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Penitrem D

-The first of the penitrems was isolated in 1968 by 
  Wilson and co-workers1

-Produced by Ergot fungi
-Causes muscle tremors, limb weakness, ataxia,
 convulsions, and eventually death
-This fungi grows on grains and spoiling foods
-This same class of toxins is most likely the cause
 of the Salem witch trials 
-(-)-Penitrem D is the only one in its family that has 
  been synthesized2

1Wilson, B. J.; Wilson, C. H.; Hayes, A. W. Nature 1968, 220, 77
2Smith, A. B.; et al. J. Am. Chem. Soc. 2003, 125, 8228



Initial Retrosynthetic Analysis
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Is Formation of A and F Rings in a Single Operation Feasible?

Construct a racemic model system

Construct complex indole intermediate
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Construction of Model System

Haseltine, J.; Visnick, M.; Smith, A. B., III. J. Org. Chem. 1988, 53, 6160
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i) methy l acry la te
CH2Cl2, h! , 0 °C

i i) (MeO )3CH, 0 °C

Amberlyst-15

i ii) MeMgBr , benz ene
iv) PPTS, Ac etone

49% over 4 steps

1) MOMCl, i -P r2NEt, CH2Cl2, 82%

2) NaH, THF, EtOCHO, 0 °C

3) ethy l vinyl ketone, Et3N, 0 °C

4) KOH, MeO H-H2O (1:1), r ef lux
86% for 3 s teps

1) NH2OH • HCl , NaOAc

MeOH, reflux , 85%

2) B z2O, xy lene, reflux

3) NaOH, EtOH-H2O (3:1)

reflux , 67% f or 2 steps

4) H2, Pd(OH)2/C, E tOH, 98%

5) T BSCl , DMAP , i -P r2NE t

CH2Cl2, 0 °C " rt, 88%
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i i) s- BuLi , rt
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THF, -78 °C ! rt

ii ) 4 eq. n -B uLi , THF, 0 °C ! rt
80%

Indole Formation
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1) DCC, DMSO 71%

2) CSA, MeOH 69%

1) o -ni tro-phenylse lenocy anide 83%

2) CSA 65%
3) m- CPBA 69%

A and F Ring Formation

A and F ring formation in one step is feasible



I Ring Formtation Model System
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benzene, reflux

2) NaH, 110 °C

toluene-HMPA (9:1)

3) P hCO2H, H2O
59% 3 s teps
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1) CSA, benzene
62%

2) 1N HCl , MeOH
49%

cor rect stereoc hem istr y ac hieved
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Installation of the C22 Hydroxyl Group
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1) 1O2, h!, CHCl3
methylene blue

2) NaBH4, MeOH

54% 2 steps

1O2, h!, py, 35 °C

hematoporphyrin IX;

PPh3, 63%
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Model Systems Summary

-Since the A and F rings cyclize under 
identical acidic conditions to I ring 
formation it was asserted that all three 
rings could be formed simultaneously
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Smith, A., B.; et al. J. Org. Chem. 1995, 60, 7837

O

OMe

LDA, THF;

BnOCH2Cl

84%

O

OMe

BnO
MeLi, THF;

H3O
+

79%
O

BnO MgB ri ) , CuI (cat)

TMEDA , THF, -78 °C
i i) TMSCl /Et3N (1:1)
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i) KH, 18-C-6, THF, !

ii ) TMSCl-E t3N (1:1) , 0 °C
90%
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Construction of G and H Ring Fragment
(continued)
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Union of Western and Eastern Hemispheres
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iv) lac tone A, THF-E t2O (8:1)

-78 °C ! rt

v ) Si lica G el , CHCl3
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Formation of A,F, and I Rings
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I Ring Model Study Revisited

New I Ring Formation Method:



Synthetic Strategy Revised
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NNMe2

hydrazone A

Assembly of Eastern Hemisphere containing I Ring
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Finally Something Goes Their Way
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Coupling the Eastern and Western Hemispheres
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Endgame
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DMSO-E t3N (4:1)

2) 1N aq. HCl
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62%

25%
1) A c2O, DMAP

E t3N, CH2Cl2, 80%

2) T BAF, THF

0 °C ! r t, 84%

1) o -n itrophenylse lenoc yanide

PBu3, THF, 81%

2) m -CPBA, NaHCO3

CH2Cl2, 0 °C ! rt, 64%
3) K 2CO3, MeOH, 0 °C! rt, 82%
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