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Penitrem D

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

-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 synthesized?

wilson, 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

Penitrem D

TIPSO

OMTM

Smith, A. B.; et al. J. Am. Chem. Soc. 2003, 125, 8228



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

Meo H

Construct a racemic model system

Construct complex indole intermediate




Modefied Madelung Indole Synthesis
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Construction of Model System

i) methyl acrylate

CH,Cl,,h!,0 °C

Bn i) (MeO );CH, 0°C
Amberlyst-15

1) MOMCI, i-PryNEt, CH,Cly, 82%
2) NaH, THF, EtOCHO, 0°C

!ii) MeMgBr,benzene o 3) ethylvinyl ketone, EtsN,0 °C
iv) PPTS, Acetone 4) KOH,MeO H-Hp0 (1:1), reflux
49% over 4 steps 86% for 3 steps

1) NH,OH « HCI, NaOAc
MeOH, reflux, 85%
2) Bz20, xylene, reflux TBS
3) NaOH, EtOH-H20 (3:1)
reflux,67% for 2 steps

4)H,, Pd(OH),/C,EtOH,98%
5) TBSCI,DMAP,i-ProNEt
CHXLClp 0 °C " rt, 88%

Haseltine, J.; Visnick, M.; Smith, A. B., lll. J. Org. Chem. 1988, 53, 6160



Indole Formation

i) n-Buli, TMSCI,Et,0,-78 °C ! rt

ii) s-Buli, rt
iii) dimethylbutyrolactone
20-30%

i)2.5eq.LDA, dimethylbutyrolactone
THF, -78°C ! 1t

i)4eq.n-BuLi, THF, 0°C ! rt
80%



A and F Ring Formation

1) DCC, DMSO 71%

>

1) o-nitro-phenylselenocy anide 83%

p_d

2) CSA, MeOH 6% 2) CSA65%

3) m-CPBA 69%

A and F ring formation in one step is feasible



| Ring Formtation Model System

1) Me;NNH,, TsOH
benzene, reflux
2)NaH, 110°C

toluene-HMP A (9:1)

OPMB

o”

3) PhCO2H,H20
59% 3 steps

1) CSA, benzene
62%

61% four steps

o
>

2) 1N HCI, MeOH
49%

N
>

correct stereochemistry achieved

Penitrem D




Installation of the C22 Hydroxyl Group

1) 10,, h!, CHCI,
methylene blue

y

2) NaBH,, MeOH
54% 2 steps

10, h!, py, 35 iC
hematoporphyrin IX;

PPhg, 63%

Penitrem D




Model Systems Summary

1) o-nitro-phenylselenocyanide 83%

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

1) CSA, benzene
62%

2) 1N HCI, MeOH
49%

-Since the A and F rings cyclize under
identical acidic conditions to | ring
formation it was asserted that all three
rings could be formed simultaneously



Construction of G and H Ring Fragment

LDA, THF: B0 Meli, THF. g0 ) /\MgBr’ Cul (cat) Bno//\\r;\
+ ‘i / z
OMe BnOCOHzCI OMe H30 0] TMEDA,THF, -78°C - OTMS
84% 79% i) TMSCI/EtsN (1:1)
0°C 8%
MeLi THF Jk
0°C— rt; m-CP BA XMg BnO
MeoNCH o I” CHyCly, -78°C ;g’/f
THF, -78°C 56%, 2 steps

Smith, A, B.; et al. J. Org. Chem. 1995, 60, 7837



Construction of G and H Ring Fragment
(continued)

i) KH, 18-C-6, THF, A MeLi, THF
. -
i
i) TMSCIE &N (1:1),0 °C 0°C
90%
1) NagHPO 4
03, CH2Cl2, t-BuOH, Me2C=CHMe BnO NaH, PhH, A
> \
MeOH-78 °C; 2) CH,N,, Et,0 MeOC~ - 41%
DMS 65%
52%

Smith, A, B.; et al. J. Org. Chem. 1995, 60, 7837




Union of Western and Eastern Hemispheres

i)1eqg. n-Buli, THF

-78iC! rt
i) 1 eq. TMSCI
-78iC ! rt

ii) 2eq.s-BuLi, 0jC

iv) lactone A, THF-E,0 (8:1)
-78 iC! rt

v) SilicaGel,CHCl,
98% based onlactone A

lactone A

1) SO ¥py, Et3N TIPSO | \L
DMF, 87% P ’
2) conc.HCI o CSA
MeOH, 68% benzene
- e ——
3) TIPSCI, imidazole 39% brsm

DMF, 70%

Formation of AandF ring
works on more complex
substrate



Formation of A,F, and | Rings

1) Meo2NNH2, AcOH
MgS Og4,benzene

88% NNMe,
2) LDA, THF, 65 jC
7 eq. hydrazone A
(l)>\|/\
9eq. hydrazone A

OMTM
0iC! rt 38%

3) PivCl, DMAP, CH,Cl
0iC'! rt81%

1) AcOH-AcONa
pH5 buffer
benzene,80 |C, 32%

2) NaBH,, CeCly, MeOH, 59% CSA
benzene
——
3) Acy0, i-PrNEt, DMAP 30%

CHCly 93%

4) Mel,CaCO3 60iC
CH.CN-H,O-THF (4:1:1)
82%

cis relationship
desired



| Ring Model Study Revisited

CSA 1N HCI
OMOM
benzene Me OH

OAc

CSA

benzene-dg
—

rt—= 80°C

0.01 eq. HCIIO,, 3 M LiCIO4-Et,0,

0°C— rt, 84% (13:1)

-conditions proved to be useful in forming the | ring
-were not useful in forming A andF rings



Synthetic Strategy Revised




Assembly of Eastern Hemisphere containing | Ring

1) Me,NNH,, AcOH
1) Me C(CH,0H),, benzene MgSO , benzene
CSA,reflux, 85% brsm 98%
2) DIBAHH, CHCly, -78iC

2) 2.2 eq.LDA, THF, 65 iC
83%

‘7

1.2 eq. hydrazone A
3) HCI, MeO H

96%

2.6eq.
OMTM

3) BzCl, DMAP, CHCl
68 %

1) AcONa-AcOH buffer
benzene, 65 |C

55%

1) NaBHy4, CeCl3, MeOH, 0iC,85%

2) HCIO,, CHZCN-H,0 (4:1)

55iC,82%

3) PDC, CH2Cly, 78%

~
I

2) Ac,0, DMAP, EtgN, CH,Cl,, 94% 5

3) Mel,CaCO,4 55 C

o
- - 1 0,
CHZN-THF-H20 (4:1:1), 9% OAQ
0.01eq. HCIO4
3M LiClO,4-Et,0 (0]
- O Bz

NNMe,

0iC! rt 0]
32% (cis:trans=1:1)

hCH
-16% of desired isomer

-new strategy was required hydrazone A




A Viable Route to the Eastern Hemisphere

Penitrem D

OMTM

8.4 eq. TfOH, Et3SiH-toluene (1:1),

~ 40°C! rt
O 60%




Attempted Installation of C22 Hydroxyl Group

1) KoCO3
MeOH-HO

(4:1) conditions

g Se

29

S?

2)EDCI,DMAP
CH2Cl
90% 2 steps

10, 1!, py, 35iC
hematoporphyrin IX;

PPhg, 63%

j H
Me
0]
\\ //H
00O




OH

Finally Something Goes Their Way

Dess-Martin
oxidation

formed during purificaiton

1) Dess-Martin [O]
CH.ClI,

; o

2) SiO,, EtOAc
air, 65% 2 steps

3) PPhs, benzene
93%

chair form favored

twist-boat form disfavored



Coupling the Eastern and Western Hemispheres

1) L-Selectide, THF, -78 {C,86% (19:1) o

2) TESOTf, 2,6-lutidine, CH,CI,, 88%

lactone A

e

3steps 85% "o TMS

H

NH,

)1l.1eq.n-BuLi, THF
78 iC! 1t

i)1.1 eq. TMSCI, 0iC

i) 2.1eq.s-BuLi, 0jC

TIPSO

iv) 0.1 eq. lactone A
THF-Et20 (1:1),0 iC

2) silicagel, CHCI3
81% from lactone A




Endgame

TIPSO

1) SO3 ¥py
DMSO-EN (4:1)

2) 1N ag. HCI
THF-H,O (51)
76% 2 steps

Sc(0Th;,
B —

benzene

62% H

1) Ac,0, DMAP
E&N, CH,Cl,, 80%
2) TBAF, THF
0iC —rt 84%

1) o-nitrophenylselenocyanide
PBus, THF,81%
2) m-CPBA, NaHCOs3

CHaClp, 0C — 1t, 64%
3)K,COz MeOH, 0iC — rt, 82%




