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Introduc$on	  
• 	  diketopiperazine	  (DKP)	  ring:	  

• 	  (-‐)-‐Lansai	  B	  isolated	  as	  secondary	  metabolite	  from	  
streptomyces	  sp.	  SUC1	  from	  the	  roots	  of	  ficus	  benjamina	  

• 	  (+)-‐nocadioazine	  A:	  inhibitor	  of	  P-‐glycoprotein	  
(transmembrane	  protein	  overexpressed	  in	  many	  
mul4drugresistant	  tumors)	  

• 	  (+)-‐nocadiozine	  A	  and	  B	  were	  isolated	  from	  a	  marine	  bacetria	  
nocardiopsis	  sp.	  	  

• 	  Diastereoselec4ve	  synthesis	  of	  nocardioazine	  B	  by	  group	  of	  Ye	  
in	  2012	  

• 	  No	  total	  syntheses	  of	  (-‐)-‐lansai	  B	  and	  (+)-‐nocadioazine	  A	  

HN
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Retrosynthesis	  
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Enan$oselec$ve	  pyrroloindoline	  synthesis	  

N
R3

R1
R2

8

+ N
H

TFA

O

OR

9a: R = Me
9b: R = Bn

(R)-3,3'-Cl2-BINOL
(20 mol%)

SnCl4 (1.2 eq)

DCM, 23 ºC

87-93% ee
5:1 to 18:1 exo:endo

NN

R1

HR3 TFA

OR

O

R2

10
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Synthesis	  of	  (-‐)-‐lansai	  B:	  
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Synthesis	  of	  (+)-‐nocardioazine	  B:	  
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Synthesis	  of	  (+)-‐nocardioazine	  A:	  

H.	  Wang,	  S.	  E.	  Reisman,	  Angew.	  Chem.	  2014,	  126,	  6320	  –	  6324.	  

N
H

N
N

N
Me

H

H O

O H

H
Me

30

HMe
O

(10 eq)

o-iPr-HG II
(10 mol%)

DCM, 40 ºC
76%

N
H

N
N

N
Me

H

H O

O H

H
Me

Me

O
H

31
E  : Z = 10 : 1

NaBH4
CeCl3.7H2O

MeOH, 0 ºC
84%

N
H

N
N

N
Me

H

H O

O H

H
Me

Me
HO

32

MsCl, Et3N
THF, rt;

then

LiCl
THF, rt
89%

N
H

N
N

N
Me

H

H O

O H

H
Me

Me
Cl

33



13	  

N
H

N
N

N
Me

H

H O

O H

H
Me

Me
Cl

33

TBAI
DIPEA

CH3CN
80 ºC
73%

N
O

O
N N

Me

N

Me H

H
Me

H

H
H

34

H.	  Wang,	  S.	  E.	  Reisman,	  Angew.	  Chem.	  2014,	  126,	  6320	  –	  6324.	  

N
O

O
N N+

N

Me H

H
Me

H

H
H O-

Me

epoxidation
conditions

35

K2OsO4.2H2O, K2CO3
MeSO2NH2, K3Fe(CN)6
DABCO, tBuOH/H2O, rt
76%

N
O

O
N N

Me

N

Me H

H
Me

H

H
H

OHHO

36

1. MsCl, Et3N
DCM, 0 ºC

2. K2CO3, MeOH, 50 ºC
65%

N
O

O
N N

Me

N

Me H

H
Me

H

H
H

O
epi-(C2'')-nocardiozine A (37)



14	  H.	  Wang,	  S.	  E.	  Reisman,	  Angew.	  Chem.	  2014,	  126,	  6320	  –	  6324.	  

NN
HMe

OMe

O

23

TFA

HMe
O

(10 eq)

o-iPr-HG II
(10 mol%)

DCM, 40 ºC
86%

NN
HMe

OMe

O
TFA

Me H

O

38

NaBH4
CeCl3.7H2O

MeOH, 0 ºC
89%

NN
HMe

OMe

O
TFA

Me OH

39

NN
HMe

OMe

O
TFA

Me OH

40

(+)-diethyltartrate
(12 mol%)

Ti(OiPr)4 (10 mol%)
tBuOOH (3 eq)

4MS, DCM, -20 ºC
97%, d.r. 10 : 1

O

MsCl, Et3N

THF, 0 ºC
89%

NN
HMe

OMe

O
TFA

Me OMsO

41

+
NN

Me

HR

OMe

O
TFA

42: R = allyl
43: R = H

Pd2(dba)3 (10 mol%)
dppb (20 mol%)

DMBA, DCE, 80 ºC
92%

NN
HMe

OMe

O
TFA

Me
O

NN

Me

H

OMe

O
TFA

44

TBAI, DIPEA

CH3CN, 90 ºC
74%



15	  H.	  Wang,	  S.	  E.	  Reisman,	  Angew.	  Chem.	  2014,	  126,	  6320	  –	  6324.	  

NN
HMe

OMe

O
TFA

Me
O

NN

Me

H

OMe

O
TFA

44

LiOH

THF/H2O
70%

N
H

N
HMe

OH

O

Me
O

N
H

N

Me

H

OH

O

45

PyBOP
DIPEA
0.02 M
DMF, rt

63%

N
O

O
N N

Me

N

Me H

H
O

Me

H

H

(+)-nocardioazine A (2)

H



16	  

Conclusion	  

• 	  method	  to	  enan4oenriched	  pyrroloindolines	  from	  C3-‐subs4tuted	  indoles	  

• 	  (-‐)-‐lansai	  B:	  6	  steps	  (longest	  linear	  sequence)	  and	  20%	  overall	  yield	  
• 	  (+)-‐nocardioazine	  B:	  9	  steps	  (longest	  linear	  sequence)	  and	  21%	  overall	  yield	  
• 	  (+)-‐nocardioazine	  A:	  9	  steps	  (longest	  linear	  sequence)	  and	  11%	  overall	  yield	  
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End	  
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Pd-‐catalyzed	  deallaly$on	  with	  DMBA	  (dimethylbarbituric	  acid):	  

F.	  Garro-‐Helion,	  A.	  Merzouk,	  F.	  Guibé,	  J.	  Org.	  Chem.	  1993,	  58,	  6109	  –	  6113.	  


