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There	  are	  two	  things:	  ...	  
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•  born	  June	  13,	  1941	  in	  Philadephia	  
•  B.	  A.	  at	  University	  of	  Pennsylvania	  in	  1962	  
•  Ph.D.	  MassachuseNs	  Ins8tute	  of	  Technology	  in	  1965	  
•  Professor	  at	  Wisconsin-‐Madison	  1965-‐1987	  
•  Tamaki	  Professor	  at	  Stanford	  Universit	  1987	  8ll	  present	  

•  Among	  the	  50	  most	  cited	  chemists	  
•  Latest	  award:	  Arthur	  C.	  Cope	  award	  

•  Former	  group	  mebers:	  Osman	  Achmatowicz,	  Dennis	  Curran,	  Andreas	  
Gansäuer,	  Mike	  Krische,	  Tobias	  RiNer,	  Yian	  Shi,	  Yoshinao	  Tamaru	  
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key	  step:	  Pd-‐AAA	  

	  

Asymmetric	  allylic	  alkyla8on	  reviews:	  
	  

B.	  M.	  Trost,	  JOC,	  2004,	  69,	  5813-‐5837	  
B.	  M.	  Trost,	  M.	  L.	  Crawley,	  Chem.	  Rev.,	  2003,	  103,	  2921-‐2943	  
B.	  M.	  Trost,	  D.	  L.	  Van	  Vranken,	  Chem.	  Rev.,	  1996,	  96,	  395-‐422	  
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Scheme 17: Overview of possible reaction pathways in allylic alkylation reactions. LG=leaving group, [M]=metal center in the 
active complex, L=ligand, Nu=nucleophile 

 
 

A possible attack of the nucleophile onto the middle-position of the allyl-species is not 

considered in this scheme. 
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LG NuM, (L*)

X OAc OP(O)(OEt)3OCO2MeO

leaving groups

metals

allylic alkylation is catalyzed by many transition metals (Pd, Mo, W, Ir, Ni, Pt...)

asymmetric variants for Pd, Mo (Trost) and Ir (not Trost) available

metal sources

Pd2dba3 (1g 67 € (Aldrich)) , (η3−C3H5PdCl2) (1g 151 € (Aldrich))

Mo(CO)6, [Mo(C7H8)(CO)3], [Mo(CO)3(MeCN)3], [Mo(NBD)(CO)4]

ligands

NH
HN

O
Ph2PO

PPh2

(R,R)-ANDEN-Phenyl Trost Ligand

500 mg 205 € (Aldrich)

HNNH
OO

PPh2 Ph2P

(R,R)-DACH-naphthyl Trost ligand

1g 230 € (Aldrich)

HNNH
OO

PPh2 Ph2P

(R,R)-DACH-phenyl Trost ligand

1g 230 € (Aldrich)

HNNH
OO

NN

(R,R)-DACH-pyridyl Trost ligand

1g 56 € (Aldrich)
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TBDPSO
OAc O

Ph
O

OH

OH

OH
CO2H
NH2

sphingofungin F75%, 11:1 dr, 89% ee

B. M. Trost, C. B. Lee, JACS, 2001, 123, 12191-12201

1.5 mol% ligand, 
0.5 mol% cat., 

NaH, DME

OTBDPS

CO2Me
TrocO

OH
BrMeO

CHO

+

7.5 mol% ligand, 
2.5 mol% cat., 

DCM, 0 °C CO2Me
O

MeO

CHO

Br

72%, 82% ee

O
MeO

N

OH

(-)-galanthamine

MeN

O
OH

OR

(-)-codeine     R=Me
(-)-morphine   R=H

B. M. Trost, F. D. Toste, JACS, 2000, 122, 11262-11263

B. M. Trost, W. Tang, JACS, 2002, 124, 14542-14543
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B.	  M.	  Trost,	  G.	  Dong,	  JACS,	  2006,	  128,	  6054-‐6055	  

OBocBocO
H
NBr CO2Me

+

1.25 mol% [Pd(C3H5)Cl]2, 
1.875 mol% R,R-STD. Ligand

1.0 eq. Cs2CO3, DCM (0.08 M), rt

83%, 92% ee
NBr CO2Me

BocO

a. 1 M LiOH, 
    THF/water 3:1,
    48 h, rt, 86%

b. oxalyl chloride, 
    cat DMF in THF,
    then NH2OMeHCl, 
    K2CO3, H2O, 85%

NBr CONHOMe

BocO

5 mol% Pd2(dba)3CHCl3,
15% R,R-STD. Ligand, 
Cs2CO3, DCM, rt, 91%

N N

O

OMe
Br H H

0.5 eq. 1, 5 eq. PHI=NTs, 
4 Å molsieves, benzene,

0 °C to rt, 52%N N

O

OMe
Br H H

N
Ts

N N

O

OMe
Br H H

a. 10 eq. TFA, micowave,
    dioxane:water 3:2 
    150 °C, 2.5 h, 84%

b. DMP, DCM, rt, 80%

O

NHTs

1,2 eq. Ch3NCO, 
0.2 eq. Cs2CO3,

 CM, 0 °C to rt, 53%

N N

O

OMe
Br H H

NTs
N

O

HO

10 eq. SmI2, THF, 
0 °C to rt, 88%

N NH

O

Br H H

NH
N

O
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N N

Cu
Cl1

HNNH
OO

PPh2 Ph2P
R,R-STD. Ligand
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marcfor'ne	  B	  
key	  step:	  TMM	  

Trimethylenemethane	  reviews:	  
	  

B.	  M.	  Trost,	  Angew.	  Chem.	  Int.	  Ed.,	  1986,	  25,	  1-‐20	  
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R EWG
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weakening 
of C-Si bond

reductive 
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cyclization vs. bond rotation
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a. acetone, HCl, rt, 70%

b. Boc2O, DMAP, NEt3, 
    DCM, 85%

N
O

OMe
OMe

N
O

OMe

HO2C

Boc

Boc

TMS

OCO2MeTMS

    5% Pd(OAc)2, 
    35% P(OiPr)3,
    toluene, reflux

Me2SO4, K2CO3, 
acetone, reflux, 

93% over two steps

N
O

OMe

MeO2C

Boc
OMe OMe

O

TMS

TMS

O

OMe PdII
TMS

TMS
Pd0

PdII
TMS

TMS

O OMe

O
TMS

CO2 + TMSOMe

OMe

PdII
TMS

PdII

TMS

O

O
C

TMS

PdII

TMS
O

TMSO

PdII

O

TMSO
substituents at TMM are most likely 

to end up next to the b-position 
of the unsaturated DB 

(electron donating substituents too)

B.	  M.	  Trost,	  N.	  Cramer,	  H.	  Bernsmann,	  JACS,	  2007,	  129,	  3086-‐3087,	  	  

B.	  M.	  Trost,	  J.	  M.	  Mignani,	  T.	  Nanninga,	  JACS,	  1986,	  108,	  6051-‐6053	  
	  



Gaich-‐Group	  Seminar	  
Sebas8an	  Krüger	  

B.	  M.	  Trost,	  N.	  Cramer,	  H.	  Bernsmann,	  JACS,	  2007,	  129,	  3086-‐3087	  	  
	  

a. mCPBA, DCM, 
    0 °C, 89%
b. DBU, THF, 
    0 °C to rt, 72%
c. MsCl, NEt3,           
    DCM, 0 °C

N
O

OMe

MeO2C

Boc

OMs
H
N CONH2

OH

HBr

a. NEt3, DMSO, rt

b. MsCl, NEt3, DCM, 
    0 °C, then DBU, 
    84% over three stepsN

O

OMe

MeO2C

Boc

N

OH2N

a. SnCl4, EtOAc, 
    rt, 89%

b. KHMDS, THF, 
0 °C, to rt. quant.N

H

O

HN
N

O

MeO2C

a. PMBCl, Bu4NI, K2CO3, 
    acetone, reflux, 95%
b. DIBAL, DCM, 0 °C, 86%
c. KHMDS, THF, CS2, 
    -78 °C to rt, then MeI, 75%

N
O

HN
N

O

O

a. 170% AIBN, 
    20% Bu3SnH,
    benzene, reflux, 
    61%

b. 50 bar H2, 
    15% Crabtree's cat. 
    DCM, 89%

OMe

OMe

N
O

NHN

O

OMePMB PMB
N

O

NHN

O

OPMB

a. TFA, anisole, reflux, 91%
b. BBr3, DCM, 0 °C

c. prenylbromide, KI, Cs2CO3, 
    acetone:H2O 10:1, 
    62% over two steps

OMe
OMeOMe

OMeOMe OH N
H

O
O

O

NHN

O

a. mCPBA, CHCl3, 0 °C to rt, 
    then aq. NaHSO3
b. SnCl4, dioxane, rt, 

c. MeP(OPh)3I, DMPU, rt, 
    42% over three steps

S S

N
O

OMe

MeO2C

Boc
OMe
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pseudolaric	  acid	  B	  
key	  step:	  Ru-‐[5+2]	  
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RuCp

+
RuCp

R

R

Ru

+

R

R

RuCp

R

π-complexation

oxidative 
insertion

reductive 
elimination

isomerization

B.	  M.	  Trost,	  F.	  D.	  Toste,	  H.	  Sheng,	  JACS,	  2000,	  122,	  2379-‐2380	  
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B.	  M.	  Trost,	  J.	  Waser,	  A.	  Meyer,	  JACS,	  2007,	  129,	  14556-‐14557	  

O

OO 1.4 mol% [RuI2(p-cymene)]2, 
2,8 mol% (R)-BINAP, 1800 psi H2,

 
methanol, DCM, 40 °C, 
95%, 95:5 dr, 90% ee

O

OOH a. TBSCl, imidazole, DMAP, DMF, 
b. DIBALH, toluene, -78 °C

c. TMSCHN2, LDA, THF, -78 °C, 
    then TMSCl, 73% over three steps
d. PPh3, I2, imidazole, toluene, 90%

I
OTBS

TMS

OHHO

a. TBDPSCl, imidazole, THF, 92%
b. Et2Zn, DME, CH2I2, Charette's auxiliary,
    DCM, -10 °C to 23 °C, 91%, 90% ee

c. (COCl)2, DMSO, NEt3, DCM, quant. OTBDPSO

1

2

step a:
1. MePh3P+Br-, PhLi/LiBr, THF
2. 1, 0 °C, then PhLi/LiBr
3. 2, -78 °C, then PhLi/LiBr 23 °C
4. HCl, -78 °C, then KOtBu, 23 °C
step b:
K2CO3, MeOH, 58% over two 
steps

OTBDPS

TBSO

11 mol% cat 3, 
DCE, 88%OTBDPS

TBSO

H
a. TBAF, 3 Å molsieves, THF, 94%
b. TESCl, imidazole, DMAP, DMF, 85%
c. mCPBA, NaHCO3, DCM, -20°C
d. LDA, THF, 0°C, 72% over two stepsOTBDPS

TBSO
OH

a. DDQ, pH=7 buffer, DCM
b. MnO2, KCN, AcOH, MeOH, 
    85% over two steps
c. TBAF, AcOH, THF, 87%

OMe

HO
OH

O

a. CDI, THF, quant.
b. Ph2Se2, NaBH4, DMF, 92%

OMe

O
OH

O
O

PhSe

a. PMBOC(NH)CCl3, 2 mol% Sc(OTf)3, 
    toluene, 0 °C, 94%
b. Bu3SnH, ABCN, benzene, 70 °C, 
    then DBU, rt, 85% O

CO2Me

O

O PMP

H
H
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B.	  M.	  Trost,	  J.	  Waser,	  A.	  Meyer,	  JACS,	  2007,	  129,	  14556-‐14557	  

a. KOTMS, toluene, 120 °C, 30 min,
    then Me2SO4, buffer 
    (TsOH, Hünig's base 1:2) 
b. DMP, NaHCO3, DCM, 
    59% over two steps (73% brsm)
c. DDQ, pH=7, DCM, 76%

a. Ac2O, 8 mol% Sc(OTf)3,
    0 °C, 98%
b. Bu3SnH, 5 mol% Pd(PPh3)3Cl2,
    THF, 90%
c. iodide 1, 25 mol% Pd2dba3, 
    Hünig's base, NMP, 62%

O

CO2Me

O

O PMP

H
H

O

CO2Me

OH

O

H
O

a. TMSCCCeCl2, THF, -78 °C, 87%
b. Otera's catalyst, toluene, 
    130 °C, 30 min, 94% O

CO2Me

OH

O

H
H

TMS

O
O

O
O

HO2C

(-)-pseudolaric acid B


