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                 3 

 

                  9 

 

 Hirsutellone  

  Hirsutellone          25 

            29 

         39 

 

 GKK1032A2 Ullmann C-O  

  GKK1032A2           51 

 Ullmann C-O       65 

  Ullmann C-O      81 

  Ullmann C-O   89 

     93 

 Ullmann C-O 13      99 

 

 6- 13

GKK1032A2  

  6- 13                      103 

     111 

  13              115 

 GKK1032A2            119 
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                 129 

 

                139 

 

                205 

 

215 
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[ ]    specific rotation 

Ac    acetyl 

AIBN    2,2’-azobisisobutyronitrile 

aq    aqueous 

ATR    attenuated total reflection 

BHT    2,6-di-t-butyl-p-cresol 

Boc    tert-butoxycarbonyl 

bp    boiling point 

br    broad (spectral) 

Bu, n-Bu   normal (primary) butyl 

t-Bu    tert-butyl 

ca.    circa 

calcd    calculated 

cat    catalytic 

COSY   correlation spectroscopy 

d    doublet (spectral) 

    chemical shift in parts per million 

DDQ    2,3-dichloro-5,6-dicyano-1,4-benzoquinone 

DIBAL   diisobutylaluminum hydride 

DIPEA   diisopropylethylamine 

DIPT    diisopropyl tartrate 

DMAP   4-(N,N-dimethylamino)pyridine 

DME    1,2-dimethoxyethane 
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DMF    N,N-dimethylformamide 

DMP    Dess–Martin periodinane 

DMSO   dimethyl sulfoxide 

dr    diastereomer ratio 

E    entgegen 

E2    bimolecular elimination 

ee    enantiomeric excess 

EI    electron impact 

equiv    equivalent 

ESI    electrospray ionization 

ESI-MS   electrospray ionization mass spectrometry 

Et    ethyl 

FAB    fast atom bombardment 

h    hour(s) 

HMPA   hexamethylphosphoric triamide 

HPLC   high-performance liquid chromatography 

HRMS   high-resolution mass spectrometry 

HWE    Horner–Wadsworth–Emmons 

Hz    hertz 

IC50    half maximal inhibitory concentration 

IMDA   intramolecular Diels–Alder 

IR    infrared 

J    coupling constant (in NMR spectrometry) 

LDA    lithium diisopropylamide 

lit.    literature value 



5 
 

L-selectride   lithium tri-sec-butylborohydride 

m    multiplet (spectral) 

M    molar (moles per liter) 

Me    methyl 

MIC    minimum inhibitory concentration 

min    minute(s) 

mol    mole(s) 

MOM   methoxy methyl 

mp    melting point 

MS    mass spectroscopy; molecular sieves 

N    normal (equivalents per liter) 

NaHMDS   sodium bis(trimethylsilyl)amide 

NBS    N-bromosuccinimide 

NMR    nuclear magnetic resonance 

NOESY   nuclear Overhauser effect spectroscopy 

NR    no reaction 

PDC    pyridinium dichromate 

Ph    phenyl 

PM3    parametric method 3 

PMB    p-methoxybenzyl 

ppm    part(s) per million 

PPTS    pyridinium para-toluenesulfonate 

i-Pr    isopropyl 

PTLC    preparative thin-layer chromatography 

PTSA    p-toluenesulfonic acid 
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q    quartet (spectral) 

quant    quantitative yield 

R    rectus 

Rf    retention factor (in chromatography) 

Rochelle salt  potassium sodium tartrate 

ROESY   rotating frame Overhauser effect spectroscopy 

rt    room temperature 

s    singlet (spectral) 

S    sinister 

SM    starting material 

t    triplet (spectral) 

TBAF   tetrabutylammonium fluoride 

TBS    tert-butyldimethylsilyl 

temp    temperature 

TEMPO   2,2,6,6,-tetramethylpiperidin-1-oxyl 

TES    triethylsilyl 

Tf    trifluoromethanesulfonyl 

THF    tetrahydrofuran 

TLC    thin-layer chromatography 

TMS    trimethylsilyl 

TPAP    tetra-n-propylammonium perruthenate 

tR    retention time (in chromatography) 

Ts    para-toluenesulfonyl 

TS    transition state 

VRE    vancomycin-resistant Enterococcus 



7 
 

Z    zusammen 
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19

19 1899
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2001

GKK1032 1-3 1 Penicillium sp. GKK1032

2-8(Figure 0-1, Table 0-1)  

 

Figure 0-1 

 

Table 0-1 

 

 

FO-7711CD (4, 5)

2(Figure 0-2) 2 FO-7711CD6 (5)

GKK1032A2 (2) FO-7711CD

9  

 

Figure 0-2 
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2002 Wyeth-Ayerst Research He LL-Cyan426

Pyrrocidine (6, 7) 3 VRE

HL-60 3b

3c,d Pyrrocidine (6, 7) GKK1032 1-3

A/B cis 13 --

(Figure 0-3, Table 0-2)  

 

Figure 0-3 

 

 

Table 0-2 
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2005 Hirsutella nivea BCC 2594 Hirsutelone

(8-12) 4(Figure 0-4) Mycobacterium tuberculosis H37Ra

MIC 0.78-3.125 g/mL KB

BC

(Table 0-3)  

 

Figure 0-4 

 

 

Table 0-3 
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2013 Heinrich-Heine Proksch Embellisia eureka Embellicine

(13,14) K562

A549 TNF-

NF- B Embellicine B (14)

K562

(Figure 0-5, Table 0-4)  

 

Figure 0-5 

 

 

Table 0-4 
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- - -

10 13 13

(Figure 0-6)  

 

Figure 0-6 
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9,11-14  

 

13

3 Hirsutellone B (9)

13,14  

13  

 

2009 Nicolaou

15 13 14 Ramberg-Bäcklund

13 1 6

Hirsutellone B(9) 13a,c(Figure 0-7)  

 

Figure 0-7 
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20 Ullmann C-O 13

4 Hirsutellone B(9)

13b(Figure 0-8)  

 

Figure 0-8 
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2013 Sorensen 22

14

14f(Figure 0-9)  

 

Figure 0-9 

 
 

23 Hirsutellone B(9)

14 -

24 IMDA

Nicolaou 27

Hirsutellone B(9) (Figure 0-10)  
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Figure 0-10 
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2003 GKK1032 Penicillium sp. GKK1032

15,16

GKK1032 3 5 7 9 11 5

(Figure 0-11)

L- GKK1032

4

 

 

Figure 0-11 
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13

13

4  

 

1  

1

(Figure 0-12) 4-5 E

Z  

 

Figure 0-12 

 

 

1  

1

(Figure 0-13)  

 

Figure 0-13 
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2-3  

2-3

 (Figure 0-14)

 

 

Figure 0-14 

 

 

 

 

 

 

 

 

 

 

 

 



22 
 

12-13  

12-13

Figure 0-15  

 

Figure 0-15 

 

 

GKK1032A2 (2)
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13

3  
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Hirsutellone  

 

Hirsutellone  

 

2011

Hirsutellone B (9) 13b,17-20

C13 Ullmann C-O

Hirsutellone B (9) 13 21

-

21 4 Hirsutellone B (9)

(Scheme 1-1-1)  

 

Scheme 1-1-1 
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Ullmann C-O C19 R

20 13

13 TBS

(Scheme 1-1-1, 21 29) R S

13 Ullmann C-O

C19 S 31 Ullmann C-O

13 32

32 - 33

Hirsutellone B (9) 

Hirsutellone B (9) 

(Scheme 1-1-2) Hirsutellone

 

 

Scheme 1-1-2 
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13 C19 -

C19 C19 R

20 Hirsutellone B (9) C19 S

31 C19 Hirsutellone B (9) 33

(Figure 1-1-1)  

 

Figure 1-1-1 

 

 

Hirsutellone
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Hirsutellone B (9) 33

NMR

C19

C19 R 20 Ullmann  C-O

21 21

NOESY MOM

C13 NOE

MOM

(Scheme 1-2-1)  

 

Scheme 1-2-1 
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C19 S 31

32 32

21 MOM C13 NOE

NOE MOM

(Scheme 1-2-2)  

 

Scheme 1-2-2 
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C19 MOM

TBS

2 C19

29 35

2 29 35

1H-NMR

29 35 MOM

(Scheme 1-2-3, Figure 1-2-1)  

 

Scheme 1-2-3 

 

 

 

 

 

 

 

 

 



32 
 

Figure 1-2-1 

 

PPM
8 7 6 5 4 3 2 1

 

PPM
8 7 6 5 4 3 2 1

 

 

Ullmann  C-O 13

C19 MOM

13
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29 35 Hirsutellone B (9)

33

 

 

C19 R 20 MOM

21 21

29

C19

Hirsutellone B (9) R - 30

 

C19 S 31

32

C19 S -

36 (Figure 1-2-2)  

 

Figure 1-2-2 
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2 - 30 36 MOM

Hirsutellone B (9) 33

 

C19 R - 30 MOM

13

C17 S - - -

Hirsutellone B (9)

Figure 1-2-3  

 

Figure 1-2-3 
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C19 S - 36 MOM

13

C17 R - - -

13

Z

33

33 Figure 1-2-4  

 

Figure 1-2-4 

 

 

 

 

 

 

 



36 
 

C19 2 Ullmann C-O

Chiralty-returning process

Hirsutellne B (9) 33  (Figure 

1-2-5)  

 

Figure 1-2-5 
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- 22 - 23 - 24

- 25

13

26 2002 Shair Longithrone A

TBSO

26b Figure 

1-2-6  

 

Figure 1-2-6 
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27 Figure 1-2-7  

 

Figure 1-2-7 
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Hirsutellne B (9) 33

Ullmann C-O C19 13

 

 

C19

C15

(Figure 1-3-1)  
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Figure 1-3-1 
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20 31 1H-NMR

benzene-d6

2 NOESY

MOM

 

75

2

75 2

70

C15

Ullmann C-O 13

160 170

Figure 1-3-2  
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Figure 1-3-2 
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C19 Ullmann C-O

21 32 13

- 28(Figure 1-3-3)  

 

Figure 1-3-3 

 

 

- 2007

Collins

29 -

Ullmann

Figure 1-3-4  
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Figure 1-3-4 
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Ullmann 13

C13 2 -

2 20

31 2  

C19 R 20 -

TS-1R TS-2R 2 MOM

TS-1R

MOM TS-2R C19

TBS

(Figure 1-3-5) TS-1R

 

 

Figure 1-3-5 
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C19 S 31 2

MOM TS-1S

MOM

TS-2S C19 TBS

(Figure 1-3-6)

TS-1S

(Figure 1-3-6)  

 

Figure 1-3-6 

 

 

Ullmann C-O 13

C19 MOM

-

C19

TBS
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- Ullmann C-O

 

 

GKK1032A2 (2)  

Pyrrocidine A (6) Embellicine A(13) -

Hirsutellne B (9) 

 (33)  

-

Diaporthichalasin (39) 

30

37 ,β-

β-γ

(Figure 1-3-7)  

 

Figure 1-3-7 
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Nay GKK1032

,β- PKS-NRPS Hirsutellone B 

(9) ,β-

(Figure 1-3-8)

PKS-NRPS 40

41 41

13

-β

Hirsutelone B (9) 

Hirsutelone B 33 41

13 13

-

33

 

 

Figure 1-3-8 
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Nicolaou Hirsutellone B (9) 13a 44

C17 -

Hirsutellone B (9) (Figure 1-3-9) 

45 33

13 C17-19

13

C17 C17-19

Hirsutellone B (9) Hirsutelone 

B 33

C17-19 -

 

 

Fgure 1-3-9 
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Hirsutelone B 33

13

 

 

Hisrsutellone B (9) 

GKK1032A2 (2) 
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 GKK1032A2  

Ullmann C-O  

 

GKK1032A2  

 

Hirsutellone B (9) 13

C19

 

 

Hisrsutellone B (9) 

GKK1032A2 (2) 

Hirsutellone B (9) 

C13

(Figure 2-1-1)  

 

Figure 2-1-1 

 

 

GKK1032A2 (2) 

4

9,11

GKK1032A2 (2)  
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2005 GKK1032A2  (2)

11a (Figure 2-1-2) Hajos-Parrish 48

54 Diels-Alder AB

55 GKK1032A2 

(2) 60  

 

Figure 2-1-2 
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2006 GKK1032A2 (2) 

-Danishefsky 61 62 Diels-Alder

67 Stille

Diels-Alder (IMDA) 68 11b(Figure 2-1-3)

IMDA

C13 69

C13

 

 

Figure 2-1-3 
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2015 GKK1032A2 (2) 

70 71 Diels-Alder 6-5

72

80

IMDA

IMDA C13

C13 IMDA

C13 α IMDA

9 (Figure 2-1-4)  

 

Figure 2-1-4 
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2011 GKK1032A2 (2) 

11d 82 83

TMSOTf C

C7

AB IMDA

IMDA

C

Diels-Alder (DA)

86 retro DA

IMDA 87

IMDA

DA

retro DA - IMDA

GKK1032A2 (2) C3

IMDA -

IMDA IMDA 88

L-selectride ® C13

GKK1032A2 (2)  (Scheme 2-1-1)  
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Scheme 2-1-1 
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GKK1032A2 (2)

10

13

Hirsutellone B (9) 

Ullmann C-O GKK1032A2 (2) 13

(Figure 

2-1-5)  

 

Figure 2-1-5 
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89 13

92 (Scheme 2-1-2) 89

LiAlH4 96 TEMPO

TMS 97

97

Dess-Martin 90

90 99 Knoevenagel 31

1,4- 91 91

MOM TMS 13

92  

 

Scheme 2-1-2 
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Hirsutellone B (9) Buchwald 21 Ullmann

13 93

MOM α 102

(Scheme 2-1-3)  

 

Scheme 2-1-3 

 

 

Hirsutellone B (9) 

Ullmann C-O 15%

13 105 GKK1032A2 (2)

13 13 105 GKK1032A2 

(2) Hirsutellone B (9) 
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13 105 TBS

107 tert-

- 108 (Scheme 2-1-4)  

 

Scheme 2-1-4 
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- 108

GKK1032A2 (2) (Table 2-1-1)

GKK1032A2 (2)

Hirsutellone B (9) 

MOM -

α-

- - 13

 

 

Table 2-1-1 
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Ullmann

3,3-

32(Scheme 2-1-4)  

 

Scheme 2-1-4 
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110 Ullmann

C-O 13 111

 

 

Scheme 2-1-4 

 

 

GKK1032A2 (2) 13 11e(Figure 2-1-5)

C13 Ullmann C-O

Michael 13

13 GKK1032A2 (2) 

13
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Figure 2-1-5 

 

 

13

GKK1032A2 (2) 

Hirsutellone B (9) 

13 GKK1032A2 (2) 

 

 

13 Ullmann C-O 2002

Buchwald 21

GKK1032A2 (2) 13 C13

13

Ullmann C-O
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Ullmann C-O  

 

Hirsutellone B (9) 13

Buchwald Ullmann C-O

GKK1032A2 (2)

(Scheme 2-2-1)  

 

Scheme 2-2-1 

 

 

Ullmann C-O

GKK1032A2 (2) 13 Ullmann C-O
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1903 Ullmann

33(Figure 2-2-1)  

 

Figure 2-2-1 

 

 

1974 Mckillop 1,3,5-

34

1992 Brandsma

Ullmann

35(Scheme 2-2-2)  

 

Scheme 2-2-2 
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Ullmann C-O

36,37

 

 

2002 Buchwald

1,10-phenanthroline (L1) Cs2CO3

21(Table 2-2-1)  

 

Table 2-2-1 
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2008 Buchwald Me4-phenanthroline (L2)

38(Table 2-2-2)

 

 

Table 2-2-2 
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Buchwald

C-O (Table 2-2-3)

- (120)

119

GKK1032A2 (2) 13

 

Buchwald Me4-phenanthroline(L2) 110

C-O

121 140

122

1,10-phenanthroline 122

K3PO4
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Table 2-2-3 

 

 

Buchwald

Ullmann C-O
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2010 Buchwald Ullmann C-O

39 125

126

126 124

126

(Figure 2-2-2)  

 

Figure 2-2-2 

 

 

126

Hartwig 40 1

127 128

2

126 130

131 16

10% 70% 130

1,10-phenanthroline (L1) 135
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126 81% 126 

125 1,10-phenanthroline (L1) 

1 122 

(Figure 2-2-3)  

 

Figure 2-2-3 
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SET(Single Electron Transfer) IAT(Iodine Atom Transfer)

-Bond Methathesis

41(Figure 2-2-4)  

 

Figure 2-2-4 

 

 

2010 Buchwald

- L3 N-

L2 O-

39(Figure 2-2-5)  
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Figure 2-2-5 

 

 

Buchwald Ullmann

(Figure 

2-2-6)  

 

Figure 2-2-6 
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Ullmann

4 -

L3 C-N SET

L2

C-O IAT

Buchwald Ullmann

Figure 2-2-7  

 

Figure 2-2-7 
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Ullmann C-O

IAT

Ullmann C-O

Buchwald

1,10-phenanthroline (L1) Ullmann C-O
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Figure 2-2-6 Buchwald 1,10-phenanthroline (L1) 

1:1

1,10-phenanthroline (L1) 1:2

2

1,10-phenanthroline (L1) 1:1

 

1,10-phenanthroline (L1) 140 1

(Table 

2-2-4)  

 

Table 2-2-4 

 

 

1,10-phenanthroline (L1) 

1,10-phenanthroline (L1) 1:1 0

1:2 53

1,10-phenanthroline (L1) 1:1

Buchwald 1,10-phenanthroline (L1) 

1:2 127

133 1 1,10-phenanthroline (L1) 
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132 (Figure 2-2-8)  

 

Figure 2-2-8 

 

 

18

Ullmann

Hu 42(Figure 2-2-9)  

 

Figure 2-2-9 
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Buchwald Ullmann C-O

(Figure 2-2-10) 2

132 - 1

127  

 

Figure 2-2-10 

 

 

127

132 -

138
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(Figure 2-2-11)  

 

Figure 2-2-11 

 

 

138

138

DMAP (4-dimethylaminopyridine) 

Ullmann C-O
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Ullmann C-O  

 

Ullmann C-O  

Ullmann C-O

2007 Wong DMAP Ullmann C O C N

43(Table 2-3-1)

1,10-phenanthroline DMAP

9-azajulolidine

2

Buchwald
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Table 2-3-1 
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0.1 4 DMAP

3 - 119

4 120

140 18 Buchwald 1,10-phenanthroline (L1) 

121

(Table 2-3-2)  

 

Table 2-3-2 

 

 

DMAP

(Table 2-3-3) 4 DMAP

121

12 DMAP
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Table 2-3-3 

 
a The reaction was conducted in the absence of K3PO4. 
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1,10-phenanthroline (L1) 

6

(Table 2-3-4)  

 

Table 2-3-4 
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12 DMAP (L5) 

12 DMAP (L5) 

Buchwald 2 1,10-phenanthroline (L1) 3

2

(Figure 2-3-1)  

 

Figure 2-3-1 

 

DMAP Ullmann

C-O

DMAP
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DMAP 4-methoxypyridine 

(L6) 4-methylpyridine (L7)

121

(Figure 2-3-2)  

 

Figure 2-3-2 

 

Wong Ullmann C-O

9-azajulolidine (L4) DMAP

(Table 2-3-5) 4-pyrrolidinopyridine (L8)

86 DMAP

Ullmann C-O
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4-pyrrolidinopyridine (L8) C-O

DMF DMSO

DMF DMSO

4-pyrrolidinopyridine (L8)

 

 

 

Figure 2-3-5 

 

 

Ullmann C-O
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Ullmann C-O  

 

Ullmann C-O

 

120 139a-e C-O

(Table 2-4-1)

140a-e Buchwald

 139d

139e  

 

Table 2-4-1 

 

 

 

 

 

 



90 
 

141a-h

C-O

(Table 2-4-2)  

 

Table 2-4-2 

 
a Reactions conducted using the phen ligand; CuI (10 mol%), L2 (20 mol%), Cs2CO3 (200 mol%), toluene, 
140 °C, 18 h. 
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141h

142h Buchwald

C-O

44 (Figure 2-4-1) Ullmann C-O

 

 

Figure 2-4-1 
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4-pyrrolidinopyridine (L8) 

Ullmann C-O Buchwald

Ullmann C-O  
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Ullmann C-O

4-pyrrolidinopyridine (L8) 

Ullmann C-O

 

 

Buchwald

138

(Scheme 2-5-1)

143 -

137

45 137

138

137
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138

138

IAT (Iodine Atom Transfer) SET (Single Electron Transfer) -Bond Methathesis Oxidative 

Addition – Reductive Elimination

 

 

Figure 2-5-1 

 

 

138 Hartwig

(Scheme 2-5-2

144  

 

Scheme 2-5-2 
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144

 

Hartwig

 (Scheme 2-5-3

130

C-O 1,10-phenanthroline 

(L1)  

 

Scheme 2-5-3 

 

 

130

127

 (Scheme 2-5-4)  

 

Scheme 2-5-4 
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138 144

(Scheme 2-5-5)  

 

Scheme 2-5-5 
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2 144

138 137

137 2 1

135

144 138

144

(Figure 2-5-2)  

 

Figure 2-5-2 

 

 

128
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127

128 127

134 127

(Figure 2-5-3)  

 

Figure 2-5-3 

 

 

Ullmann C-O

Buchwald

Ullmann C-O

 

 

Ullmann C-O

GKK1032A2 (2) 13  
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Ullmann C-O 13  

 

GKK1032A2 (2) 13 Ullmann C-O

Knoevenagel

56 89

95

90 (Scheme 2-6-1)

Claisen

89 90

89 C13 2 TMS

90

 

 

Scheme 2-6-1 

 

 

89 TMSCl

146 Claisen

90 (Scheme 2-6-2)  

 



100 
 

Scheme 2-6-2 

 

 

90

13 (Scheme 

2-6-3) 90 99 Knoevenagel

L-selectride 1,4- 91

91 3,3- TMS

110  

 

Scheme 2-6-3 
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110 Ullmann C-O

13 111

(Scheme 2-6-4)  

 

Scheme 2-6-4 

 

 

Ullmann C-O

GKK1032A2 (2) 13
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Figure 2-6-1 
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6-

13 GKK1032A2  

 

6- 13  

 

Ullmann C-O

GKK1032A2 (2) 13

Ullmann C-O

-  

 

 

-

46(Scheme 3-1-1)  

 

Scheme 3-1-1 
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1997 Nicolaou

Vancomycin 2

Vancomycin C/D/E

47(Scheme 3-1-2)

Vancomycin  

 

Scheme 3-1-2 
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  2007 Steglish Retipolide E (159) 14

48(Scheme 3-1-3)

t-

 

 

Scheme 3-1-3 
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2013

49

50(Shceme 3-1-4)  

 

Shceme 3-1-4 

 

 

GKK1032A2 (2) 13

13
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6- 51(Figure 3-1-1)

6-

52  

 

Figure 3-1-1 

 

 

6- -

53 1997 Jones -

Diels-Alder 6-

endo

53a-d(Figure 3-1-2, Shceme 3-1-5)  
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Shceme 3-1-5 

 

 

1999 Jones X 6-

- 53e 

 

Figure 3-1-2 
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6- GKK1032A2 

(2) 13 (Figure 3-1-3)

6-

164 2 -

165

 

 

Figure 3-1-3 

 

 

164 90

167 Knoevenagel

170 (Figure 

3-1-4)  
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Figure 3-1-4 
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170 (S)- 171

PMBCl 173 54 4-

4-

175 55 TBS DDQ

PMB 175 Swern

170 Scheme 3-2-1  

 

Scheme 3-2-1 
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170 90 Knoevenagel

, - 169 L-selectride®

MOMCl

167 Scheme 3-2-2  

 

Scheme 3-2-2 
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167 η

166 56 166

Table 3-2-1  

 

Table 3-2-1 
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13  

 

13 η

13

99  

 

170 175

160 6-

176 Swern

58 177 Scheme 

3-3-1  

 

Scheme 3-3-1 
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177 90

Knoevenagel , - 1178

L-Selectride®

MOMCl PPTS

TMS 13 164

Scheme 3-3-2 164 MOM

C18 E  

 

Scheme 3-3-2 
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164

13 η

THF

DMF

η

naked THF

18-crown-6 59

181 Table 3-3-1  

 

Table 3-3-1 
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η6- GKK1032A2 (2)

13

164

164
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GKK1032A2  

 

C13 TMS 90

164 TMS

164

5 C13 TMS 182

Claisen Knoevenagel η6- 1,4-

MOM 164

Figure 3-4-1  

 

Figure 3-4-1 
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89

Claisen 182

Scheme 3-4-1  

Scheme 3-4-1 

 
 

182 177 Knoevenagel

L-Selectride® 1,4- η6-

182 MOMCl

164 Scheme 

3-4-2 164

 

 

Scheme 3-4-2 
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164 13

40 80

181 Table 

3-4-1  

 

Table 3-4-1 

 

 

164 C13

164 C13
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C13

α 1

C13

(Figure 

3-4-2)  

 

Figure 3-4-2 
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taxol

C13 C4

60(Figure 3-4-3)  

 

Figure 3-4-3 
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naked

C13

80 13

13 181

TBS 13 185 13

TBS

40 TBS 185

(Scheme 3-4-3)  

 

Scheme 3-4-3 
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GKK1032A2 (2) 13

η

 

 

13 181 GKK1032A2 (2)

 

13 181 GKK1032A2 (2) 13 181

13 181

19 R 164

13 13 181

MOM

181 (Figure 3-4-4)  

 

Figure 3-4-4 
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181 NOESY MOM

C2 C14 NOE

MOM

(Figure 3-4-5) MOM C18

13 E  

 

Figure 3-4-5 

 

 

13 Ullmann C-O

C19 TBS

GKK1032A2 (2) -
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GKK1032A2 (2) (Scheme 3-4-4, 3-4-5)

181 TBS 186

186 NOESY

MOM C2 C14 MOM

186

tert-

C19

- 187

C19 - 187

MOM

GKK1032A2 (2)

GKK1032A2 (2)  

 

Scheme 3-4-4 
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Scheme 3-4-5 

 
 

10 GKK1032A2 

(2) Hirsutellone B (9)

13 GKK1032A2 (2)

-

η6-

13 Ullmann  C-O

Pyrrocidine A (6) Embellicine A (13) 
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Hirsutellone

13 C19

-  

 

 

 

Hirsutellone

C19 R

S Ullmann  C-O

NOESY

C19 R MOM

S MOM
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Ullmann C-O 13

13

C19 C19 TBSO
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Ullmann C-O
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Hirsutellone B (9)

GKK1032A2 (2)  

 

GKK1032A2 C13

13 Hirsutellone B (9)

Ullmann

 

DMAP C-O

12 DMAP

 

 

 

 

 

 

 



133 
 

DMAP 4-pyrrolidinopyridine 

(L8)  

 

 

 

139a-e

120 Ullmann C-O

139a-e Buchwald-Ullmann
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GKK1032A2 (2) 13

13

13

GKK1032A2 (2) 13 -
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6-

99

-

165

 

 

 

 

177

164

164

40

13 115  

Hirsutellone B (9) Ullmann

13 GKK1032A2 (2)

13  
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4

1H-NMR 13C-NMR

GKK1032A2 (2)  
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Hirsutellone

 

Ullmann  C-O

 

GKK1032A2 13

C13

13

C13 13

13 GKK1032A2
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IR  

JASCO FT/IR-410 NaCl neat

KBr KBr Perkin-Elmer 100 FT-IR spectrometer ATR

ATR  

 

NMR  

1H NMR 13C NMR JEOL JNM-AD400 Bruker DRX-600

 

TMS ppm

 

s = singlet d = doublet t = triplet q = quartet m = multiplet

br = broad  

 

Mass  

Hitachi M-80 SHIMADZU LCMS-2010EV

70eV ESI Mass HRMS

PFIC n- Hitachi datalyzer 003 system 

 

Applied Biosystems API QSTAR pulsar I ESI Mass HRMS
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HPLC  

GL Science  PU614 UV620 CO 630 

N-10 DG 660-2  

 

[ ]D  

  JASCO P-1030  

 

 

 

60N  

TLC 

TLC ( )  B-5F  

 

MERCK TLC  60F254  

 

 

 

THF Et2O  

 

CH2Cl2  

 

 

MS4A  
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DMF (DMSO)

 

MS4A  

Et3N  

 

MeOH  

MS3A  
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Macrocycle (21) 

 

 

 

(9.9 mg, 0.10 mmol) 1,10- (36.0 mg, 0.20 mmol)

(326 mg, 1.0 mmol) (7.2 mg, 0.010 mmol) (5.0 mL)

170 2

( :  = 10:1)

21 4.2 mg (  72%) 

 

[ ]D
23 = +186 (c = 0.08, CHCl3); 

IR (ATR) max = 2951, 2926, 2856, 1725, 1485, 1456, 1372, 1249, 1064, 1025, 1007, 949, 922, 835, 775, 748, 

513 cm−1; 

1H NMR (400 MHz, CDCl3)  = 7.07 (1H, d, J = 8.8 Hz), 6.92 (2H, s), 6.87 (1H, d, J = 8.8 Hz), 5.83 (1H, d, 

J = 9.8 Hz), 5.46 (1H, s), 4.89 (2H, dt, J = 20.0, 9.1 Hz), 4.78 (1H, d, J = 5.6 Hz), 4.63 (1H, d, J = 5.6 Hz), 

3.57 (2H, s), 3.28 (1H, s), 2.88 (1H, d, J = 5.4 Hz), 2.39 (3H, dt, J = 24.2, 8.1 Hz), 2.13-1.92 (2H, m), 

1.69-1.46 (9H, m), 0.98-0.83 (17H, m), 0.17 (3H, s), 0.14 (3H, s) ppm; 

13C NMR (100 MHz, CDCl3)  = 167.1, 158.0, 138.2, 130.1, 129.7, 129.5, 128.9, 127.2, 120.9, 119.3, 115.9, 

98.0, 83.6, 73.5, 57.4, 55.3, 49.5, 46.4, 46.2, 45.3, 44.3, 43.5, 37.9, 36.4, 36.0, 33.1, 29.7, 29.5, 25.9, 25.8, 

22.5, 18.1, -4.6, -4.7 ppm; 
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HRMS (FAB) calcd. for C36H52NO4Si [M+H]+ 590.3666, found 590.3665. 
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Macrocycle (32) 

 

 

 

(9.9 mg, 0.10 mmol) 1,10- (36.0 mg, 0.20 mmol)

(376 mg, 1.0 mmol) (7.0 mg, 0.0097 mmol) (5.0 mL)

170 2

( :  = 10:1)

32 4.5 mg (  78%) 

 

[ ]D
21 = +107.4 (c = 0.46, CHCl3) 

IR (ATR) vmax = 2952, 2926, 2856, 2205, 1605, 1506, 1462, 1240, 1154, 1048, 1002, 903, 836, 776, 407 

cm−1; 

1H NMR (400 MHz, CDCl3) = 7.14 (1H, dd, J = 8.6, 1.7 Hz), 7.08 (1H, dd, J = 8.6, 2.4 Hz), 6.77 (1H, dd, 

J = 8.0, 1.7 Hz), 6.62 (1H, dd, J = 8.0, 2.4 Hz), 5.82 (1H, d, J = 9.8 Hz), 5.70 (1H, ddd, J = 16.9, 10.0, 7.1 

Hz), 5.41–5.37 (1H, m), 5.28 (1H, d, J = 6.6 Hz), 4.98 (1H, dd, J = 10.0, 2.0 Hz), 4.92 (1H, d, J = 6.6 Hz), 

4.85 (1H, dd, J = 16.9, 2.0 Hz), 4.73 (1H, t, J = 6.1 Hz), 3.86-3.80 (1H, m), 3.51 (3H, s), 3.22 (1H, dd, J = 

12.2, 5.2 Hz), 3.14 (1H, br), 2.99 (1H, dd, J = 11.2, 5.2 Hz), 2.40 (1H, dd,  J = 15.4, 10.7 Hz), 2.22 (1H, dd, 

J = 12.2, 10.7 Hz), 2.20 (1H, dd, J = 12.0, 2.9 Hz), 2.06 (1H, dt, J = 11.2, 1.7 Hz), 1.97 (1H, d, J = 11.9 Hz), 

1.92–1.84 (2H, m), 1.74 (1H, d, J = 15.6 Hz), 1.45–1.39(2H, m), 1.14–1.03 (1H, m), 0.96 (3H, d, J = 6.6 Hz), 

0.93 (15H, s), 0.93–0.86 (1H, m), 0.85–0.79 (1H, m) ppm; 

13C NMR (100 MHz, CDCl3)  = 165.3, 160.7, 137.4, 131.2, 128.9, 128.6, 127.2, 120.2, 119.9, 119.2, 116.6, 
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93.6, 89.7, 89.3, 73.9, 56.9, 55.2, 48.4, 47.7, 46.5, 46.4, 44.9, 43.7, 38.0, 36.2, 35.9, 32.6, 29.7, 28.8, 26.1, 

25.9, 22.5, 18.1, −4.7, −4.8 ppm; 

HRMS (ESI) calcd for C36H51NO4SiNa [M+Na]+ 612.3485, found 612.3488. 
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Ketonitrile (29) 

 

 

 

(2.0 mg, 0.0034 mmol) THF (0.5 ml)

(0.068 mL, 0.068 mmol, 1.0 M in THF)

 

 

CH2Cl2  (2.0 mL) DMP(7.6 mg, 0.018 mmol)

1 5%

PTLC( 1 1)

1.4 mg (  2 steps 90%) 

 

[ ]D
23 = +169 (c = 0.08, CHCl3); 

IR (ATR) max = 2928, 2854, 2205, 1616, 1485, 1255, 1249, 1064, 1025, 1007, 949, 922, 835, 775, 748, 513 

cm−1; 

1H NMR (400 MHz, CDCl3)  = 7.15-7.11 (1H, m), 7.10 (1H, t, J = 5.2 Hz), 7.05 (1H, t, J = 5.4 Hz), 6.98 

(1H, dd, J = 8.1, 2.4 Hz), 5.83 (1H, d, J = 9.8 Hz), 5.42 (1H, d, J = 17.1 Hz), 5.34 (1H, s), 4.88 (2H, dt, J = 

19.7, 9.1 Hz), 4.67-4.62 (2H, m), 4.56 (1H, d, J = 6.6 Hz), 3.76 (1H, d, J = 15.4 Hz), 3.69 (1H, d, J = 12.7 

Hz), 3.63 (3H, d, J = 12.0 Hz), 3.50 (1H, d, J = 15.4 Hz), 2.94 (1H, t, J = 8.9 Hz), 2.67 (1H, d, J = 12.5 Hz), 

2.15 (2H, s), 1.99 (1H, s), 1.60-1.39 (7H, m), 0.99-0.85 (5H, m) ppm; 
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13C NMR (100 MHz, CDCl3)  = 204.1, 169.3, 159.1, 137.7, 132.0, 130.1, 128.7, 127.2, 125.8, 122.2, 120.2, 

118.1, 116.4, 98.3, 85.6, 83.9, 57.6, 55.4, 50.9, 49.7, 46.4, 45.9, 45.0, 43.2, 41.7, 37.9, 36.4, 33.1 , 29.5, 22.5 

ppm. 

HRMS (FAB) calcd. for C30H36NO4 [M+H]+ 474.2644, found 474.2644. 
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Ketonitrile (35) 

 

 
 

(4.0 mg, 0.0068 mmol) THF(1.0 ml)

THF (0.136 mL, 0.136 mmol, 1.0 M )

 

 

CH2Cl2  (4.0 mL) DMP(78.0 mg, 0.184 mmol)

1 5%

( 3

1) 16.1 mg (  2 steps 93%) 

 

[ ]D
21 = +151.6(c = 0.166, CHCl3); 

IR (ATR) vmax = 3020, 2948, 2916, 2851, 2207, 1708, 1603, 1505, 1455, 1241, 1153, 1110, 1052, 1011, 962, 

918, 819, 725, 549, 452, 403, 395 cm-1; 

1H NMR (400 MHz, CDCl3) = 7.29 (1H, dd, J = 8.6, 2.0 Hz), 7.24 (1H, dd, J = 8.6, 2.2 Hz), 6.83 (1H, dd, 

J = 8.0, 2.0 Hz), 6.77 (1H, dd, J = 8.0, 2.2 Hz), 5.83 (1H, d, J = 9.8 Hz), 5.65 (1H, ddd, J = 16.8, 9.5, 7.3 Hz), 

5.40–5.36 (1H, m), 5.23 (1H, d, J = 6.6 Hz), 4.87–4.83 (3H, m), 3.64 (1H, d, J = 13.4 Hz), 3.56 (1H, d, J = 

13.4 Hz), 3.49 (3H, s), 3.12 (1H, br), 3.08 (1H, d, J = 13.9 Hz), 3.00 (1H, dd, J = 11.5, 5.4 Hz), 2.48 (1H, d, 
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J = 13.9 Hz), 2.21–2.17 (1H, m), 2.08 (1H, dt, J = 11.0, 2.0 Hz), 1.99–1.84 (3H, m), 1.64–1.59 (1H, m), 

1.47–1.37 (1H, m), 1.13–1.07 (1H, m), 0.96 (3H, d, J = 6.6 Hz), 0.94–0.77 (3H, m) ppm; 

13C NMR (100 MHz, CDCl3)  = 202.4, 166.0, 161.6, 136.9, 132.5, 129.4, 128.6, 127.3, 125.6, 121.1, 120.9, 

119.4, 117.0, 93.3, 88.8, 84.8, 57.2, 55.2, 51.9, 48.0, 47.6, 46.7, 46.6, 43.1, 42.3, 38.0, 36.0, 32.6, 28.8, 22.5 

ppm; 

HRMS (ESI) calcd for C30H35NO4Na [M+Na]+ 496.2464, found 496.2468. 
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Hirsutellone B (9) 

 

 

 

(4.3 mg, 0.0091 mmol) t-  (2.0 ml) 1

60 1

 

 

i- (1.0 mL) 1 (1.0 mL)

60 1

PTLC(  only) 3.5 mg (  2 steps 

85%) 

 

[ ]D
23 = +247 (c = 0.07, MeOH); 

IR (ATR) max = 3407, 3256, 2948, 2912, 1705, 1667, 1608, 1509, 1301, 1240, 1091, 1055, 997, 926, 728, 

775, 748, 513 cm−1; 

1H NMR (400 MHz, CDCl3)  = 7.10 (1H, dd, J = 8.4, 1.7 Hz), 7.05 (1H, dd, J = 8.4, 2.2 Hz), 6.89 (1H, dd, 

J = 8.4, 1.7 Hz), 6.86 (1H, dd, J = 8.3, 2.2 Hz), 5.91 (1H, br), 5.81 (1H, d, J = 9.8 Hz), 5.34 (1H, ddd, J = 9.8, 

4.9, 2.1 Hz), 5.22 (1H, dt, J = 17.1, 9.6 Hz), 4.88 (1H, dd, J = 16.9, 1.2 Hz), 4.86 (1H, m), 4.84 (1H, m), 3.50 

(1H, m), 3.45 (1H, dd, J = 11.0, 5.9 Hz), 3.00 (1H, d, J = 13.0 Hz), 2.94 (1H, dd, J = 12.3, 3.7 Hz), 2.86 (1H, 

d, J = 13.0 Hz), 2.71 (1H, dd, J = 15.0, 3.7 Hz), 2.47 (1H, br), 2.15 (2H, m), 1.97 (1H, m), 1.94 (1H, dd, J = 
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14.8, 12.6 Hz), 1.85 (1H, m), 1.64 (1H, m), 1.48 (1H, dt, J = 4.6, 11.5 Hz), 1.43 (1H, m), 1.40 (1H, dq, J = 

3.5, 12.5 Hz), 1.12 (1H, dq, J = 3.8, 12.5 Hz), 0.95 (3H, d, J = 6.6 Hz), 0.90 (1H, m), 0.82 (1H, dq, J = 2.4, 

11.1 Hz) ppm; 

13C NMR (100 MHz, CDCl3)  = 200.9, 171.9, 158.3, 137.3, 131.7, 131.4, 128.7, 127.4, 127.2, 121.8, 121.6, 

116.4, 89.0, 84.6, 55.7, 53.9, 49.9, 48.9, 47.2, 46.7, 44.0, 42.4, 38.0, 36.5, 34.6, 33.1, 29.4, 22.5 ppm; 

HRMS (FAB) calcd. for C28H34NO4 [M+H]+ 448.2488, found 448.2489. 
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Unnatural Isomer of Hirsutellones (33) 

 

 

 

(1.1 mg, 0.0017 mmol) t-BuOH(2.0 ml) 2

60 1

 

 

 (1.0 mL) 1 (1.0 

mL) 60 30

PTLC ( only)

1.0 mg (  2 steps 80%) 

 

[ ]D
22 = +22.1(c = 0.07, CHCl3); 

IR (ATR) vmax = 3276, 3016, 2923, 2854, 1721,1670, 1632, 1505, 1448, 1411, 1276, 1238, 1103, 1055, 978, 

907, 807, 736, 385 cm−1; 

1H NMR (400 MHz, CDCl3) = 11.37 (1H, s), 7.07 (2H, d, J = 7.1 Hz), 7.00 (2H, d, J = 8.0 Hz), 5.91 (1H, d, 

J = 9.8 Hz), 5.55 (1H, ddd, J = 10.0, 7.6, 2.4 Hz), 5.41–5.37 (1H, m), 4.94 (1H, dd, J = 10.0, 1.4 Hz), 4.80 

(1H, d, J = 16.8 Hz), 4.68 (1H, t-like, J = 3.2 Hz), 3.04 (1H, d, J = 13.2 Hz), 2.91 (1H, d, J = 13.2 Hz), 

2.61–2.60 (1H, br), 2.54 (1H, dd, J = 11.7, 6.8 Hz), 2.43 (1H, d, J = 14.4 Hz), 2.20 (1H, t, 11.7 Hz), 2.14 (1H, 
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d, J = 14.4 Hz), 2.13–2.11 (1H, m), 2.00 (1H, d, J = 11.7 Hz), 1.84 (1H, d, J = 11.0 Hz), 1.69 (1H, t, J = 11.5 

Hz), 1.43–1.34 (2H, m), 1.19–1.11 (1H, m), 1.01–0.92 (1H, m), 0.96 (3H, d, J = 6.6 Hz), 0.92–0.81 (2H, m) 

ppm; 

13C NMR (100 MHz, CDCl3)  = 175.1, 164.2, 158.6, 137.4, 132.6, 129.6, 129.0, 128.3, 124.2, 118.9, 116.4, 

100.2, 90.6, 84.2, 56.5, 51.1, 46.9, 44.5, 41.6, 41.0, 38.6, 38.0, 36.7, 33.3, 29.7, 29.6, 22.6 ppm; 

HRMS (ESI) calcd for C13H29OSiNa [M+Na]+ 470.2302, found 470.2301. 
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1-(cyclohexylmethoxy)-4-iodobenzene (119) 

 

 

 

p- (9.3 g, 42 mmol) DMF (50 mL) (9.7g, 

70mmol) (4.9 mL, 35 mmol) 50

= 4 : 1

30:1  7.7 g ( 70%) 

 

IR (ATR) νmax = 2921, 2851, 1586, 1485, 1282, 1242, 1174 cm-1; 

1H NMR (600 MHz, CDCl3) δ = 7.53 (2H, d, J = 6.6 Hz), 6.67 (2H, d, J = 6.6 Hz), 3.70 (2H, d, J = 6.0 Hz), 

1.86-1.83 (2H, m), 1.81-1.74 (3H, m),1.72-1.68 (1H, m), 1.33-1.25 (2H, m), 1.23-1.67 (1H, m), 1.07-1.00 

(2H, m) ppm; 

13C NMR (150 MHz, CDCl3) δ = 159.2, 138.1, 116.9, 82.3, 73.6, 37.6, 2.8, 26.5, 25.8 ppm; 

LRMS (ESI) m/z: 317.10 [M+H+]. 
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A (Buchwald’s condition) 

 

 

 

(326 mg, 1.0 mmol)

(I) (9.5 mg, 0.05 mmol) 1,10-phenanthroline (36.0 mg, 0.10 mmol)  (158 mg, 0.5 mmol)

(0.5 mmol) (0.5 mL) 140 18

( :  = 10:1)
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B (Our developed condition) 

 

 

 

(191 mg, 0.9 mmol)

(I) (8.6 mg, 0.045 mmol) 4-  (36.0 mg, 0.54 mmol)  (158 mg, 0.45 mmol)

(0.45 mmol) (0.45 mL) 140

18

( :  = 10:1)
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(5S’,8R’,9S’,10S’,13R’,14S’)-3-(4-(cyclohexylmethoxy)phenoxy)-10,13-dimethyl-17-((R’)-6-methylhept

an-2-yl)hexadecahydro-1H-cyclopenta[a]phenanthrene (121) 

 

 

 

IR (ATR) νmax = 2926, 2852, 1506, 1468, 1380, 1231, 1038, 816 cm-1; 

1H NMR (600 MHz, CDCl3) δ = 6.83 (2H, d, J = 9.6 Hz), 6.90 (2H, d, J = 9.0 Hz), 4.06-4.01 (1H, m), 3.70 

(2H, d, J = 6.6 Hz), 1.99-1.95 (2H, m), 1.88-1.85 (2H, m), 1.84-1.80 (1H, m), 1.78-1.75 (4H, m), 1.74-1.65 

(3H, m), 1.60-1.49 (4H, m), 1.45-0.97 (25H, m), 0.92 (3H, d, J = 6.6 Hz), 0.88 (3H, d, J = 3.0 Hz), 0.87 (3H, 

d, J = 2.4 Hz), 0.85 (3H, s), 0.67 (3H, s), 0.66 (1H, m) ppm; 

13C NMR (150 MHz, CDCl3) δ = 153.7, 151.7, 117.7, 115.2, 78.1, 74.1, 56.5, 56.3, 54.4, 44.9, 42.6, 40.0, 

39.5, 37.8, 37.0, 36.2, 35.8, 35.7, 35.5 34.6, 32.1, 29.9, 28.7, 28.3, 28.2, 28.0, 26.6, 25.8, 24.2, 23.8, 22.8, 

22.6, 21.3, 18.7, 12.3, 12.1 ppm; 

LRMS (ESI) m/z: 577.46 [M+H+]. 
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1-(cyclohexylmethoxy)-4-(heptyloxy)benzene (139a) 

 

 

 

IR (ATR) νmax =2922, 2853, 1507, 1468, 1390, 1229, 1037, 822 cm-1; 

1H NMR (600 MHz, CDCl3) δ = 6.81 (4H, s), 3.90 (2H, t, J = 6.6 Hz), 3.70 (2H, d, J = 6.6 Hz), 1.86 (2H, m), 

1.78-1.73 (5H, m), 1.69 (1H, m), 1.44 (2H, m), 1.37-1.23 (8H, m), 1.21 (1H, m), 1.04 (2H, m), 0.89 (3H, t, J 

= 7.2 Hz) ppm; 

13C NMR (150 MHz, CDCl3) δ = 153.4, 153.1, 115.4, 115.4, 74.2, 68.7, 37.8, 31.8, 30.0, 29.4, 29.1, 26.6, 

26.0, 25.8, 22.6, 14.1 ppm; 

LRMS (ESI) m/z: 327.23 [M+Na+]. 
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2-(4-(cyclohexylmethoxy)phenoxy)adamantine (139b) 

 

 

 

IR (ATR) νmax = 2902, 2850, 1503, 1467, 1448, 1382, 1365, 1282, 1224, 1209, 1100, 1082, 1224, 1209, 

1100, 1082, 11049, 1016, 962, 939, 819, 796, 774, 76, 516 cm-1; 

1H NMR (600 MHz, CDCl3) δ = 6.88 (2H, d, J = 9.0 Hz), 6.82 (2H, d, J = 9.0 Hz), 4.29 (1H, s), 3.71 (2H, d, 

J = 6.6 Hz), 2.20 (2H, d, J = 12.0 Hz), 2.14 (2H, s) 1.91-1.87 (6H, m), 1.80-1.69 (8H, m), 1.54 (2H, d, J = 12 

Hz),1.31 (2H, m), 1.22 (1H, m), 1.09-1.02 (2H, m) ppm; 

13C NMR (150 MHz, CDCl3) δ = 153.5, 151.4, 117.6, 115.2, 80.6, 74.1, 37.8, 37.5, 36.4, 31.5, 31.4, 29.9, 

27.4, 27.3, 26.5, 25.8 ppm; 

LRMS (ESI) m/z: 363.20 [M+Na+].  
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(4R’)-2-(4-(cyclohexylmethoxy)phenoxy)-1,7,7-trimethylbicyclo[2.2.1]heptanes (139c) 

 

 

 

IR (ATR) νmax = 2922, 2852, 1504, 1468, 1389, 1225, 1064, 820 cm-1; 

1H NMR (600 MHz, CDCl3) δ = 6.81 (2H, d, J = 9.0 Hz), 6.78 (2H, d, J = 9.0 Hz), 3.98 (1H, dd, J = 3.6, 7.2 

Hz), 3.71 (1H, d, J = 6.0 Hz), 1.89-1.85 (3H, m), 1.80-1.70 (7H, m), 1.61 (1H, m), 1.31 (2H, m), 1.23 (1H, 

m), 1.16-1.02 (4H, m), 1.08 (3H, s), 1.00 (3H, s), 0.89 (3H, s) ppm; 

13C NMR (150 MHz, CDCl3) δ = 153.1, 152.1, 116.2, 115.3, 85.1, 74.2, 49.2, 46.9, 45.3, 39.4, 37.8, 34.3, 

29.9, 27.4, 26.6, 25.8, 20.3, 20.2, 11.8 ppm; 

LRMS (ESI) m/z: 365.23 [M+Na+]. 
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1-(cyclohexylmethoxy)-4-(heptan-2-yloxy)benzene (139d) 

 

 

 

IR (ATR) νmax = 2923, 2853, 1504, 1467, 1449, 1376, 1283, 1224, 1117, 1080, 1027, 991, 952, 894, 820 

cm-1; 

1H NMR (600 MHz, CDCl3) δ = 6.83 (4H, d, J = 0.6 Hz) 4.20 (1H, m), 3.71 (2H, d, J = 6.6 Hz), 1.88 (2H, 

m), 1.80-1.70 (5H, m), 1.57-1.52 (1H, m), 1.50-1.44 (1H, m), 1.43-1.37 (1H, m), 1.35-1.20 (7H, m), 1.27 

(3H, d, J = 6.0 Hz), 0.91 (3H, t, J = 7.2 Hz) ppm; 

13C NMR (150 MHz, CDCl3) δ = 153.5, 152.1, 117.4, 115.3, 75.0, 74.1, 37.8, 36.5, 31.8, 29.9, 26.6, 25.8, 

25.3, 22.6, 19.8, 14.0 ppm; 

LRMS (ESI) m/z: 305.21 [M+H+]. 
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1-(cyclohexylmethoxy)-4-(heptan-2-yloxy)benzene (139e) 

 

 

 

IR (ATR) νmax = 2923, 2853, 1503, 1466, 1379, 1224, 1120, 1027, 991, 820, 767, 520 cm-1; 

1H NMR (600 MHz, CDCl3) δ = 6.82 (4H, d, J = 2.4 Hz) 4.11 (1H, m), 3.71 (2H, d, J = 6.6 Hz), 1.88 (2H, 

m), 1.80-1.76 (3H, m), 1.72 (1H, m), 1.68-1.62 (2H, m), 1.60-1.54 (2H, m), 1.52-1.35 (4H, m), 1.31 (2H, m), 

1.23 (1H, m), 1.06 (2H, dq, J = 3.0, 12.6 Hz), 0.94 (6H, t, J = 7.2 Hz) ppm; 

13C NMR (150 MHz, CDCl3) δ = 153.4, 152.6, 117.3, 115.3, 78.7, 74.1, 37.8, 36.2, 29.9, 26.6, 25.8, 18.6, 

14.2 ppm; 

LRMS (ESI) m/z: 327.25 [M+H+]. 

 

 

 

 

 

 

 

 

 

 

 

 



163 
 

2-phenoxyadamantane (142a) 

 

 

 

IR (ATR) νmax = 2902, 2852, 1598 1585, 1492, 1382, 1236, 1168, 1100, 1048, 1026, 1011, 939, 749, 690 

cm-1; 

1H NMR (600MHz, CDCl3) δ = 7.25 (2H, t, J = 7.2 Hz), 6.93-6.89 (3H, m), 4.40 (1H, s), 2.19-2.15(4H, m), 

1.90-1.85 (4H, m), 1.76-1.751.52 (4H, m), (2H, m) ppm; 

13C NMR (150 MHz, CDCl3) δ = 157.7, 129.3, 120.3, 116.2, 79.4, 37.5, 36.4, 31.5, 31.5, 27.3, 27.3 ppm; 

LRMS (ESI) m/z: 229.16 [M+H+] 
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1,7,7-trimethyl-2-phenoxybicyclo[2.2.1]heptanes (142b) 

 

 

 

IR (ATR) νmax = 2951, 2877, 1599, 1585, 1494, 1454, 1389, 1370, 1312, 1243, 1190, 1169, 1108, 1063, 

1009, 972, 750, 690 cm-1; 

1H NMR (600 MHz, CDCl3) δ = 7.24 (2H, dd, J = 7.8, 7.2 Hz), 6.88 (1H, t, J = 7.2 Hz), 6.84 (2H, d, J = 7.8 

Hz), 4.03 (1H, dd, J = 7.2, 3.6 Hz), 1.87-1.80 (2H, m), 1.76-1.71 (2H, m), 1.62-1.58 (1H, m), 1.15-1.08 (2H, 

m), 1.06 (3H, s), 0.99 (3H, s), 0.87 (3H, s) ppm; 

13C NMR (150 MHz, CDCl3) δ = 158.0, 129.3, 120.0, 115.4, 84.4, 49.2, 47.0, 45.3, 39.5, 34.2, 27.4, 20.3, 

20.1, 11.8 ppm;                      

LRMS (ESI) m/z: 253.10 [M+Na+]. 
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(heptan-4-yloxy)benzene (142c) 

 

 

 

IR (ATR) νmax = 2930, 2859, 1598, 1586, 1493, 1456, 1377, 1298, 1240, 1173, 1118, 1028, 951, 881, 749, 

690 cm-1; 

1H NMR (600 MHz, CDCl3) δ = 7.26 (2H, t, J = 7.8 Hz), 6.92-6.87 (3H, m), 4.35 (1H, m), 1.76-1.70 (1H, m), 

1.58-1.52 (1H, m), 1.49-1.27 (7H, m), 1.29 (3H, d, J = 6.0 Hz), 0.89 (3H, t, J = 7.2 Hz) ppm; 

13C NMR (150 MHz, CDCl3) δ = 158.2, 129.4, 120.4, 115.9, 73.8, 36.5, 31.8, 25.2, 22.6, 19.8, 14.0 ppm; 

LRMS (ESI) m/z: 193.16 [M+H+]. 
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((2,4-dimethylpentan-3-yl)oxy)benzene (142e) 

 

 

 

IR (ATR) νmax = 2961, 2930, 2874, 1597, 1491, 1470, 1386, 1369, 1286, 1239, 1168, 1099, 1026, 1001, 973, 

749, 690 cm-1; 

1H NMR (600 MHz, CDCl3) δ = 7.23 (2H, dd, J = 9.0, 7.2 Hz), 6.92 (2H, d, J = 9.0 Hz), 6.87 (1H, t, J = 7.2 

Hz), 3.88 (1H, dd, J = 6.0, 5.4 Hz), 2.01 (2H, m), 0.97 (6H, d, J = 6.6 Hz) , 0.93 (6H, d, J = 6.6 Hz) ppm; 

13C NMR (150 MHz, CDCl3) δ = 161.1, 129.3, 119.9, 115.6, 87.3, 30.7, 20.1, 17.8 ppm; 

LRMS (ESI) m/z: 193.15 [M+H+]. 
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((3,3-dimethylbutan-2-yl)oxy)benzene (142f) 

 

 

 

IR (ATR) νmax = 2958, 1600, 1586, 1493, 1376, 1243, 1171, 1108, 1085, 1008, 924, 751, 691 cm-1; 

1H NMR (600 MHz, CDCl3) δ = 7.25 (2H, m), 6.91 (3H, m), 4.01 (1H, q, J = 6.0 Hz), 1.20 (3H, d, J = 6.6 

Hz), 0.99 (9H, s) ppm; 

13C NMR (150 MHz, CDCl3) δ = 158.9, 129.4, 120.2, 115.9, 81.2, 35.1, 25.9, 14.1 ppm; 

LRMS (ESI) m/z: 179.21 [M+H+]. 
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2,2-dimethyl-4-(phenoxymethyl)-1,3-dioxolane (142g) 

 

 

 

IR (ATR) νmax = 2977, 1600, 1489, 1455, 1368, 1247, 1205, 1153, 1073, 1048, 998, 896, 836, 758, 693, 512 

cm-1; 

1H NMR (600 MHz, CDCl3) δ = 7.28 (2H, dd, J = 9.0, 7.2 Hz), 6.96 (1H, t, J = 7.2 Hz), 6.91 (2H, d, J = 9.0 

Hz), 4.48 (1H, m), 4.17 (1H, dd, J = 8.4, 6.6 Hz), 4.07 (1H, dd, J = 9.6, 5.4 Hz), 3.94 (1H, dd, J = 9.6, 6.0 

Hz), 3.91 (1H, dd, J = 8.4, 6.0 Hz), 1.47 (3H, s), 1.41 (3H, s) ppm; 

13C NMR (150 MHz, CDCl3) δ = 158.5, 129.5, 121.1, 114.5, 109.7, 74.0, 68.7, 66.9, 26.8, 25.4 ppm; 

LRMS (ESI) m/z: 209.10 [M+H+] 
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(R)-(+)-(1-phenoxyethyl)benzene (142h) 

 

 

 

[α]D
24 = +3.53 (c = 0.24 in CH3Cl); 

IR (ATR) νmax = 3029, 2979, 1598, 1586, 1493, 1449, 1239, 1172, 1083, 1028, 931, 752, 699 cm-1; 

1H NMR (600 MHz, CDCl3) δ = 7.37 (2H, d, J = 7.2 Hz), 7.32 (2H, t, J = 7.2 Hz), 7.25 (1H, t, J = 6.6 Hz), 

7.18 (2H, t, J = 7.8 Hz), 6.88-6.85 (3H, m), 5.30 (1H, q, J = 6.6 Hz), 1.63 (3H, d, J = 6.0 Hz) ppm; 

13C NMR (150 MHz, CDCl3) δ = 158.0, 143.3, 129.3, 128.6, 127.4, 125.5, 120.6, 115.9, 75.9, 24.5 ppm; 

LRMS (ESI) m/z: 199.12 [M+H+] 
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Methyl-(1R,2S,4aS,4bS,6R,8S,8aR,9S,9aS)-2,4,4b,6,8-pentamethyl-9-((trimethylsilyl)oxy)-2-vinyl-2,4a,

4b,5,6,7,8,8a,9,9a-decahydro-1H-fluorene-1-carboxylate (146) 

 

 

 

(43 mg, 0.124 mmol) (2.5 ml) 0 °C

(42 mg,  0.62 mmol) (0.04 ml, 0.31 mmol)

0 °C 3

( =30 1) 52 

mg (  quant.) 

 

[ ]D
23 = +103.88 (c = 0.8, CHCl3). 

IR (ATR) max = 2949, 2925, 2910, 2838, 1744, 1455, 1434, 1406, 1391, 1375, 1357, 1721, 1256, 1246, 1170, 

1149, 1128, 1109, 1078, 1041, 1029, 920, 881. 842, 819, 752, 695 cm−1; 

1H NMR ( 600MHz, CDCl3)  = 5.84 (1H, dd, J = 16.8, 10.8 Hz), 5.03 (1H, dd, J = 10.8, 1.8 Hz), 4.94 (1H, 

dd, J = 16.8, 1.2 Hz), 4.76 (1H, dd, J = 3, 1.2 Hz), 3.91 (1H, dd, 5.4, 3 Hz), 3.66 (6H, s), 2.50 (1H, d, J = 12 

Hz), 2.32 (1H, td, J = 11.4, 3 Hz), 1.86–1.84 (1H, m), 1.78 (3H, s), 1.74–1.61 (4H, m), 1.20 (3H, s), 0.98 (3H, 

s), 0.85 (6H, dd, J = 8.4, 6.6 Hz), 0.72 (1H, t, J = 12), 0.65 (1H, dd, J = 10.8, 6.0), 0.51 (1H, m), 0.07 (9H, 

s); 

13C NMR (150 MHz, CDCl3)  = 172.9, 143.1, 136.5, 130.4, 113.5, 62.6, 59.6, 57.1, 51.3, 51.0, 49.6, 45.3, 

45.0, 42.5, 27.7, 26.6, 26.5, 22.9, 21.3, 20.1, 15.9, 0.6; 
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3-Oxo-3-((1R,2S,4aS,4bS,6R,8S,8aR,9S,9aS)-2,4,4b,6,8-pentamethyl-9-((trimethylsilyl)oxy)-2-vinyl-2,4a

,4b,5,6,7,8,8a,9,9a-decahydro-1H-fluoren-1-yl)propanenitrile (90) 

 

 

 

(0.107 ml, 0.762 mmol) THF(2 ml) 0 °C

1.49[M] n- - (0.47 ml, 0.7 mmol) 30

-78 °C (0.033 ml, 0.635 mmol) 30

(53 mg,  0.127 mmol) THF (1.2 ml) 30 0 °C

3

( 20 1)

50 mg (  93%) 

 

IR (ATR) max = 2949, 2911, 2838, 1728, 1455, 1375, 1247, 1112, 1080, 1002, 908, 876, 838, 734, 689 cm−1; 

1H NMR (400 MHz, CDCl3)  = 5.77 (1H, dd, J = 17.3, 10.4 Hz), 5.08 (1H, dd, J = 11.6, 1.2 Hz), 4.97 (1H, 

dd, J = 17.3, 1.2 Hz), 4.71 (1H, dd, J = 1.4, 1.4 Hz), 3.81 (1H, dd, 5.8, 3.4 Hz), 3.50 (2H, d, 3.6 Hz), 2.86 

(1H, d, J = 11.9 Hz), 2.37 (1H, td, J = 11.4, 3.4 Hz), 1.86–1.83 (1H, m), 1.77 (3H, s), 1.75–1.62 (4H, m), 

1.25 (3H, s), 0.95 (3H, s), 0.85 (3H, d, J = 6.3 Hz), 0.83 (3H, d, J = 6.1 Hz), 0.73–0.62 (2H, m), 0.55–0.45 

(1H, m), 0.07 (9H, s); 

13C NMR (100 MHz, CDCl3)  = 198.0, 142.0, 130.1, 114.5, 113.6, 72.9, 62.9, 62.6, 59.1, 52.2, 49.3, 45.1, 

42.1, 35.3, 27.6, 27.0, 26.4, 22.7, 21.2, 20.2, 15.7, 0.5; 
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ESI-MS (positive): 450 [M+Na]+. 
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(R)-1-(4-fluorophenyl)-3-((4-methoxybenzyl)oxy)propan-2-ol (173) 

 

 

 

1- -4- (0.71ml, 6.18mmol) THF(25 ml) -78 °C

1.62[M] t- - (5.62 ml, 9.27 mmol) 1

(590 mg, 3.09 mmol) (414 mg, 3.09 mmol) THF(10 ml)

-78 °C 20 -20 °C -20 °C (400 mg, 2.06 mmol)

THF( 6 ml) 0 °C 5

( 10 1)

505 mg  86%  

 

[ ]D
22 = −8.69 (c = 1.00, CHCl3); 

IR (ATR) max = 3445, 2862, 1611, 1508, 1246, 1219, 1174, 1097, 1033, 815 cm−1; 

1H NMR (600 MHz, CDCl3)  = 7.25 (2H, d, J = 9.0 Hz), 7.19 (2H, dd, J = 6.0, 2.4 Hz), 6.97 (2H, t, J = 9.0 

Hz), 6.89 (2H, d, J = 9.0 Hz), 4.47 (2H, d, J = 4.2 Hz) 3.99 (1H, m), 3.81 (3H, s), 3.45 (1H, dd, J = 9.6, 3.6 

Hz), 3.34 (1H, dd, J = 9.6, 7.2 Hz), 2.76 (2H, d, J = 7.2 Hz), 2.31 (1H, s) ppm; 

13C NMR (150 MHz, CDCl3)  = 162.3, 160.7, 159.3, 133.7, 133.7, 130.7, 130.6, 129.9, 129.4, 115.1, 115.0 

113.8, 73.0, 72.9, 71.2, 55.2, 38.9 ppm; 

19F NMR (375 MHz, (CD3)2CO) = −65.8 ppm; 
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HRMS (FAB) calcd for C17H19FO3Na [M+Na]+ 313.1216, found 313.1213. 
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(R)-2-((tert-butyldimethylsilyl)oxy)-3-(4-fluorophenyl)propan-1-ol (174) 

 

 

 

(245 mg, 0.86 mmol) (17 ml) 0 °C

2,6- (0.2 ml, 1.72 mmol) TBSOTf(0.3 ml, 1.29 mmol) 0 °C 15

( 20 1) 350 mg

(  quant) 

 

[ ]D
22 = +18.43 (c = 0.32, CHCl3); 

IR (ATR) vmax = 2856, 1612, 1509, 1463, 1361, 1302, 1247, 1221, 1172, 1157, 1096, 1037, 1005, 832, 776, 

504, 397 cm−1; 

1H NMR (600 MHz, CDCl3) = 7.26 (2H, d, J = 9.0 Hz), 7.12 (2H, dd, J = 8.4, 5.4 Hz), 6.93 (2H, t, J = 8.4 

Hz), 6.88 (2H, d, J = 8.4 Hz), 4.45 (2H, s), 3.93 (1H, m), 3.81 (3H, s), 3.38 (1H, dd, J = 9.6, 4.8, Hz), 3.30 

(1H, d, J = 9.6 Hz), 2.90 (1H, dd, J = 13.8, 4.2 Hz), 2.63 (1H, dd, J = 13.8, 7.8 Hz), 0.81 (9H, s), −0.09 (3H, 

s), −0.25 (3H, s) ppm; 

13C NMR (150 MHz, CDCl3)  = 162.4, 160.7, 159.2, 134.5, 131.3, 131.2, 130.4, 129.3, 114.8, 114.6, 113.8, 

73.6, 73.0, 72.6, 55.3, 40.4, 25.8, 18.1, −4.8, −5.2 ppm; 

19F NMR (375 MHz, (CD3)2CO) = −65.6 ppm; 

HRMS (FAB) calcd for C23H33FO3SiNa [M+Na]+ 427.2081, found 427.2083. 
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(R)-2-((tert-butyldimethylsilyl)oxy)-3-(4-fluorophenyl)propanal (170) 

 

 

 

(350 mg) (7.9 ml) (0.41 ml)

2,3- -5,6- -p- (296 mg)

 

 

(6 ml) (0.09 ml, 1.0 mmol) -78 °C

DMSO(0.092 ml, 1.31 mmol) 20

(2.7ml) 30 (0.42 ml, 3.05 mmol)

-78 °C 30 0 °C 30

( 20 1)

172 mg (  70%) 

 

[ ]D
23 = +131.8 (c = 0.4, CHCl3). 

IR (ATR) max = 2953, 2860, 2800, 1737, 1602, 1511, 1472, 1254, 1223, 1158, 1111, 1042, 1006, 946, 835, 

778, 715, 447, 404 cm−1; 

1H NMR (600 MHz, CDCl3)  = 9.63 (1H, d, J = 1.8 Hz), 7.16 (2H, dd, J = 5.4, 2.4 Hz), 6.97 ( 2H, t, J = 8.4 

Hz), 4.09 (1H, m), 2.96 (1H, dd, J = 13.8, 4.2 Hz), 2.76 (1H, dd, J = 13.8, 4.2), 0.84 (9H, s), -0.09 (3H, s), 

-0.23 (3H, s); 
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13C NMR (150 MHz, CDCl3,)  = 203.49, 162.67, 161.05, 132.46, 132.44, 131.30, 131.26, 115.16, 115.01, 

78.80, 38.24, 25.62, 18.07, -5.09, -5.42; 
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(4S)-4-((tert-butyldimethylsilyl)oxy)-5-(4-fluorophenyl)-2-((1R,2S,4aS,4bS,6R,8S,8aR,9S,9aS)-2,4,4b,6,8

-pentamethyl-9-((trimethylsilyl)oxy)-2-vinyl-2,4a,4b,5,6,7,8,8a,9,9a-decahydro-1H-fluorene-1-carbonyl

)pentanenitrile (168) 

 

 

(87 mg, 0.20 mmol) (20 ml) -

(172 mg, 0.61 mmol) 0 °C

 

 

THF(20 ml) -78 °C L-selectride®(0.26 

ml, 0.265 mmol, 1.02[M] in THF) 0 °C 30

(

30 1) 131 mg (  2 steps 91%) 

 

[ ]D
20 = +19.9 (c = 0.4, CHCl3). 

IR (ATR) max = 2950, 2928, 2958, 1731, 1601, 1510, 1471, 1461, 1406, 1390, 1974, 1331, 1290, 1256, 1248, 

1224, 1198, 1158, 1103, 1082, 1030, 1003, 962, 952, 938, 920, 879, 836, 776, 756, 700 cm−1; 

1H NMR (600 MHz, CDCl3)  = 7.17 (0.6H, m), 7.11 (1.4H, m), 6.97 (2H, m), 5.75 (1H, dd, J = 17.4, 10.2 

Hz), 5.02 (0.7H, dd, J = 10.8, 1.8 Hz), 4.97 (0.3H, dd, J = 16.8, 1.2 Hz), 4.92 (0.7H, dd, J = 16.8, 1.2 Hz), 

4.72 (0.3H, s), 4.70 (0.7H, s), 4.05 (1H, m), 3.79 (0.7H, dd, J = 5.4, 3 Hz), 3.68 (0.3H, dd, 6, 3.6 Hz), 3.62 
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(0.7H, dd, J = 11.4, 4.2 Hz), 3.58 (0.3H, dd, J = 10.2, 4.2 Hz), 3.17 (1H, d, J = 11.4 Hz), 2.9-2.8 (2H, m), 

2.68 (1H, dd, J = 13.8, 7.8 Hz), 2.38, (1H, td, J = 10.2, 3 Hz), 1.83-1.55 (10H, m), 1.25-1.22 (4H, m), 0.94 

(3H, s), 0.87-0.7 (16H, m), 0.51 (1H, m), 0.07 (3H, s), 0.01 (9H, s), -0.07 (3H, s); 

13C NMR (100 MHz, CDCl3,)  = 201.3, 200.2, 162.6, 160.9, 142.2, 137.3, 137.1, 131.2, 131.1, 130.9, 130.4, 

130.2, 117.5, 115.4, 115.3, 115.2, 115.0, 113.8, 72.9, 70.2, 62.5, 62.2, 62.0, 59.9, 59.1, 52.5, 52.4, 49.4, 45.9, 

45.4, 45.1, 43.9, 43.7, 42.2, 34.4, 27.7, 27.0, 26.5, 25.8, 22.8, 21.3, 20.0, 17.9, 15.8, 0.5, -4.3, -4.6, -4.7, -5.0; 
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(R,E)-4-((tert-butyldimethylsilyl)oxy)-5-(4-fluorophenyl)-2-((methoxymethoxy)((1R,2S,4aS,4bS,6R,8S,8

aR,9S,9aS)-2,4,4b,6,8-pentamethyl-9-((trimethylsilyl)oxy)-2-vinyl-2,4a,4b,5,6,7,8,8a,9,9a-decahydro-1H

-fluoren-1-yl)methylene)pentanenitrile (167) 

 

 

 

(91 mg, 0.13 mmol) DMF(5.6 ml) (427 mg)

MOMCl(0.05 ml, 0.66 mmol) 30

( 20 1) 72 mg (  75%) 

 

[ ]D
22 = +60.08 (c = 0.4, CHCl3). 

IR (ATR) max = 2950, 2928, 2858, 1731, 1601, 1510, 1461, 1410, 1374, 1248, 1224, 1158, 1098, 1069, 1040, 

1012, 985, 946, 908, 895, 881, 837, 809, 776, 751, 701 cm−1; 

1H NMR (600 MHz, CDCl3)  = 7.13 ( 2H, dd, J = 8.4, 5.4 Hz), 6.77 (2H, t, J = 8.4 Hz), 6.12 (1H, dd, J = 

17.4, 10.8 Hz), 4.96 (1.5H, m), 4.93 (0.5H, d, J = 1.2 Hz), 4.90 (0.5H, d, J = 1.2 Hz), 4.87 (1.5H, m), 4.68 

(1H, s), 4.16 (1H, m), 3.95 (1H, dd, J = 5.4, 3 Hz), 3.39 (3H, s), 3.17 (1H, d, J = 11.4), 2.78 (2H, ddd, J = 

26.4, 13.8, 6 Hz), 2.69 (1H, dd, J = 15, 8.4 Hz), 2.36 (1H, dt, J = 13.8, 3 Hz), 2.27, (1H, dd, J = 15, 4.8 Hz), 

184-1.56 (10H, m), 1.27-1.25 (4H, m), 0.97 (3H, s), 0.89-0.71 (14H, m), 0.53 (1H, m), 0.09 (3H, s), 0.01 (9H, 

s), -0.02 (3H, s); 
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13C NMR (100 MHz, CDCl3,)  = 173.5, 162.5, 160.9, 123.8, 136.0, 133.6, 133.7, 131.3, 131.1, 131.0, 120.3, 

115.1, 114.9, 110.9, 100.8, 97.8, 72.2, 71.4, 62.4, 61.4, 57.5, 52.2, 49.3, 46.1, 45.1, 43.5, 42.9, 35.7, 31.6, 

27.7, 26.6, 25.9, 25.8, 22.8, 22.6, 21.3, 20.4, 17.9, 15.9, , 14.1, 0.7, -4.3, -4.7;  
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(R)-2-((tert-butyldimethylsilyl)oxy)-3-(4-fluorophenyl)propan-1-ol- 6-arene chromium complex (176) 

 

 

 

(110 mg) 1,4- (3.9 ml) (85 mg)

160 °C 3

( 20 1) 96 mg

( 60%) 

 

IR (ATR) vmax = 3420, 2930, 1968, 1877, 1533, 1478, 1255, 1224, 1103, 828, 777, 665, 623, 532, 470 cm−1; 

1H NMR (600 MHz, (CD3)2CO) = 5.87-5.78 (4H, m), 3.89-3.87 (1H, m), 3.82 (1H, dd, J = 6.0, 5.4 Hz), 

3.56-3.52 (1H, m), 3.44-3.41 (1H, m), 2.59 (1H, dd, J = 13.2, 3.6 Hz), 2.33 (1H, dd, J = 13.2 8.4 Hz), 0.87 

(9H, s), 0.04 (3H, s), −0.49 (3H, s) pm; 

13C NMR (150 MHz, (CD3)2CO)  = 147.9, 146.2, 106.8, 98.2, 96.8, 82.5, 82.3, 82.1, 82.0, 75.1, 66.5, 40.2, 

26.6, 18.9, −4.0, −4.2 ppm; 

19F NMR (375 MHz, (CD3)2CO) = −83.4 ppm; 

HRMS (EI) calcd for C18H25FO5SiCr [M+H]+ 420.0860, found 420.0861. 
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(R)-2-((tert-butyldimethylsilyl)oxy)-3-(4-fluorophenyl)propanal- 6-arene chromium complex (177) 

 

 

 

DMSO (40 ml) -78 °C

(0.2 ml, 1.38 mmol) 5 (230 mg, 0.55 mmol) (11 ml)

30 (0.38 ml, 2.75 mmol)

( 10 1 1 1)

170 mg ( 73%) 

 

IR (ATR) vmax = 2931, 1970, 1881, 1736, 1533, 1479, 1375, 1255, 1225, 1112, 939, 838, 779, 665, 623, 532 

cm−1; 

1H NMR (600 MHz, (CD3)2CO) = 9.65 (1H, d, J = 0.6 Hz), 5.96-5.94 (1H, m), 5.84-5.77 (3H, m), 4.37 (1H, 

ddd, J = 8.4, 4.2, 0.6 Hz), 2.77 (1H, dd, J = 13.8, 4.2 Hz), 2.48 (1H, dd, J = 13.8, 8.4 Hz), 0.90 (9H, s), 0.06 

(3H, s), −0.06 (3H, s) ppm; 

13C NMR (150 MHz, (CD3)2CO)  = 202.6, 148.1, 146.3, 104.9, 98.1, 96.8, 82.2, 81.9, 79.4, 37.9, 26.6, 19.1, 

−4.2, −4.4 ppm; 

19F NMR (375 MHz, (CD3)2CO) = −82.9 ppm; 

HRMS (EI) calcd for C18H23FO5SiCr [M+H]+ 418.0704, found 418.0701. 
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(R)-4-((tert-butyldimethylsilyl)oxy)-5-(4-fluorophenyl)-2-((1R,2S,4aS,4bS,6R,8S,8aR,9S,9aS)-2,4,4b,6,8-

pentamethyl-9-((trimethylsilyl)oxy)-2-vinyl-2,4a,4b,5,6,7,8,8a,9,9a-decahydro-1H-fluorene-1-carbonyl)

pent-2-enenitrile- 6-arene chromium complex (178) 

 

 

 

(77 mg, 0.18 mmol) (20 ml) α-

(150 mg, 0.36 mmol)

0°C

( 4 1)

111 mg (  74%) 

 

1H NMR (400 MHz, CDCl3)  = 7.29 (1H, d, J = 5.6 Hz), 5.75 (1H, dd, J = 17.2, 10.8 Hz), 5.42-5.30 (4H, 

m), 5.04 (1H, dd, J = 10.2, 1.2 Hz), 4.91 (1H, dd, J = 17.4, 1.2 Hz), 4.73-4.67 (2H, m), 3.72 (1H, dd, J = 5.4, 

3 Hz), 3.39 (1H, d, J = 11.4 Hz), 2.46-2.42 (3H, m), 184-1.56 (10H, m), 1.27-1.25 (4H, m), 0.97 (3H, s), 

0.89-0.71 (14H, m), 0.53 (1H, m), 0.09 (3H, s), 0.01 (9H, s), -0.02 (3H, s). 
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(4S)-4-((tert-butyldimethylsilyl)oxy)-5-(4-fluorophenyl)-2-((1R,2S,4aS,4bS,6R,8S,8aR,9S,9aS)-2,4,4b,6,8

-pentamethyl-9-((trimethylsilyl)oxy)-2-vinyl-2,4a,4b,5,6,7,8,8a,9,9a-decahydro-1H-fluorene-1-carbonyl

)pentanenitrile- 6 arene chromium complex (179) 

 

 

 

(111 mg, 0.13 mmol) THF(13 ml) L-selectride®(0.18 ml, 0.19 

mmol, 1.02[M] in THF) 0 °C 30

( 20 1)

106 mg (  95%) 

 

1H NMR (600 MHz, CDCl3)  = 5.75 (1H, dd, J = 17.4, 10.2 Hz), 5.45-5.33 (4H, m), 5.02 (0.7H, dd, J = 

10.8, 1.8 Hz), 4.97 (0.3H, dd, J = 16.8, 1.2 Hz), 4.92 (0.7H, dd, J = 16.8, 1.2 Hz), 4.72 (0.3H, s), 4.70 (0.7H, 

s), 4.05 (1H, m), 3.79 (0.7H, dd, J = 5.4, 3 Hz), 3.68 (0.3H, dd, 6, 3.6 Hz), 3.62 (0.7H, dd, J = 11.4, 4.2 Hz), 

3.58 (0.3H, dd, J = 10.2, 4.2 Hz), 3.17 (1H, d, J = 11.4 Hz), 2.9-2.8 (2H, m), 2.68 (1H, dd, J = 13.8, 7.8 Hz), 

2.38, (1H, td, J = 10.2, 3 Hz), 1.83-1.55 (10H, m), 1.25-1.22 (4H, m), 0.94 (3H, s), 0.87-0.7 (16H, m), 0.51 

(1H, m), 0.07 (3H, s), 0.01 (9H, s), -0.07 (3H, s). 
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(R,E)-4-((tert-butyldimethylsilyl)oxy)-5-(4-fluorophenyl)-2-((methoxymethoxy)((1R,2S,4aS,4bS,6R,8S,8

aR,9S,9aS)-2,4,4b,6,8-pentamethyl-9-((trimethylsilyl)oxy)-2-vinyl-2,4a,4b,5,6,7,8,8a,9,9a-decahydro-1H

-fluoren-1-yl)methylene)pentanenitrile- 6 arene chromium complex (166) 

 

 

 

(35 mg, 0.0.42 mmol) DMF(4.2 ml) (137 mg)

MOMCl(0.016 ml, 0.021 mmol) 30

( 20 1) 32 mg (  

78%) 

 

1H NMR (600 MHz, CDCl3)  = 6.08 (1H, dd, J = 17.4, 10.8), 5.43 (1H, m), 5.36-5.33 (3H, m), 4.96 (1H, dd, 

J = 10.8, 1.8 Hz), 4.91 (2H, m), 4.82 (1H, d, J = 6 Hz), 4.68 (1H, s), 4.05 (1H, m), 3.94 (1H, dd, J = 6, 3 Hz), 

3.42 (3H, s), 3.18 (1H, d, J = 11.4 Hz), 2.74 (1H, dd, J = 15, 7.2 Hz), 2.47-2.37 (3H, m), 2.27 (1H, dd, J = 

13.8, 7.2 Hz), 184-1.56 (10H, m), 1.27-1.25 (4H, m), 0.97 (3H, s), 0.89-0.71 (14H, m), 0.53 (1H, m), 0.09 

(3H, s), 0.01 (9H, s), -0.02 (3H, s). 
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(R,E)-4-((tert-butyldimethylsilyl)oxy)-5-(4-fluorophenyl)-2-(((1R,2S,4aS,4bS,6R,8S,8aR,9S,9aS)-9-hydr

oxy-2,4,4b,6,8-pentamethyl-2-vinyl-2,4a,4b,5,6,7,8,8a,9,9a-decahydro-1H-fluoren-1-yl)(methoxymethox

y)methylene)pentanenitrile- 6 arene chromium complex (164) 

 

 

 

(60 mg, 0.067 mmol) (6.7 ml)

PPTS 0 °C

(

20 1) 28 mg (  52%) 

 

IR (ATR) vmax = 3581, 2928, 2208, 1972, 1892, 1702, 1605, 1533, 1478, 1375, 1225, 1151, 1086, 1004, 941, 

828, 777, 665, 625 cm−1; 

1H NMR (600 MHz, (CD3)2CO) = 5.96 (1H, dd, J = 17.4, 10.2 Hz), 5.85-5.82 (3H, m), 5.78 (1H, m), 5.15 

(1H, d, J = 6.6 Hz), 5.12 (1H, d, J = 6.6 Hz), 5.04 (1H, dd, J = 10.2, 1.8 Hz), 4.96 (1H, dd, J = 17.4, 1.8 Hz), 

4.82 (1H, s), 4.16 (1H, m), 3.98 (1H,m), 3.48 (3H, s), 3.14 (1H, d, J = 11.4 Hz), 2.77 (1H, d, J = 3.6 Hz), 

2.70 (1H, dd, J = 14.4, 6.0 Hz), 2.66 (1H, dd, J = 15.0, 6.6 Hz), 2.57 (1H, dd, J = 13.8, 4.2 Hz), 2.44 (1H, dd, 

J = 14.4, 7.2 Hz), 2.36 (1H, ddd, J = 12.0, 11.4, 4.8 Hz), 1.91 (1H, dd, J = 12.0, 3.0 Hz), 1.80 (3H, s), 

1.79-1.72 (4H,m), 1.26 (3H, s), 0.99 (3H, s), 0.99 (3H, d, J = 6.0 Hz), 0.91 (9H, s), 0.89-0.83 (3H, m), 0.88 

(3H, d, J = 6.6 Hz), 0.57 (1H, q, J = 12.0 Hz), 0.14 (3H, s), −0.02 (3H, s) ppm; 



188 
 

13C NMR (150 MHz, (CD3)2CO)  = 233.9, 172.9, 147.9, 146.1, 145.3, 137.1, 132.5, 121.4, 114.0, 106.1, 

100.8, 98.0, 97.9, 96.7, 96.7, 82.6, 82.5, 82.3, 82.2, 73.3, 72.2, 62.8, 60.3, 58.2, 57.8, 52.2, 50.1, 48.0, 46.8, 

44.0, 42.7, 36.3, 32.7, 29.2, 28.2, 27.7, 26.9, 23.7, 23.6, 22.3, 20.7, 19.0, 16.5, 14.7, −3.8 ppm; 

19F NMR (375 MHz, (CD3)2CO) = −83.1 ppm; 

HRMS (FAB) calcd for C43H60FNO7SiCrNa [M+Na]+ 824.3426, found 824.3420. 
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Macrocycle (181) 

 

 
 

(6.2 mg, 0.00623 mmol) THF(2.1 ml) (20 mg, 

0.5 mmol) 18-crown-6(130mg, 0.5 mmol) 80 °C 10

 

 

TLC

PTLC( ) 0.6 mg

( 12%) 

 

[ ]D
22 = +27.12 (c = 0.19, CHCl3); 

IR (ATR) vmax = 2951, 2201, 1601, 1508, 1462, 1238, 1164, 1075, 1009, 914, 838 cm−1; 

1H NMR (600 MHz, CDCl3) = 7.15 (1H, dd, J = 8.4, 1.8 Hz), 7.02 (1H, dd, J = 8.4, 2.4 Hz), 6.91 (1H, dd, 

J = 7.8, 1.8 Hz), 6.70 (1H, dd, J = 7.8, 2.4 Hz), 5.60 (1H, dd, J = 17.4, 10.8 Hz), 5.44 (1H, s), 4.98 (1H, dd, J 

= 17.4, 0.6 Hz), 4.89 (1H, dd, J = 10.8, 0.6 Hz), 4.80 (1H, d, J = 5.4 Hz), 4.74 (1H, d J = 5.4 Hz), 4.45 (1H, 

dd, J = 7.2, 4.8 Hz), 4.12 (1H, m), 3.51 (3H, s), 3.26 (1H, dd, J = 12.0, 6.0 Hz), 2.80 (1H, d, J = 8.4 Hz), 

2.45 (1H, dd, J = 10.8, 10.2 Hz), 2.45-2.41 (1H, m), 2.38 (1H, dd, J = 12.6, 10.2 Hz), 2.04 (1H, dd J = 14.2, 

1.2 Hz), 1.97-1.81 (4H, m), 1.92 (3H, s), 1.18 (3H, s), 1.14 (3H, d, J = 6.0 Hz), 1.14 (3H, s) 1.09 (1H, dd, J = 
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11.4, 7.8 Hz), 0.93 (9H, s), 0.92 (3H, d, J = 6.6 Hz), 0.83 (1H, t-like, J = 12.0 Hz), 0.65 (1H, q-like, J = 12.0 

Hz) ppm; 

13C NMR (150 MHz, CDCl3)  = 168.0, 158.0, 144.7, 137.4, 132.1, 130.1, 130.0, 128.7, 123.4, 120.4, 110.9, 

96.7, 92.6, 89.7, 76.2, 72.7, 61.0, 57.0, 55.7, 53.2, 49.3, 49.0, 45.4, 44.9, 43.3, 41.2, 36.3, 31.6, 28.5, 28.0, 

27.2, 25.9, 22.8, 20.5, 19.6, 18.1, 16.1, −4.6, −4.7 ppm; 

HRMS (ESI) calcd for C40H60NO4Si [M+H]+ 646.4292, found 646.4285. 
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3-((1R,2S,4aS,4bS,6R,8S,8aR,9S,9aS)-9-hydroxy-2,4,4b,6,8-pentamethyl-2-vinyl-2,4a,4b,5,6,7,8,8a,9,9a-

decahydro-1H-fluoren-1-yl)-3-oxopropanenitrile (182) 

 

 

 

(0.107 ml, 0.762 mmol) THF(2 ml) 0 °C

1.49[M] n- - (0.47 ml, 0.7 mmol) 30

-78 °C (0.033 ml, 0.635 mmol) 30

(53 mg,  0.127 mmol) THF (1.2 ml) 30 0 °C

3

( 20 1)

50 mg (  92%) 

 

[ ]D22 = +162.8 (c = 0.40, CHCl3); 

IR (ATR) vmax = 3568, 2947, 2921, 2869, 1711, 1626, 1454, 1377, 1325, 1239, 1160, 1120, 1069, 

927, 853, 766, 695 cm−1; 

1H NMR (600 MHz, CDCl3) = 5.70 (1H, dd, J = 17.4, 10.2 Hz), 5.17 (1H, dd, J = 10.2, 1.2 Hz), 

5.09 (1H, dd, J = 17.4, 1.2 Hz), 4.77 (1H, s), 3.85 (1H, d, J = 19.8 Hz), 3.78 (1H, ddd, J = 7.2, 4.8, 

2.4 Hz), 3.57 (1H, d, J = 19.8 Hz), 2.80 (1H, d, J = 12.6 Hz), 2.32 (1H, ddd, J = 12.0, 11.4, 3.2 Hz), 

2.13 (1H, d, J = 2.4 Hz), 1.89 (1H, dd, J = 12.6, 3.6 Hz), 1.79 (3H, s), 1.78-1.73 (3H, m), 1.67 (1H, 

dd, J = 11.4, 0.6 Hz), 1.30 (3H, s), 1.00 (3H, s), 0.95 (3H, d, J = 6.0 Hz), 0.89 (3H, d, J = 6.6 Hz), 

0.83 (1H, dd, J = 11.4, 6.6 Hz), 0.76 (1H, t-like, J = 12.0 Hz), 0.55 (1H, q-like, J = 13.2) ppm; 
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13C NMR (150 MHz, CDCl3)  = 201.3, 141.5, 136.4, 130.4, 115.8, 114.0, 72.4, 63.5, 61.3, 60.0, 

49.7, 48.8, 45.3, 44.7, 42.3 33.7, 31.5, 27.8, 26.8, 26.6, 22.7, 22.6, 21.4, 19.8, 15.4, 14.1 ppm; 

HRMS (FAB) calcd for C23H33NO2Na [M+Na]+ 378.2409, found 378.2408. 
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(4S)-4-((tert-butyldimethylsilyl)oxy)-5-(4-fluorophenyl)-2-((1R,2S,4aS,4bS,6R,8S,8aR,9S,9aS)-9-hydrox

y-2,4,4b,6,8-pentamethyl-2-vinyl-2,4a,4b,5,6,7,8,8a,9,9a-decahydro-1H-fluorene-1-carbonyl)pentanenit

rile (164) 

 

 

 

(10 mg, 0.028 mmol) (0.56 ml) α-

(25 mg, 0.056 mmol)

0°C 3

 

 

THF(2.8 ml) -78 °C

L-selectride®(0.056 ml,  0.056 mmol, 1.0M in THF) 30
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DMF(1.7 ml) (55 mg)

MOMCl(0.0065 ml, 0.085 mmol) 30

( 20 1) 11.6 mg ( 3 

steps 55%) 

 

IR (ATR) vmax = 3581, 2928, 2208, 1972, 1892, 1702, 1605, 1533, 1478, 1375, 1225, 1151, 1086, 1004, 941, 

828, 777, 665, 625 cm−1; 

1H NMR (600 MHz, (CD3)2CO) = 5.96 (1H, dd, J = 17.4, 10.2 Hz), 5.85-5.82 (3H, m), 5.78 (1H, m), 5.15 

(1H, d, J = 6.6 Hz), 5.12 (1H, d, J = 6.6 Hz), 5.04 (1H, dd, J = 10.2, 1.8 Hz), 4.96 (1H, dd, J = 17.4, 1.8 Hz), 

4.82 (1H, s), 4.16 (1H, m), 3.98 (1H,m), 3.48 (3H, s), 3.14 (1H, d, J = 11.4 Hz), 2.77 (1H, d, J = 3.6 Hz), 

2.70 (1H, dd, J = 14.4, 6.0 Hz), 2.66 (1H, dd, J = 15.0, 6.6 Hz), 2.57 (1H, dd, J = 13.8, 4.2 Hz), 2.44 (1H, dd, 

J = 14.4, 7.2 Hz), 2.36 (1H, ddd, J = 12.0, 11.4, 4.8 Hz), 1.91 (1H, dd, J = 12.0, 3.0 Hz), 1.80 (3H, s), 

1.79-1.72 (4H,m), 1.26 (3H, s), 0.99 (3H, s), 0.99 (3H, d, J = 6.0 Hz), 0.91 (9H, s), 0.89-0.83 (3H, m), 0.88 

(3H, d, J = 6.6 Hz), 0.57 (1H, q, J = 12.0 Hz), 0.14 (3H, s), −0.02 (3H, s) ppm; 

13C NMR (150 MHz, (CD3)2CO)  = 233.9, 172.9, 147.9, 146.1, 145.3, 137.1, 132.5, 121.4, 114.0, 106.1, 

100.8, 98.0, 97.9, 96.7, 96.7, 82.6, 82.5, 82.3, 82.2, 73.3, 72.2, 62.8, 60.3, 58.2, 57.8, 52.2, 50.1, 48.0, 46.8, 

44.0, 42.7, 36.3, 32.7, 29.2, 28.2, 27.7, 26.9, 23.7, 23.6, 22.3, 20.7, 19.0, 16.5, 14.7, −3.8 ppm; 

19F NMR (375 MHz, (CD3)2CO) = −83.1 ppm; 

HRMS (FAB) calcd for C43H60FNO7SiCrNa [M+Na]+ 824.3426, found 824.3420. 
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Macrocycle (181) 

 

 
 

 (70.0 mg 1.76 mmol) THF (1.0 ml)  (17.6 mg, 

0.022 mmol) THF (2.6 mL) 1

 

 

TLC

( 20 1)

12.2 mg ( 86% 2 steps) 

 

 

 

 

 

 

 

 

 

 



196 
 

(11S,13R,14aS,14bS,17S,18R,18aS,19S,19aR,5R,E)-5-hydroxy-8-(methoxymethoxy)-11,13,14a,15,17-pe

ntamethyl-17-vinyl-12,13,14,14a,14b,17,18,18a,19,19a-decahydro-11H-2-oxa-1(9,8)-fluorena-3(1,4)-ben

zenacyclooctaphan-7-ene-7-carbonitrile (185) 

 

 

 

(4.4 mg, 0.0068 mmol) THF (0.6 ml)

(0.068 mL, 0.068 mmol, 1.0 M in THF)

(

3 1) 3.6 mg (  95%) 

 

[ ]D
22 = +20.31 (c = 0.12, CHCl3); 

IR (ATR) vmax = 3440, 2923, 2203, 1598, 1507, 1455, 1237, 1164, 1046 cm−1; 

1H NMR (600 MHz, CDCl3) = 7.18 (1H, dd, J = 8.4, 1.8 Hz), 7.04 (1H, dd, J = 8.4, 2.4 Hz), 6.92 (1H, dd, 

J = 7.8, 1.8 Hz), 6.71 (1H, dd, J = 7.8, 2.4 Hz), 5.59 (1H, dd, J = 17.4, 10.8 Hz), 5.43 (1H, s), 4.97 (1H, dd, J 

= 17.4, 1.2 Hz), 4.87 (1H, dd, J = 10.8, 1.2 Hz), 4.79 (1H, d, J = 6.0 Hz), 4.73 (1H, d, J = 6.0 Hz), 4.46 (1H, 

dd, J = 7.8, 4.8 Hz), 4.19 (1H, m), 3.53, (3H, s), 3.40 (1H, dd, J = 12.0, 6.0 Hz), 2.80 (1H, d, J = 8.4 Hz), 

2.50 (1H, dd, J = 15.0, 10.2 Hz), 2.43 (1H, ddd, J = 12.0, 8.4, 4.8 Hz), 2.36 (1H, dd, J = 12.0, 10.2 Hz), 2.04 

(1H, d, J = 13.2 Hz), 2.00, (1H, d, J = 14.4 Hz), 1.97-1.94 (2H, m), 1.92 (3H, t-like, J = 1.2 Hz), 1.85-1.82 

(2H, m), 1.18 (3H, s), 1.14 (3H, d, J = 6.6 Hz), 1.14 (3H, s), 1.09 (1H, dd, J = 11.4, 7.8 Hz), 0.92 (3H, d, J = 

6.0 Hz), 0.83 (1H, t-like, J = 12.0 Hz), 0.64 (1H, q-like, J = 12.0 Hz) ppm; 

13C NMR (150 MHz, CDCl3)  = 168.6, 158.1, 144.7, 137.5, 131.7, 130.1, 128.6, 123.4, 120.5, 120.4, 111.0, 
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96.7, 92.4, 89.7, 76.2, 72.1, 61.0, 56.9, 55.8, 53.1, 49.3, 48.9, 45.4, 44.2, 43.3, 41.2, 35.6, 28.5, 28.0, 27.2, 

22.8, 20.5, 19.6, 16.1 ppm; 

HRMS (ESI) calcd for C34H46NO4 [M+H]+ 532.3427, found 532.3424. 
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Ketonitrile (186) 

 

 

 

(3.6 mg, 0.0068 mmol) CH2Cl2 (0.6 ml)  (17 

mg, 0.204 mmol) DMP (14.4 mg, 0.034 mmol)

( 3 1) 3.5 mg (  quant.) 

 

[ ]D
22 = +69.44 (c = 0.18, CHCl3); 

IR (ATR) vmax = 2923, 2206, 1713, 1592, 1507, 1456, 1237, 1164, 1084, 1009, 962, 915, 755 cm−1; 

1H NMR (600 MHz, CDCl3) = 7.21 (1H, dd, J = 8.4, 2.4 Hz), 7.13 (1H, dd, J = 8.4, 2.4 Hz), 7.11 (1H, dd, 

J = 8.4, 2.4 Hz), 6.83 (1H, dd, J = 8.4, 2.4 Hz), 5.56 (1H, dd, J = 16.8, 10.8 Hz), 5.45 (1H, s), 4.95 (1H, dd, J 

= 16.8, 1.2 Hz), 4.87 (1H, dd, J = 10.8, 1.2 Hz), 4.76 (1H, d, J = 6.0 Hz), 4.56 (1H, dd, J = 10.8, 4.8 Hz), 

3.74 (1H, d, J = 15.0 Hz), 3.62 (1H, d, J = 12.6 Hz), 3.58 (3H, s), 3.49 (1H, d, J = 15.0 Hz), 2,89 (1H, d, J = 

9.0 Hz), 2.54 (1H, d, J = 12.6 Hz), 2.47 (1H, ddd, J = 13.2, 9.0, 4.8 Hz), 2.04 (1H, d, J = 13.2 Hz), 1.97-1.91 

(2H, m), 1.93 (3H, t-like, J = 1.2 Hz), 1.86-1.82 (2H, m), 1.19 (3H, s), 1.14 (3H, s), 1.13 (3H, d, J = 6.0 Hz), 

1.11 (1H, d, J = 13.2 Hz), 0.93 (3H, d, J = 6.0 Hz), 0.84 (1H, t-like, J = 12.0 Hz), 0.65 (1H, q-like, J = 12.0 

Hz) ppm; 

13C NMR (150 MHz, CDCl3)  = 203.8, 169.9, 159.2, 144.4, 137.9, 131.6, 130.8, 128.2, 127.1, 123.8, 120.9, 

118.7, 111.2, 96.6, 89.3, 89.1, 76.2, 60.9, 57.2, 55.0, 53.0, 51.6, 49.0, 48.8, 45.4, 43.3, 41.3, 40.6, 28.7, 28.0, 

27.2, 22.6, 20.6, 19.6, 16.0 ppm; 
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HRMS (ESI) calcd for C34H44NO4 [M+H]+ 530.3270, found 530.3268. 
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(15R,31S,33R,34aS,34bS,37S,38R,38aS,39S,39aR,E)-15-hydroxy-2-(methoxymethoxy)-31,33,34a,35,37-

pentamethyl-37-vinyl-32,33,34,34a,34b,37,38,38a,39,39a-decahydro-31H-4-oxa-1(3,5)-pyrrolidina-3(8,9

)-fluorena-5(1,4)-benzenacyclohexaphan-12-one (187) 

 

 

 

(7.0 mg, 0.0013 mmol) t-  (13.0 ml) 1

55 1

( 1 1)

7.0mg (  99%) 

 

[ ]D
22 = +105.83 (c = 0.09, CHCl3); 

IR (ATR) vmax = 3302, 2923, 1674, 1623, 1506, 1454, 1367, 1297, 1239, 1223, 1155, 1119, 1100, 1060, 1009, 

959, 869, 755, 647 cm−1; 

1H NMR (600 MHz, CDCl3) = 7.05 (1H, d, J = 13.2 Hz), 7.01 (2H, t-like, J = 1.2 Hz), 6.76 (1H, dt, J = 

13.2, 1.2 Hz), 5.72 (1H, s), 5.55 (1H, dd, J = 17.4, 10.8 Hz), 5.51 (1H, s), 4.80 (1H, dd, J = 17.4, 1.2 Hz), 

4.68 (1H, dd, J = 10.8, 1.2 Hz), 4.64 (1H, d, J = 6.0 Hz), 4.57 (1H, dd, J = 7.8, 4.8 Hz), 4.52 (1H, d, J = 6.0 

Hz), 3.75 (1H, d, J = 9.0 Hz), 3.50 (3H, s), 3.08 (1H, dd, J = 18.0, 1.2 Hz), 2.88 (2H, dd, J = 17.4, 12.6 Hz), 

2.67 (1H, m), 2.54, ddd, J = 16.2, 7.8, 4.8 Hz), 2.34 (1H, d, J = 15.0 Hz), 2.06 (1H, d, J = 13.2 Hz), 1.95 (1H, 

dd, J = 12.0, 3.0 Hz) 1.91 (3H, t-like, J = 1.2 Hz), 1.90-1.79 (3H, m), 1.16 (3H, s), 1.10 (3H, d, J = 6.6 Hz), 

(1.10 (3H, s), 1.10-1.08 (1H, m), 0.92 (3H, d, J = 6.6 Hz), 0.83 (1H, t-like, J = 12.0 Hz), 0.63 (1H, q-like, J = 

12.0 Hz) ppm; 
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13C NMR (150 MHz, CDCl3)  = 163.1, 159.0, 146.4, 136.4, 131.9, 130.8, 128.8, 128.1, 121.7, 119.2, 108.4, 

106.9, 94.8, 89.1, 87.4, 76.2, 61.0, 56.5, 53.2, 48.9, 48.9, 48.6, 46.3, 45.5, 42.9, 42.1, 41.1, 28.0, 27.8, 27.2, 

22.8, 22.6, 20.7, 19.6, 16.0, 14.1 ppm; 

HRMS (ESI) calcd for C34H46NO5 [M+Na]+ 548.3376, found 548.3380. 
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GKK1032A2 (2) 

 

 

 

(4.5 mg, 0.008 mmol) THF (0.8 mL) 6 (0.4 mL)

45 30 1

PTLC( 1 1) 4.0mg

(  98%) 

 

[ ]D
22 = +108.38 (c = 0.036, MeOH); 

IR (ATR) vmax = 3264, 2924, 1689, 1608, 1506, 1455, 1375, 1227, 1092, 1010, 756 cm−1; 

1H NMR (600 MHz, CDCl3) = 7.14 (1H, dd, J = 8.4, 2.4 Hz), 6.95 (1H, dd, J = 8.4, 2.4 Hz), 6.89 (1H, dd, 

J = 8.4, 2.4 Hz), 6.81 (1H, dd, J = 8.4, 2.4 Hz), 5.64 (1H, s), 5.42 (1H, dd, J = 17.4, 10.8 Hz), 4.91 (1H, s), 

4.89 (1H, dd, J = 17.4, 1.2 Hz), 4.82 (1H, dd, J = 10.8, 1.2 Hz), 4.25 (1H, dd, J = 7.8, 4.8 Hz), 3.52 (1H, d, J 

= 10.2 Hz), 3.12 (1H, dd, J = 12.0, 5.4 Hz), 2.92 (1H, d, J = 9.0 Hz), 3.50 (3H, s), 3.08 (1H, dd, J = 18.0, 1.2 

Hz), 2.88 (2H, dd, J = 17.4, 12.6 Hz), 2.67 (1H, m), 2.54, ddd, J = 16.2, 7.8, 4.8 Hz), 2.34 (1H, d, J = 15.0 

Hz), 2.06 (1H, d, J = 13.2 Hz), 1.95 (1H, dd, J = 12.0, 3.0 Hz) 1.91 (3H, t-like, J = 1.2 Hz), 1.90-1.79 (3H, 

m), 1.16 (3H, s), 1.10 (3H, d, J = 6.6 Hz), (1.10 (3H, s), 1.10-1.08 (1H, m), 0.92 (3H, d, J = 6.6 Hz), 0.83 

(1H, t-like, J = 12.0 Hz), 0.63 (1H, q-like, J = 12.0 Hz) ppm; 

13C NMR (150 MHz, CDCl3)  = 163.1, 159.0, 146.4, 136.4, 131.9, 130.8, 128.8, 128.1, 121.7, 119.2, 108.4, 

106.9, 94.8, 89.1, 87.4, 76.2, 61.0, 56.5, 53.2, 48.9, 48.9, 48.6, 46.3, 45.5, 42.9, 42.1, 41.1, 28.0, 27.8, 27.2, 
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22.8, 22.6, 20.7, 19.6, 16.0, 14.1 ppm; 

HRMS (ESI) calcd for C32H42NO4 [M+H]+ 504.3114, found 504.3115. 
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