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Total Synthesis of Seven Indole Alkaloids

Significance: A set of seven indole alkaloids were 
synthesized by the Echavarren group through 
common precursor I. The alkaloids all contain a 
pyrroloazocine core and were shown to reverse 
multidrug resistance in cancer cells. Further ex-
periments provided insights into a biosynthetic 
mechanism.

Comment: The use of an imine formation–
lactamization–rearrangement cascade provides 
rapid access to C. A set of homologations and 
gold cyclizations led to the desired carbon frame-
work in I. Functional group manipulations then led 
to a collection of related natural products.

N

N

O O

CO2Me
N

N

O O

CO2Me

O

N

N

O O

CO2Me

O

(+)-Grandilodine C (+)-Lapidilectine B

N

N

CO2Me

O

CO2Me

N

N

CO2Me

O

CO2Me

OH

N

N

CO2Me

O

O

N

N

H

O

N

N

H

O

CyCyO
N

NH2

H

CO2MeO
O

Cy
B

condensation–
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cascade

B, Et3N–PhMe (2:1)
Δ, then aq HCl
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D, K2CO3, MeOH
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1. AuCl (7 mol%), CH2Cl2–AcOH (18:1)
2. NaHMDS, ClCO2Me, THF, 0 °C to r.t.
3. OsO4 (3 mol%), NMO, Me2CO–H2O (2.7:1)
    then NaIO4, Me2CO–H2O (2:1)
4. H2 (1 atm), Pd/C (8 mol%)
    EtOAc–CH2Cl2 (5:1)

24%
99% ee

SiCl4, G (15 mol%)
t-BuNC, CH2Cl2, –40 °C
then MeOH, –40 to 0 °C

Passerini reaction

1. Ph3PBr2, NBu4Br, imidazole
    CH2Cl2
2. [CH2(Ph2P)2AuCl)2] (2 mol%)
    Na2CO3, hν (365 nm), MeCN

86%, dr > 50:1

50% aq H2SO4, CH2Cl294%

Me3OBF4, CH2Cl2
4 Å MS, then NaBH4

MeOH, 0 °C
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63%

1. K, PhMe, 90 °C
2. p-TolSOCl, DIPEA
    CH2Cl2, –20 °C to 80 °C
3. mCPBA, CH2Cl2, –78 °C

47%

88%, dr = 2:1
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