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 Fragmentation strategy
 Introduction of C7 before fragmentation
 Construction of C ring via aldol condensation?

Holton, R. A. J. Am. Chem. Soc. 1984, 106, 5731.
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 Introduction of C9 carbonyl group at late stage
 Introduction of C7 after fragmentation?
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 Chiral pool
 Fragmentation strategy
 Conformation control
 C1 C9 oxidation via enolate

 C1 C2 protection
 Construction of D ring
 Oxidative dance for C9 C10



19

Wender’s work

 Fragmentation strategy
 Compatibility of the C ring subunit with the photochemical conditions
 Introduction of a C9 C10 linker

Wender, P. A.; Mucciaro, T. P. J. Am. Chem. Soc. 1992, 114, 5878.
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 Fragmentation strategy
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 ……



21

Nicolaou’s work

Me

MeO

CO2Et

Me

1. MeMgBr
then PTSA

2. DIBAL-H
3. Ac2O
4. Diels-Alder

Me
Me
Me

OAc

Cl
CN

1. KOH
2. TBSCl

Me
Me
Me

OTBS

NNHSO2Ar
3. ArSO2NHNH2

1
umpolung
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 Convergent
 Conformation control
 C1-C2 bond formation 

(umpolung)
 C1 oxidation via epoxidation
 C9-C10 bond formation via 

McMurry cyclization
 C13 oxidation via PCC
 ……



23

Danishefsky’s work

Danishefsky, S. J.; Masters, J. J.; Young, W. B.; Link,J. T.; Snyder, L. B.; Magee, T. V.; Jung, D. K.; Isaacs, R. C. A.; Bornmann, 
W. G.; Alaimo, C. A.; Coburn, C. A.; Di Grandi, M. J. J. Am. Chem. Soc. 1996, 118, 2843.



24

Danishefsky’s work

1. tBuLi
2. TBAF

OBnO
HO

Me
OTBSMe

OMe

Me

O H

Me

O

O OMe 1. L-Selectride
2. PhNTf2
3. PPTS

OBnO
HO

Me
OTBSMeMe

O H

Me

O
1. TBAF
2. TESOTf
3. mCPBA
4. H2, Pd/C

OAcO
HBzO

Me
OTESMeMe

HO H

Me

O O
OsO2pyr.O

1. Pb(OAc)4
2. SmI2

OAcO
HBzO

Me
OTESMeMe

HO H

Me

OAc
O

1. PCC
2. NaBH4

3. mCPBA
4. H2, Pd/C
5. CDI

4. Ph2P=CH2
5. [Pd], 49%

5. Ac2O
6. PhLi
7. OsO4, pyr.

3. KOtBu, (PhSeO)2O
then KOtBu

4. Ac2O

3. HF•pyr.
4-5. C13

20

1012

4Me
Me

Me

I

OTMS
CN

MeO
OTBS

Me

H O
OBn

HOMe

O

+

( )-taxol
OAcO

HBzO

O

Me O
OHMe

OH

Me

HO H

MePh
OH

BzHN O

 Convergent
 Chiral pool
 SM selection
 Construction of D ring at early stage
 C10-C11 bond formation via palladium chemistry
 ……
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 C1-C2 bond formation via NHK?
 Introduction of C12 methyl group 

before construction of B ring
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 Convergent
 Conformation control
 Construction of C8 quaternary carbon centre via [2,3]
 C10-C11 bond formation via NHK
 ……
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 For taxusin, √
 For taxol, in situ chelation of C2 C4 oxygen atoms

Horiguchi, Y.; Furukawa, T.; Kuwajima, I. J. Am. Chem. Soc. 1989, 111, 8277.
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 Control of atropisomerism
 C2-C3, C9-C10 bonds formation
 C7 C9 oxidation
 Introduction of C19 methyl group
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1

Mukaiyama, T.; Shiina, I.; Iwadare, H.; Saitoh, M.; Nishimura, T.; Ohkawa, N.; Sakoh, H.; Nishimura, K.; Tani, Y.; Hasegawa, M.; 
Yamada, K.; Saitoh, K. Chem. Eur. J. 1999, 5, 121.
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Mukaiyama’s work

 B→BC→ABC→ABCD
 Aldol condensation
 C11-C12 bond formation 

via McMurry cyclization
 C11 C12 deoxygenation
 C13
 ……

Mukaiyama, T.; Shiina, I.; Iwadare, H.; Saitoh, M.; Nishimura, T.; Ohkawa, N.; Sakoh, H.; Nishimura, K.; Tani, Y.; Hasegawa, M.; 
Yamada, K.; Saitoh, K. Chem. Eur. J. 1999, 5, 121.
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1. [Ti]
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1. tBuLi, BrCH2CH2Br
2. tBuLi, CeCl3

then C ring
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7. Me2SiHCl
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5. TMSCN, HCl
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49%
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Danishefsky
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4. Ac2O
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HBzO

HO

Me O
OHMe

OAc

Me

HO H

Me

automated synthesizer

C ring

Doi, T.; Fuse, S.; Miyamoto, S.; Nakai, K.; Sasuga, D.; Takahashi, T. Chem. Asian J. 2006, 1, 370.

 Conformation control
 C9-C10 bond formation 

via umpolung SN2
 Automated synthesizer
 ……
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35Kawada, H.; Iwamoto, M.; Utsugi, M.; Miyano, M.; Nakada, M. Org. Lett. 2004, 6, 4491.
Hirai, S.; Utsugi, M.; Iwamoto, M.; Nakada, M. Chem. Eur. J. 2015, 21, 355.
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OEE
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Hirai, S.; Utsugi, M.; Iwamoto, M.; Nakada, M. Chem. Eur. J. 2015, 21, 355.

 C2-C3 bond formation
 1,5-hydride shift–benzylidene formation
 C10-C11 bond formation via palladium chemistry
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37Fukaya, K.; Tanaka,  Y.; Sato, A. C.; Kodama, K.; Yamazaki, H.; Ishimoto, T.; Nozaki, Y.; Iwaki, Y. M.; Yuki, Y.; Umei, K.; Sugai, 
T.; Yamaguchi, Y.; Watanabe, A.; Oishi, T.; Sato, T.; Chida, N. Org. Lett. 2015, 17, 2570.
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Fukaya, K.; Tanaka,  Y.; Sato, A. C.; Kodama, K.; Yamazaki, H.; Ishimoto, T.; Nozaki, Y.; Iwaki, Y. M.; Yuki, Y.; Umei, K.; Sugai, 
T.; Yamaguchi, Y.; Watanabe, A.; Oishi, T.; Sato, T.; Chida, N. Org. Lett. 2015, 17, 2570. Org. Lett. 2015, 17, 2574. 

 C10-C11 bond formation via
SmI2-mediated cyclization

 Construction of bridged olefin
via Chugaev reaction
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C4 oxidation before rearrangement

Paquette, L. A.; Zhao, M. J. Am. Chem. Soc. 1998, 120, 5203.
Paquette, L. A.; Wang, H.-L.; Su, Z.; Zhao, M. J. Am. Chem. Soc. 1998, 120, 5213.
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 [3,3] ＆ semi-pinacol rearrangement
 C9 C10 oxidation via dihydroxylation of trans olefin

Paquette, L. A.; Zhao, M. J. Am. Chem. Soc. 1998, 120, 5203.
Paquette, L. A.; Wang, H.-L.; Su, Z.; Zhao, M. J. Am. Chem. Soc. 1998, 120, 5213.
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 Divergent synthesis
 SAR

 Linear synthesis
 Differentiations of 

functional groups at 
late stage

Ishihara, Y.; Baran, P. S. Synlett 2010, 1733. 
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Baran’s work: two-phase synthesis

HO

Me
MeMe

H

Me

Me

H

Me
MeMe

H

Me

Me

taxadienone

taxadiene

Ishihara, Y.; Baran, P. S. Synlett 2010, 1733. 
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Baran’s work: two-phase synthesis

Ishihara, Y.; Mendoza, A.; Baran, P. S. Tetrahedron 2013, 69, 5685.
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taxadienone taxadiene

8

Baran’s work: two-phase synthesis

Mendoza, A.;Ishihara, Y.; Baran, P. S. Nat. Chem. 2012, 4, 21.

 C8 quaternary carbon centre
 Short, convergent and scalable
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Baran’s work: two-phase synthesis

Wilde, N. C.; Isomura, M.; Mendoza, A.;Baran, P. S. J. Am. Chem. Soc. 2014, 136, 4909.
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H

Me
MeMe

H

Me

O
diene dione

O

Baran’s work: two-phase synthesis

Wilde, N. C. The Two-Phase Synthesis of Taxane Natural Products: Developing the Tools for the Oxidase Phase, Ph.D. Thesis, 
The Scripps Research Institute, 2016.

 Oxidase phase  Cyclase phase

 C9 oxidation via C10 enolate
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Baran’s work: two-phase synthesis

Wilde, N. C. The Two-Phase Synthesis of Taxane Natural Products: Developing the Tools for the Oxidase Phase, Ph.D. Thesis, 
The Scripps Research Institute, 2016.

 C2-C5

 C5-C2
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Baran’s work: two-phase synthesis

Yuan, C.; Jin, Y.; Wilde, N. C.; Baran, P. S. Angew. Chem. Int. Ed. 2016, 55, 8280. 
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HR2O

Me
MeMe

H

Me

O

R1O

OR2

R3 = R4 = NR, CHOH
R3 = H, R4 = OC(O)R, OS(O)2R
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CMe2OH

R4R3

HO

Me
MeMe

H

Me

O

O

OR5Me
Me Me

H
R5 = OC(O)R, OS(O)2NH2, OR

Baran’s work: two-phase synthesis

Kanda, Y.; Nakamura, H.; Umemiya, S.; Puthukanoori, R. K.; Appala, V. R. M.; Gaddamanugu, G. K.; Paraselli, B. R.; Baran, 
P. S. J. Am. Chem. Soc. 2020 142, 10526. Kanda, Y;. Ishihara, Y.; Wilde, N. C.; Baran, P. S. J. Org. Chem. 2020, 85, 10293.

 C7 oxidation  C1 oxidation: DMDO

 C2-β-OH
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Baran’s work: two-phase synthesis

Kanda, Y.; Nakamura, H.; Umemiya, S.; Puthukanoori, R. K.; Appala, V. R. M.; Gaddamanugu, G. K.; Paraselli, B. R.; Baran, 
P. S. J. Am. Chem. Soc. 2020 142, 10526. Kanda, Y;. Ishihara, Y.; Wilde, N. C.; Baran, P. S. J. Org. Chem. 2020, 85, 10293.

 KIE assisted chemoselective oxidation

 C2-C5

 C5-C2

C4 is important!!!

HO

Me
MeMe

H

Me

HO Me
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Baran’s work: two-phase synthesis

Kanda, Y.; Nakamura, H.; Umemiya, S.; Puthukanoori, R. K.; Appala, V. R. M.; Gaddamanugu, G. K.; Paraselli, B. R.; Baran, 
P. S. J. Am. Chem. Soc. 2020 142, 10526. Kanda, Y;. Ishihara, Y.; Wilde, N. C.; Baran, P. S. J. Org. Chem. 2020, 85, 10293.
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Baran’s work: two-phase synthesis

Kanda, Y.; Nakamura, H.; Umemiya, S.; Puthukanoori, R. K.; Appala, V. R. M.; Gaddamanugu, G. K.; Paraselli, B. R.; Baran, 
P. S. J. Am. Chem. Soc. 2020 142, 10526. Kanda, Y;. Ishihara, Y.; Wilde, N. C.; Baran, P. S. J. Org. Chem. 2020, 85, 10293.

C1-C7

C1 C2: LAD, DMDO, Na
C9: at late stage in Holton’s synthesis

C1-C2-C7-C9
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Baran’s work: two-phase synthesis

Kanda, Y.; Nakamura, H.; Umemiya, S.; Puthukanoori, R. K.; Appala, V. R. M.; Gaddamanugu, G. K.; Paraselli, B. R.; Baran, 
P. S. J. Am. Chem. Soc. 2020 142, 10526. Kanda, Y;. Ishihara, Y.; Wilde, N. C.; Baran, P. S. J. Org. Chem. 2020, 85, 10293.
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Matoba, H.; Watanabe, T.; Nagatomo, M.; Inoue, M. Org. Lett. 2018, 20, 7554.

 Chiral SM
 C2-C3 bond formation via radical coupling
 C2-stereochemical information
 Construction of C8 quaternary carbon centre via [3,3]
 C10-C11 bond formation via palladium chemistry
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Imamura, Y.; Yoshioka, S.; Nagatomo, M.; Inoue, M. Angew. Chem. Int. Ed. 2019, 58, 12159.

 C8-C9 bond formation via radical coupling
 Construction of C8 quaternary carbon centre via conjugate addition
 C1-C2 bond formation via McMurry cyclization
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 Total synthesis of taxol
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Summary
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C5 allylic oxidation
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C13 Cr chemistry
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Strategies: fragmentation, convergent synthesis, linear synthesis, two-phase synthesis


