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• isolated from the deciduous tree Broussontia
kazinoki

• possess glycosidase inhibitory properties and as
such have potential as antitumor and anti –HIV
agents

• relative stereochemistry of the spiroketal and the 1’-
alcohol were unknown

• isolated from ‘marine sponges’

• possess antiviral and antitumor properties due to
their ability to inhibit protein synthesis

• syntheses reported by Kishi (JOC, 1990, 55, 4242),
Nakata (Tet. Lett.  1994, 35, 8229) and Roush (Org.
Lett., 2000, 2, 859)



Total Synthesis of (+)-Broussonetine
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Synthesis of the Pyrrolidine Core
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[{C3H5}PdCl2] (0.4 %)

(R,R)-2 (1.2 %)

94 %, 98 % ee

Na2CO3, CH2Cl2

1.  NH2CH2CH2NH2,

     EtOH, reflux

2.  triphosgene, NaHCO3,

     toluene/H2O, O°C
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[Pd2(dba)3]
.
CHCl3 (0.25 %)

(R,R)-2 (0.75 %), 1

DBU (1 %), CH2Cl2
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Dynamic Kinetic Asymmetric Transformation (DYKAT)

•Trost et al.  JACS, 125, 13155-13164, 2003



Spiroketal Formation
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1.  n-BuLi, 1-pentyne, THF -78 °C --> rt

2.  TrCl, Et3N, DMAP, DMF

3.  7 (3 mol %), i-PrOH
1

69 % for three steps, 97 % ee

1.  KH (10 equiv.), NH2(CH2)3NH2, THF

2.  DHP, PPTS, CH2Cl2

3.  nBuLi, AlMe3, BF3
.
Et2O, Et2O then

     ethylene oxide, -78 °C --> rt

4.  1 % HCl/MeOH

43 % for four steps

1.  [PdCl2(PhCN)2] (2 %), 

     CH3CN/THF (3:2)

2.  PPh3Br2, imid., THF

77% for two steps, 94 % dr for 
spiroketalization

6

10
9

8

Q

Ph

Ph

N
H

Ru

Ts
N

7

H

N

OHHO

HH
HO OH

O

O

1  Noyori et al.  JACS, 1997, 119, 8738



Grignard Coupling
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1.  NaH, BnBr, TBAI, THF

2.  "G-2" (1.2 %), CH2Cl2, reflux
N

OBn O

O

1.  NaOH, EtOH/H2O (3:1)

2.  BnOCOCl, NaHCO3, Na2CO3

       H2O, 0 °C --> rt

Cbz
N

OBn
OH

99 % for two steps

1.  TEMPO, KBr, NaOCl, NaHCO3

       acetone/H2O, O °C

2.  HNMe(OMe)
.
HCl, pybop, iPr2NEt

     CH2Cl2
3.  10, (1.2 equiv.), Mg, THF, reflux

     then 12
47 % for three steps
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Conclusion of (+)-Broussonetine
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OBn OHDIBAL-H Et2O, 0 ¡C
(14a:14b, 4.3:1)  76 % 

               or

"NaBH4" (14a:14b, 1:2.6) 83 %

1.  CF3C(O)CH3, oxone, NaHCO3 
     CH3CN/H2O 0 ¡C
2.  TFA, THF/H2O, 65 ¡C

50 % for two steps
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95 %
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(+)-broussonetine G

15 steps
7.5 % overall yield
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Formal Synthesis of (-)-Mycalamide A
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• For completion of the synthesis see Nakata et al.  Heterocycles, 1996, 42, 869



Synthesis of (-)-7-Benzoylpederic Acid

O

TMS-acetylene, n-BuLi,

AlMe3, then 16, BF3
.
Et2O OH

TMS

OH
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CO2Me

OTBS

TMS

CO2Me

OH

OBz

1.  TBSOTf, Et3N, CH2Cl2
2.  OsO4, NMO, acetone/H2O, 2 °C

3.  PhCOCl, Et3N, DMAP, CH2Cl2

        -78 °C -->  - 40 °C

92 % for three steps

CpRu(CH3CN)3PF6 (10 mol %), 

18, acetone
1

63 %

CO2Me

18

17
16

1.  DMP, NaHCO3, CH2Cl2
     then CSA (10 mol %)

2.  MeOTf, LiHMDS, DME, -70 °C

O
CO2Me

MeO
OBz

70 % for two steps

TMS

1.  NIS, CH3CN, 0 °C, 

2.  (Ph3P)4Pd, Bu3SnH

3.  n-PrSLi, HMPA

O
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(-)-7-benzoylperedic acid

100 %

82 % for three steps

10 steps
33 % overall yield
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1 Trost et al.  Org. Lett.  2000, 2, 1761



Palladium Catalyzed Cyclization
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1.  Ag2O, MeI, CH3CN, 58 °C

2.  DIBAL-H, CH2Cl2, -78 °C

     then 23, In
0
, sat. NaHCO3 (aq)

AcO Cl

Pd(OAc)2, PPh3, DBU

1,4-dioxane, reflux

PdCl2(dppf), BEt3, 

Et3N, THF, reflux

O

MeO OH

79 %

99 %

1.  Swern

2.  vinyl-MgBr, 

     MgBr2
.
Et2O, -78 °C

1.  n-BuLi, (Boc)2O, THF

2.  AD-Mix !, t-BuOH/H2O

     then NaIO4, THF/H2O

3.  m-CPBA, Li2CO3, CH2Cl2

53 % for two steps, 5:1 dr

 86 % for two steps
78 % for three steps
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Conclusion of Azide Fragment
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OH1.  TBS-OTf, Et3N, CH2Cl2, -78 °C

      then  DMDO/acetone, 4 A ms -5 °C

2.  TBAT, PhCOOH, THF, 50 °C

3.  Tf2O, pyr. 0 °C; then NaNO2, DMF

42 % for three steps

28 29

TMSOTf, TMSN3,

CH3CN, 0 °C

68 %, 1.6:1 dr

1.  AD-mix !, t-BuOH/H2O

2.  triphosgene, pyr., CH2Cl2

54 % for "-AcO (4.3:1 dr)

84 % for !-AcO (9:1 dr)

1.  9-BBN, Wilkinson's catalyst

2.  PCC, CH2Cl2, 45 °C

3.  Ph3P=CH2, tol.,

      -40 °C --> -20 °C

47 % for two steps

1.  Pd2(dba)3
.
CHCl3, dppf

     DCE, 70 °C

2.  DIBAL-H, -78 °C

     then Ac2O, pyr. DMAP

58 % for two steps
1.6:1 dr
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19 steps
2.3 % overall yield

O

H

N

O O

O

OH

OMe

OHMeO

OH

O


