
R2

+ R

Cp2ZrHCl
CuNTf2/L1

O Cl

R2
R

O

n n
R2

 = Me, Et
then
trapping:

n = 0 - 2

N

Cl
Cl

Cl OCl O

Cl O

TMS

Cl O

56% yield
96% ee

43% yield
86% ee

46% yield
96%

 ee

Cl O

41% yield
98% ee

Cl

Et

O

Cl O

n-Bu

R = H/COH 3.5:1
58% yield
90% ee

OH

Cl

OR

43% yield
90% ee

Cl O

Ph
41% yield
90% ee

Ph Ph

OBn
57% yield
1:1 d.r.
90% ee

64% yield
92% ee

Cl O

Chlorination and trapping: initiated by 4º center formation [6]

N
n-Bu

n-Bu

N
Ph

Ph

N

Ph

Ph

N

CF3

CF3

N
PMB

PMB

L: O
O

P NR1R2

O
Cp2ZrHCl

CuNTf2, L
conditions

Br+

O

Br

Optimisation of ACA step (bromodiene)

L1 L2

L3 L4 L5

O O

Optimised ACAs
O

Cp2ZrHCl, CH2Cl2

CuCl/L1, AgNTf2
MTBE, 0 ºC

+

O

c.f: 89% yield, 93% ee
(Baran 2012)

OTMS

14% yield
80% ee

O Cp2ZrHCl, CH2Cl2

CuCl/L2, AgNTf2
Cl(CH2)2Cl

Br+

O

Br

72% yield
92% ee

~1.5 grams

PdCl2.(PPh3)2, 
dppf, K3PO4

CO2tBu
BPin

O
tBuO2C

(81%)

OH HO
DIBAL-H

O OH
O Cl

O
O O

(see ref [8])

(94%)

SOCl2
,

H2ODMP

(27%)

sspf 
Taxol core: prior art 
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2 Asymmetric conjugate addition (ACA) 

1 3 mL “solvent”, 0.25 mL CH2Cl2. 2 2 mL “solvent”, 0.5 mL CH2Cl2. 3 2 mL 
“solvent”, 1 mL CH2Cl2 

• Alkenes can be used as nucleophiles in ACA reactions via their hydrometallated form. [4] 
• A variety of products containing tertiary or quaternary stereocenters can be accessed from 

either cyclic or acyclic enones. [5] 
• Yields and enantioselectivities are usually high (see quaternary center formation above [6]). 
• Functional groups are tolerated: protected alcohols, aromatic rings, halogens etc 
• Reactions don’t require cryogenic temperatures (compared to when using traditional 

organometallic reagents). 

• Taxol is structurally complex and is thus a useful 
benchmark for evaluating new synthetic methods. 

• Baran and co workers [1] synthesised the core 
(Taxadiene) in 2012. 

• Their route efficiency came from two tactics 
1. Intramolecular Diels-Alder reaction (IMDA) to 

form the AB ring system. [2] 
2. Catalytic asymmetric conjugate addition to set 

the quaternary stereocenter at C8. [3] 
 

O

O

O
OAc

HO

OAc OBz
OH

Ph

NHBz

OH

O

H

Taxol (with core highlighted)

1
2

45

8

10 13

AB
C

 Entry L Solvent T Yield (%) ee (%) 
1 1 MTBE RT 70 6 
2 3 MTBE RT 63 18 
3 4 MTBE RT 42 64 
4 5 MTBE RT 49 86 
5 2 MTBE RT 81 82 
6 2 ClCH2CH2Cl RT 45 90 
7 2 PhMe RT 70 84 
8 2 2-Me-THF RT 77 76 
9 2 Et2O RT 49 80 
10 2 CHCl3 RT 54 88 
11 2 CH2Cl2 RT 37 84 
12 2 o-PhCl2 RT 36 88 
13 2 ClCH2CH2Cl 0 °C 39 92 
14 2 PhMe 0 °C 44 14 
151 2 PhMe RT 48 60 
162 2 PhMe RT 71 88 
173 2 PhMe RT 66 90 

Br PdCl2.dppf, ZnBr2

MgBr

THF
(49%)

~ 1 gram

Triene synthesis

O
Br

O
Br

TMSClMg
then p-TsOHBr2

 then NEt
3

(87%) 74% (2 steps)

~ 20 grams

Bromodiene [7] synthesis

4 Tandem ACA/trapping reactions 

5 Completing the synthesis 

Jones
reagent
(66%)

(94%)

20% yield
92% ee
1:1 d.r.

Cl HO
BF3.Et2O

Cl O

Cl OH

DMF, 65 ºC
(68%)

PdCl2.(PPh3)2, dppf, K3PO4

Cl

Br

OH

MgBr

O
Br

+

Cl

Br

69% yield
92% ee

OCp2ZrHCl
CuNTf2/L2

then POCl3/DMF

O
H

O
H

OTMS O

+

AlMe3

OO
H

Diels-Alder Conjugate 
addition

• We were inspired to look for alternative disconnections! 

ACA of alkylzirconium reagents to form quaternary centers
O

Cp2ZrHCl, CH2Cl2

CuCl/L, AgNTf2
MTBE

R+

O

R

up to:
97% yield
95% ee

Hydrometallation of alkenes (Schwartz' reagent)

R
Cp2ZrHCl

R
ZrCp2Cl

~ 3 grams 
 

1) Cp2ZrHCl,    CuNTf
2/L1

O O

+ 2) formaldehydeBn
Bn

OH
up to 50% yield
(procedurally
complex)

O
Cp2ZrHCl

CuNTf2/L2

Br+

Br

O
ZrCp2Cl

Br

O
TMS

Br

O

O BPin

Cl

O BPin

(37%)
C-alkylated product

not observed

MeLi, TMSCl, UHP

Early trapping attempts

Cl HO
∆ Cl O Cl

Br

OH

+

BPin

Cl

Br

O

+

BPin
M

or

macrocycle

Cl OTIPS Cl OTIPS

PdCl2.(PPh3)2, dppf, K3PO4

DMF, 70 ºC
(63%)

BPin

OTBS

Br OTBDMS

Cl O
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