΠϣϦϥʻ 
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5  › ὓᵊ 

 

 ᴟᶘΥ ήϦϥ χϜχπψΚϥΥʺάϦϘπ ᾆẕעπψЫϼкжϼЕрᴟτ

ϢϥЀϯ  χ  Ϭ♯ϙοΜθ(Scheme 12)16) 2̒ νχТжϽЮрЕ 105 ΣϢό 106 ϬζϦη

Ϧ› ΰʺάϦϣϬ JuliaïKocienski ϷйТϰрᴟτϢμοϸАФзрϽΰθῇτ 3 Ῥ χ

ḊτϢμοЈЀ▒ 108 χ› Ϭḁ ΰοΜθʻΰΤΰʺ ΨЫϼкжϼЕрᴟτΣΜοψʺ

σ Keck ╦̋ῢ ʺ πψ ϙρβϥЫϼкжϼЕрΥ ϣϦσΤμθ ԁ̒ πʺ

CoreyïNicolaouïGerlach Ϭ Μθ∑τψ C3 ӡЮЕϺЄṁΥПЖкϺЄиṁτ ḊήϦθЫ

ϼкжϼЕр 109 Ϭ ϥάρΥπΦθΥʺớϛο πΚμθʻ 

 

 Ṝχ› и˔ЕτΣΜο J̋uliaïKocienski ϷйТϰрᴟτϢϥϸАФзрϽψ πΚ

ϤʺϘθʺЫϼкжϼЕрᴟτϢϥЀϯ  χ  ψ₉ πΚμθάρΤϣʺ₈ᵕ ψάיּ

Ϧϣχ Ϭ ϘΠο θσ› и˔ЕχϜρʺ18E-зрϽРϯкЄЖ C(103)χ› ᾆẕτ︡

Ϥ Ϛάρρΰθʻ 

 Ẅ› ᵔ Ϭ Scheme 13 τꜘΰθʻжЭЛ˔І ΣϢόУкЯЅϵр ₵χ ψ›

χ τζϦηϦϽзЀЄиᴟ ᴂʺϷйТϰрᴟ ᴂτϢμο“σΞάρρΰθʻЀϯ

  πΚϥ 105 ψʺ ṜχᾆẕὫᴮϬ ϘΠʺ τ₉ Υ ήϦϥ ╣ẘϯиЀ˔и

χϵІГиὫ›ϬἹ ΰʺ Ψ ḕЮЌЈЄІρ ᴟτϢμοЀϯ  Ϭ  βϥά

ρρΰθʻ ᴂρσϥϵІГиᴟψ 2 νχТжϽЮрЕʺC1ïC8 ТжϽЮрЕ 106 ΣϢό

C9ïC16 ТжϽЮрЕ 110 Ϭ Μο“σΞάρΰθ ζ̒ϦηϦχТжϽЮрЕψ ᾆẕעπ

ᵫ ΰθϺжи ᶋкЅϳЭ(II) Ϭ Μθ ХГк DielsïAlder ᴂ 3)ϬṐ꞊ρΰοᶆ

ḊβϥάρτϢμο› ᴦ πΚϥρ―Πθʻ 
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2  ᶋкЅϳЭ(II)ϯЬЍ˔Е┬ Ϭ ΜϥЅϯІГйϷ ХГк Diels²Alder

ᴂχᵫ  

 

1  2 ӡ ḊΣϢό 2,3 ӡ ḊЅПЖкСжр-4-Ϸрχ ›  

 

C9ïC16 ТжϽЮрЕ› τ ΜϥЅϯІГйϷ σХГк DielsïAlder ᴂτḩΰο

ψ ⁮πΚμθθϛʺ › ᾆẕτ κ ᴂτνΜοᾁ Ϭ“σμθ(Table 1)ʻ ▒ṁ

Ϭ TBS ṁπ ῐΰθ ṅϯиДПЖ 113a17)τ ΰʺкЅϳЭ(II) ∕ᴞʺDanishefsky Ѕ

ϵр(2a)3,18)ρχХГк DielsïAlder ᴂϬ“σΞρ R̋ χкЅϳЭ(II) Ϭ Μθ∑τ‰Μ

ЅϯІГйϷ Υ ᾝΰθΥ(entry 1)ʺS χ┬ πψЅϯІГйϷ Υϕρϭς

ᾝΰσΤμθ(entry 2) Ϙ̒θ ς̋κϣχ ›Ϝ ψ τρςϘμθ ζ̒άπ D̋anishefsky

ЅϵрϢϤϜ ᴂ χ‰Μάρπ ϣϦϥ Rawal Ѕϵр(3a)19)Ϭ Μο ᴂϬ“σμθρά

ϧʺ ρ Ϭ τᵠ βϥάρΥπΦθ(entries 3, 4)ʻάάπʺϯиДПЖχ ▒ṁ

χ ῐṁϬ TBS ṁΤϣ MPM ṁ 20)τ  ΰθράϧʺ ρ Υήϣτΰ βϥάρΥ

ϣΤρσμθ(entries 5, 6)*ʻ › ᾆẕτ ρβϥЅϯІГйϷЫ˔ψ 112-A20d)πΚϤʺ

ζϦϬΩϜὫᴮϢΨ Πθ entry 6 χ ὯϬ C9ïC16 ТжϽЮрЕ› τ⅜ βϥάρρΰθ  ̒

 

 ϘθʺЅϯІГйϷ σ ᴂϬ χṁלπϜ“σΞάρΥᴦ Τ ₰Ϭ“σμθʻ

▒ χϯиДПЖ 115ρχ ᴂϬ“σΞρʺ Ῠσ Τν‰ΜЅϯІГйϷ πЅ

ПЖкСжЛр 116Ϭ ϥάρΥπΦθ(eq. 3) Ϙ̒θ Ю̋ЎиṁΥ Ḋΰθ Rawal Ѕϵр(3b)3c)

Ϭ ΜθϯиДПЖ 113bρχХГк DielsïAlder ᴂτΣΜοψʺḁ σ endo Τν‰

                                                      
*Rh2(S-BPTPI)4(1)ρϯиДПЖ 113χ › Ϭ ◓ ἷπ⌠ ΰθράϧ T̋BS ṁρ MPM ṁπψ MPM

ṁχ Υꜛ ᵕ Ϭ βЮЎйр₵Υ ∕βϥθϛкЅϳЭ τḯϘϦϥЦрЋТЌиϱЬЖṁρ
χ ϬϢϤ ήΨβϥάρΥπΦϥρ―ΠϣϦθʻζχὫᴮʺкЅϳЭ(II) ϒ ӡΰϞβΨ
σϤʺ ρ Υΰ ΰθρ―ΠϣϦϥʻ 
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ΜЅϯІГйϷ πЅПЖкСжЛр 117Ϭ ϥάρΥπΦʺ βϥ 3 νχ

Ϭԁấτ  βϥάρτ ῞ΰθ(eq. 4) Ϙ̒θ ϯ̋ЃЅϵр 11821)ρ ▒ χϯиДПЖ 115

ρχ ᴂπψʺ ψ τρςϘϥϜχχ Ῠσ πЄІ χḯ ХГкḕ 119

χ  τ ῞ΰθ(eq. 5)ʻ 

 

__________________________ 

**Rawal ЅϵрϬ ΜθХГк DielsïAlder ᴂχῇ πψϯЈЎиϼкжϱЖϬ ΜϥάρτϢμ
ο ϙρβϥЅПЖкСжЛрΥ ϣϦϥάρΥ ϣΤρσμοΜϥ 19a)ʻ 
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2  ᴂὊ χ―╔ 

 

 άϦϘπ Rh2(S-BPTPI)4(1)χ  ψʺ1H NMR ᵔ χὫᴮρ ⱨχ ӡ

◓πΚϥ S-PTPI ӡ◓Ϭ ΰθ Rh2(S-PTPI)4(1')χ X Ὣ   ᵔ χ

ὫᴮΤϣ ╔ΰοΣϤ*ʺζχὫ   ψ ϣΤρσμοΜσΤμθʻ

₈ᵕ ψʺϯиДПЖχЯДиρΰοיּ DMF Υ ᴥΰθ Rh2(S-BPTPI)4

χ X Ὣ   ᵔ τ ῞ΰθ(Figure 4)ʻ 

 ᶆкЅϳЭᾖ◓τ ΰοʺϯЬЍ˔Е ӡ◓χ 2 νχ▒ ᾖ◓ΣϢό

ᾖ◓ΥζϦηϦ cis π ӡΰοΣϤʺ4 νχЦрЋТЌиϱЬЖṁ

ψòdown-down-up-upòχ πᶆкЅϳЭᾖ◓χϯϺЄϯи ΰτ Φ

Ψ Ϥ ΰθ C2 ἷ  ϬρμοΜϥάρΥ ϣΤρσμθʻϘθʺDMF χШиЬи

ᾖ◓ρϯЬЍ˔Е ӡ◓χ▒ ᾖ◓ḧχẩ ΥʺζϦϣχ Van der Waals Ἲχ (2.72 ¡)

ϢϤϜ ΨσμοΜϥάρΤϣ Ὣ›χ ∕Υꜘ€ήϦʺ ┬ τΣΜοϜ Corey ϣχ

ΰοΜϥШиЬи CïH˜O Ὣ›ЀрЈФЕ 22)Υ ᴦ πΚϥρ―ΠϣϦϥʻ 

 

                                                      
*Rh2(S-PTPI)4Ŀ2MeCN χ X Ὣ   Ϭᴞ τꜘβ 3a)ʻ ┬ ψϯЬЍ˔Е ӡ◓ΥζϦηϦ cisτ
ӡΰθ C2 ἷχ  Ϭ ΰοΜϥ ᴥ̒Πο R̋h2(S-BPTPI)4 χ 1H NMR πψ ᴣσ χ ӡ
◓χІЧϼЕиΥḢ ήϦοΣϤʺάϦϣχὫᴮΤϣ Rh2(S-BPTPI)4 Ϝ τ ӡ◓Υ cisτ ΰο
Μϥρ ΰοΜθʻ 
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ӟ χὫᴮϬϜρτʺХГк DielsïAlder ᴂχ ᴂὊ ϬӟᴞχϢΞτ―╔ΰθ

(Figure 5)ʻϯиДПЖχ▒ ᾖ◓ΥкЅϳЭᾖ◓χϯϺЄϯиӡτ ӡΰʺШиЬи ᾖ

◓ΥϯЬЍ˔Е ӡ◓χ▒ ᾖ◓ρ Ὣ›ΰθ ḧ A Ϙθψ B χ ḧ Υ ήϦϥʻ

ḧ B πψϯиДПЖχ Ḋṁρ 2 νχЦрЋТЌиϱЬЖṁρχḧτ Ϭ αʺ

ḧ A πψ B ϢϤϜἋΜθӡ τ ḊṁΥ Ϙϥθϛʺ ḧ A Υ τ βϥρ―

ΠϣϦϥʻήϣτʺ ḧ B τ βϥЅϵрχ ựψʺ Ϥ ΰθЦрЋТЌиϱЬЖṁρ

χ Τϣ ρσϥʻΰθΥμοʺ ḧ A τ ΰʺкЅϳЭ(II)┬ ρχ Ϭ

ΪϥϢΞτЄкϺЄṁϬᵰ τΰΪοЅϵрΥ ựβϦωʺםᾓὫᴮτ› βϥ

ϬϜν endo ᴥ Υ ϣϦϥάρτσϥʻ 
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3  Ѐϯ  ТжϽЮрЕχ›  

 

1  C9ïC16 ТжϽЮрЕχ ›  

  

2 1 τΣΜοΩ Ὧᴞ ϣϦθЅПЖкСжЛр 112b-Aχ C13 ӡτЮЎиṁϬ

ΰθχκʺ▒ᴟ ӡ ᴂτϢμο Ŭ,ɓ- жϼЕр 120ϒρ Ḋΰθ(Scheme 14)ʻ

τϵЪϺЄЖϬ ΰθχκτʺḥᾕ ᵫḕ ᴂ 23)τϢμοЕзϷ˔и 121ϒρ

Μθʻ ԁẘ ▒ṁϬЕЄж˔Еϒ Ḋΰθχκτ 24)ʺ▪ϥ νχ ▒ṁϬЦрЅзДр

ϯЈЌ˔иρΰο ῐΰο 122Ϭ θ* ζ̒χῇ NaCN Ϭ Μο ᴂϬ“σΜ И̋Ези

123ϒρ Ḋΰθʻ 

 

 123 χ ԁẘ ▒ṁϬ ῐΰοΜϥ MPM ṁϬ DDQ20c)Ϭ Μο ẠΰθχκτʺDessï

Martin ▒ᴟτϢμοϯиДПЖ 126ϒρ Ḋΰθ(Scheme 15) ζ̒χῇ L̋iHMDS ρ Ph3P+MeBrï

Ϭ Μθ Wittig ᴂ**τϢμο ϯиϾр 127Ϭ ΰθʻ 

                                                      
*ϵЪϺЄЖ 111bχ C13 ӡЮЎиṁΣϢό C14 ӡ ᾖ◓Ϭ ρΰθ NOE ḩϬḢ βϥάρψ₉

πΚμθʻζάπϯЈЌ˔и 122πχ NOE Ϭ“σΜʺC11 ӡ ᾖ◓ρЦрЅзДрϯЈЌ˔
и χ ᾖ◓ḧʺC11 ӡ ᾖ◓ρ C13 ЮЎиṁḧʺC13 ӡЮЎиṁρЦрЅзДрϯЈЌ˔и
χ ᾖ◓ḧπ NOE ḩΥḢ ήϦθάρΤϣʺϯЈЌ˔и 122ΣϢόϵЪϺЄЖ 111bχ

Ϭ ṜχϢΞτὨ ΰθʻ 

 

 Ϙθ ԁẘ ▒ṁϬЕЄж˔Еϒ ḊΰθЅϷ˔иψ ӗ πΚμθθϛʺ βϥάρσΨЅϷ
˔иϬϯЈЌ˔иρΰο ῐΰθʻ 

**NaHMDS Ϟ KHMDS Ϭתṁρΰο Μθ ›τψ ϯ̋иДПЖχ ɓ ӡ▒ ᾖ◓Υ ΰθЅϵр 124
Υ ρΰο ϣϦʺ ϙρβϥϯиϾр 127χ ψ 50% τρςϘμθʻ 
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ϯиϾр 127 χЄϯЛṁϬ ᵬ τḥᾕβϥάρτϢμοϯиЀ˔и 129ϒρ Ḋΰθχ

κτʺЦрЅзДрϯЈЌ˔иχ ẠϬ“σΜЕзϷ˔и 130ϒρ Μθ(Scheme 16)ʻζχ

ῇʺ ԁẘ ▒ṁϬ TBDPS ṁπʺ ẘ ▒ṁϬ TBS ṁπ ῐβϥάρπ*C9ïC16 ТжϽ

ЮрЕ 110χ› Ϭḁ ΰθʻ 

 

  

                                                      
* ẘ ▒ṁϬ TBS ṁπ τ ῐβϥάρψ₉ Ϭ ΰʺa χ TBSCl ΣϢό DMAP Ϭ Μ
οΜϥʻάχⱲʺ ╣ẘϯиЀ˔иϒЄзиṁΥ ӱΰθᴟ› 132ϞάχϜχτ ΰοήϣτ TBS

ῐΥṞάμθ 133ΥⱲḧρρϜτ ϣϦοΰϘΞθϛ ᴂϬḁὫήδγτᾖ ᵕ βϥάρπ ϙ
ρβϥ C9ïC16 ТжϽЮрЕ 110χϙϬ οΜϥʻ 
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Luche ḥᾕχ ὯᴞϾЕрχ σḥᾕϬ“σΜϯиЀ˔и 137ρΰθχκτ*ʺ

αθ ▒ṁϬ TBDPS ṁπ ῐΰʺPPh3ĿHBr Ϭ▒ ρΰο 28)ЮЕϺЄṁϬ τ

ΰο 139Ϭ θ**(Scheme 18)ʻ 

 

ЦрЅиṁχ ẠϬ“σΜϯиЀ˔и 140ρΰθχκτʺ αθ ▒ṁϬ DessïMartin ▒ᴟ

τ Ψ Wittig ᴂτϢμοРИиṁϒρ Ḋΰθ(Scheme 19)ʻζχῇʺϵІГиχᴥ ᵔ

Ϭ“σΜ C1ïC8 ТжϽЮрЕ 106χ› Ϭḁ ΰθʻ 

 

                                                      
*ϯиЀ˔и 137χ ψʺC5 ӡ ᾖ◓ρ C7 ӡ ᾖ◓χḧπ NOE ḩΥḢ ήϦθά
ρτϢϤὨ ΰθʻ 

 

**ГЕжПЖкСжр 139χ ψ C̋3 ӡЮЕϺЄṁρ C5 ӡ ᾖ◓ḧΣϢό C5 ӡ ᾖ
◓ρ C7 ӡ ᾖ◓ḧπ NOE ḩΥḢ ήϦθάρτϢϤὨ ΰθʻ 
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4  18E-зрϽРϯкЄЖ C χ ›  

 

1  ЫϼкжϼЕрЀϯ  χ  ρ Ḋ 

 

 Ϙγ C̋1ïC8 ТжϽЮ

рЕ 106 ρ C9ïC16 Тж

ϽЮрЕ 110 ρχϸА

ФзрϽ ᴂϬᾁ ΰ

θ(Table 2)ʻSteglich ϵ

ІГиᴟ 29) (entry 1)Ϟ

EDCI 30) (entry 2)Ϭ Μ

θ ᴂπψ ϙρβϥ

ϵІГи 105 ψ

τ ϘμθʻDMAP ת

Ϭת▒ ᴥβϥ Keck
31) (entry 3)ΣϢόᵠ

Keck 32) (entry 4)Ϭ

ΜοϵІГиᴟϬ“σ

μθΥ ψᵠ ήϦ

σΤμθ Ϙ̒θ ╦̋ῢ
33) (entry 5)ΣϢό
34) (entry 6)Ϭ Μθ ›

τϜϵІГи 105 Ϭ

ϥάρΥπΦθΥ ζ̋χ

ψ χΜΨϜχ

πψσΤμθ*ʻ 

ԁ πʺCorey35a,35b)ʺGerlach χ 35c)Ϭ╥―τЎϷϵІГи 143**Ϭ ΜοϸАФзрϽ

ᴂϬ“σμθράϧʺ Ῠσ πϵІГи 105 Ϭ ϥάρτ ῞ΰθ(entry 7)ʻϘθʺ

ᴂπψ ᴂχϯиЀ˔и 110 ΣϢόᶨ ᴟήϦθЎϷϵІГи 143 ΥὉ τ τ ∕
                                                      
* χΜΨὫᴮΥ ϣϦσΤμθϵІГиᴟτνΜοʺ ρΰοΣϜτϸиЩр▒ 106 ΥЮЎ
иϵІГиρσμθ 144 Υᶎ ήϦθάρΤϣʺάϦϣχ ὯᴞπψϸиЩр▒ 106 Υ ӗ πΚϥ
άρΥꜘ€ήϦθʻ 

 

**ЎϷϵІГи 143 ψΰ╦ϣχ ⁮Ϭ╥―τ ΰθ 36)ʻ 
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βϥ ρ ᴂΰθάρπ βϥϸиЩр▒ 106 Ϭᵕ βϥάρΥᴦ πΚμθʻ 

 ϵІГи 105 τ ΰο 2 HoveydaïGrubbs Ϭ Μθ ḕЮЌЈЄІϬ“σμθῇ

τʺ Ψ ᴟτϢμοЀϯ  πΚϥЫϼкжϼЕр 104 χ  Ϭḁ ΰθ(Scheme 

20)ʻ 

 

 Ϙγ τУкЯЅϵр ₵Ϭ βϥ› и˔ЕϬᾁ βϥάρρΰθʻ ϣϦθжϼЕ

р 104 τ ΰ C̋16 ӡχ ▒ṁϬ ῐΰοΜϥ TBDPS ṁχ ẠϬ♯ϙθΥ 37) ϯ̋иЀ

˔и 146 χϙσϣγ C5 ӡχ ▒ṁϬ ῐΰοΜϥ TBDPS ṁϜ ẠήϦθЅϷ˔и 147 Υ

Ⱳτ ϣϦθ(Scheme 21)ʻ ᴂτΣΜο Μθ TBAF χ ψ 1.2 πΚϤʺ► ΰ

θ ל τ ΰοᵃ τϯиЀ˔и 146 ΣϢόЅϷ˔и 147 Υ ΰοΰϘμοΜϥάρΥ

ϩΤμθʻ 

 

 σ Υ ϣϦοΜσΜΥʺ₈ῇχ ḊΥᴦ ΤςΞΤ ₰βϥθϛ› Ϭ ϛϥ

άρρΰθ ϯ̒иЀ˔и 146 τ ΰο DessïMartin ▒ᴟϬ“σμθράϧʺ ϙρβϥϯиД

ПЖ 148 ψ χ τρςϘϤʺᵃ τ▒ᴟήϦθϸиЩр▒ 148ôρ◘ϩϦϥᴟ› Υ

ΰθ(Scheme 22)ʻ 
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 ϯиДПЖ 148 τ ΰοЄзиϯзиШІШЗ˔Е 149a38)Ϭ Μθ HornerïWadsworthï

Emmons ᴂϬ“σΞάρπʺ σΥϣϜЅϵр 150 Ϭ ϥάρΥπΦθ(Scheme 23)ʻ

ᴟ› ψ 1H NMR τΣΜο︠ χϕΤτ 2 νχӰ Υ 1H NMR π ᶎ ήϦ

θΥʺЄзϸϿиϸжЭπ βϥάρΥπΦσΤμθʻζχῇʺNBS Ϭ Μο TMS ṁϬ

ᾖ◓τ ḊβϥάρϬ♯ϙθΥʺ “ᾆẕχὫᴮ 13)ρψӰσϤ Ӱ Υ Ψ ΰʺ

18E/18Z = 68:32 χ π ῐήϦθϯϽзЀр 151 Ϭ θʻ 

 

 ᶆῬ τ Ὧᾁ χ ψΚϥΥʺϯϽзЀр 151 χ› Ϙπ βϥάρΥπΦθʻ

ΰΤΰʺ ԁẘ ▒ṁϬ ῐΰοΜϥ TBDPS ṁχ ῐψ₉ πΚμθθϛ Ѕ̋Ϸ˔

и 147 Ϭ︠ ρΰο ϥϢΞτΰʺ τжЭЛ˔І Ϭ βϥ› и˔ЕϬᶎ

βϥάρρΰθ T̒BDPS ṁχ ῐτνΜοψ TBAF Ϭᵃ τ Μʺ ⱲḧϬ βϥϜχχ

Ῠσ πЅϷ˔и 147 Ϭ ϥάρΥπΦθ(Scheme 24)ʻ ϣϦθЅϷ˔и 147 χ ԁẘ

▒ṁϬϯЈЎиṁπ τ ῐΰʺ 152 Ϭ› ΰθʻ 
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2  ṛᵰ ἷ ᶋ ӱỲ ┬ χ ρζχᴂ  

 

1  Ϻжиᵰ ἷ ᶋиГИϳЭ(II,III)┬ χ ρ › ᾆẕϒχᴂ  

 

1  ὂ 

 

 ᶋкЅϳЭ(II) ψϸиЦрʾЗϱЕйрχᴟᶘϞ Lewis ▒χᴟᶘτΣΜο Ϧθ

ρΰοṐ ΰοΦθʻΰΤΰάχ Ϧθ χԁ πʺкЅϳЭỲ ζχϜχΥṆ σ

Ɫᾛπ‰ᴣπΚϥάρΥΰωΰω ρΰο︡Ϥ ΫϣϦϥʻự πψʺᾕ χḢ Τ

ϣ‰ᴣσ ӱỲ τ ϩμοϢϤӗᴣσ ӱỲ Ϭ Μο ᴂϬ βϥᾆẕϜ ϭτ

“ϩϦοΣϤ 47)ʺάχάρψḘᵃπΦσΜ ρσϤννΚϥ(Figure 8, 1)ʻϘθʺ

ᶋкЅϳЭ(II) χ ◊ψ ΨʺϺжи χϙτᾢ ϬΰοϜᵃẠ 20 ӟ τϩθμο

ᾆẕΥσήϦʺ ΰθ ᴟᶘρσμοΜϥʻ₈ῇϜάχ ᶋкЅϳЭ(II) χᴟᶘϬ

Ẑβϥάρψᾆẕ χ 1 νρσϥԁ πʺ ᾆẕήϦοΦθρΜΞ ὂΤϣựΜ

ṛ ᴂὉᵫ Υ₉ τσϥάρΥ ήϦϥ(Figure 8, 2)ʻ 

 

ψיּ  ά̋Ϧϣ 2 νχ Ϭ ⱲτᵔὨβϥάρϬ ◙ΰ 1̋) ᶋкЅϳЭ(II) Ϭ

βϥϜχ 2̋) βϥχϙσϣγ ᶋкЅϳЭ(II) Ϭ ρΰο ᵑβϥϜχ 3̋) 

θσ ᴂὉ ┤Ϭᴦ ρβϥϜχʺάχ 3 Ϭ βϥ θσ ӱỲ Ϭᵫ βϥάρ

ρΰθʻᵫ βϥ ӱỲ ρΰοψʺ ᶋкЅϳЭ(II) π μθ ᾋϬ ῟τᶨ β

ϥθϛᵰ ἷ ᶋ ӱỲ Ϭᵫ Ῑ ρΰθʻ 

 ▒иГИϳЭת ┬ [Ru2(OAc)4Cl](166)ψ 1̋966 τ Stephenson W̋ilkinson ϣτϢμο

ψαϛο› ήϦ 48)ʺ ▒кЅϳЭ(165)ρ τᵰ ἷ ᶋ  Ϭ ΰοΜϥάρΥ ϣϦ

οΜϥ (Figure 9)ʻ ρΰο к̋ЅϳЭ┬ ρψӰσϤԁ χиГИϳЭᾖ◓τת ᾖ◓Υ

Ὣ›ΰʺ Ỳ ᾖ◓ᴣΥ ᴣʺ╣ᴣρσμοΜϥάρΥΚΫϣϦϥ*ʻϘθʺỲ ᾖ◓ḧὫ
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2  ᵰ ἷХГк ᶋ ӱỲ ┬ χ  

 

1  ὂ 

 

 ᵰ ἷ ᶋ  Ϭ βϥỲ ┬ ψʺṌτ ᵒΰθкЅϳЭ(II)┬ ϞиГИϳЭ(II,III)┬

χϢΞσШЯ ᶋ┬ ιΪπψσΨʺӰσϥỲ ᾖ◓Ϭ 2 ν ϙ₅ϭιХГк ᶋ┬ Ϝ

› ήϦοΜϥ 66)ʻ 

 2005 τ Dikarev ϣψỲ ᾖ◓χ 1 νρΰο ἷᾕ πΚϥРІЫІϬ ϙ₅ϭιРІЫ

І/кЅϳЭʺРІЫІ/иГИϳЭХГк ᶋ┬ χ› Ϭ ⁮ΰθ(Figure 20, (a))66a)*ʻ Ῠ

τ┬ Ϭ βϥάρΥπΦθРІЫІ/кЅϳЭ┬ τḩΰοψԏΦ ΦᾆẕΥ“σϩϦ
66bï66d)ʺ2016 τψ Berry ϣτϢμο χ θσРІЫІ/кЅϳЭ┬ χ› Υ ⁮ήϦ

θ(Figure 20, (b))66eï66g)ʻ 

 

 ┬ Ϭ Μθ ᴂχ ⁮ψ 2̋009 τ Davies ϣτϢμο ⁮ήϦθЄϼкФкОр

ᴟ ᴂʺCïH ᴂΥ ԁ ρσϥ(Figure 21)66h)ʻЄϼкФкОрᴟ ᴂ(eq. 14)ʺCïH

ᴂ(eq. 15)ρϜτ α ӡ◓Ϭ βϥ ᶋкЅϳЭ(II) ρ χ ρ Ϭꜘΰʺ

ᴂΥẵ›βϥṁל 210 τΣΜοϜʺ ᶋкЅϳЭ(II) ρ Φσ₯ψᾋϣϦσΜὫᴮΥ

ϣϦοΜϥ(eq. 16)ʻ 
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Experimental Section 

 

General 

 

Melting points were determined on a Yamato melting point apparatus model MP-21 and were 

uncorrected. Optical rotations were recorded on JASCO P-1030 digital polarimeter. IR spectra were 

recorded on JASCO FT/IR-5300 spectrophotometer and absorbance bands are reported in 

wavenumber (cmï1). 1H NMR spectra were recorded on JEOL JNM-ECS 400 (400 MHz), JEOL 

JNM-ECX 400P (400 MHz), JEOL JNM-ECA 500 (500 MHz) spectrometers with tetramethylsilane 

(dH 0.00), chloroform-d1 (dH 7.26) or benzene-d6 (dH 7.16) as an internal standard. Coupling constants 

(J) are reported in hertz (Hz). Abbreviations of multiplicity are as follows: s, singlet; d, doublet; t, 

triplet; q, quartet; m, multiplet; br, broad. Data are presented as follows: chemical shift, multiplicity, 

coupling constants, integration and assignment. 18E-lyngbyaloside C numbering is used for proton 

assignments of all intermediates. 13C NMR spectra were recorded on JEOL JNM-ECS 400 (400 MHz), 

JEOL JNM-ECX 400P (400 MHz), JEOL JNM-ECA 500 (500 MHz) spectrometers with 

chloroform-d1 (dC 77.0) as an internal standard. ESI-HRMS was measured with Thermo Scientific 

Exactive spectrometer and ESI-LRMS was measured with ACQUITY QDa spectrometer.  

 

Column chromatography was carried out on Kanto silica gel 60 N (40ï50 mesh). Analytical thin layer 

chromatography was carried out on Merck Kieselgel 60 F254 plates. Visualization was accomplished 

with ultraviolet light and anisaldehyde or phosphomolybdic acid stain, followed by heating. 

 

Reagents and solvents were purified by standard means or used as received unless otherwise noted. 

Acetyl chloride (AcCl) was refluxed with PCl5 then distilled from dimethylaniline prior to use. DMF 

was dried with MS4A or distilled from calcium hydride prior to use. Diisopropylethylamine (iPr2NEt) 

and MeOH were distilled from calcium hydride prior to use. 1,4-Benzoquinone was sublimated prior 

to use. All reactions were conducted under an argon atmosphere. Dehydrated stabilizer-free THF, 

dichloromethane (CH2Cl2) and toluene were purchased from Kanto Chemical Co., Inc. 
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Rh2(S-BPTPI)4·2DMF 

 

Figure 27. Full ortep plot (up) and stereoview of one dirhodium(II) molecule (down). 
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cis-Ru2(S-BPTPI)4ClO4·2DMF 

 

Figure 28. Full ortep plot (up) and stereoview of diruthenium core (down) 
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mer-Ru2(S-BPTPI)4Cl·DMF  

 

Figure 29. Full ortep plot (up) and stereoview of S-isomer of diruthenium molecule (down) 
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PdCo(esp)2·2H2O 

 

Figure 30. Full Ortep plot (up) and stereoview (down) 
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PdNi(esp)2·2H2O 

 

Figure 31. Full ortep plot (up) and stereoview (down) 
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