Enantioselective Total Synthesis of Akuammiline
Alkaloids (+)-Strictamine, (-)-2(S)-Cathafoline, and (-)-
Aspidophylline A

Moreno, J.; Picazo, E.; Morrill, L. A.; Smith, J. M.; Garg, N. K. J. Am. Chem. Soc. 2016, 138, 1162.

(-)Aspidophylline A

(+)-Strictamine (-)-2(S)-Cathafoline

Michael Houghton

Wipt Group
02/13/16
1

Mike Houghton @ Wipf Group Page 1 of 11 2/13/2016



4 Subclasses of Akuammiline Natural Products

Methanoquinolizidine Akuammilines

furoindoline-Containing
Akuammilines

(+)-Strictamine

Skeletally-Rearranged Akuammilines

OMe

(=)-Vincorine
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(-)-2(S)-Cathafoline

(+)-Scholarisine A

Page 2 of 11

(-)Aspidophylline A

C5-Oxidized
Akuammilines

N
R Me

(=)-Picrinine 2
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Biological Activity

» QOver 30 alkaloids isolated from the
plant Alstonia scholaris.

= Many of these alkaloids display
anti-tussive, anti-asthmatic and anti-inflammatory effects

= Some exhibit opioid behavior and cytotoxic activity
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Retrosynthetic Analysis

*Deprotection and Late-Stage
C-N Bond Formation
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OBz NsN N
1.) [PACI(C5H)], (1.5 mol%) /\
NSHN o Trost ligand (4.5 mol%) Me
S
Cs,CO,, DCM, 23 °C
+ /\ 5,CO,4 R
Me ) LIOH-H,0, MeOH, 23 °C
(89% yield)
OBz OH
NSN/\ NsN/\ 1.) Au(PMe3)CI (10 mol%)
Me TBDPSOTE Me AgOTf (15 mol%)
PCC 2,6-lutidine PhMe, t-BuOH, 40 °C
S — _—
DCM, 23 °C DCM, -78 °C 2.) p-TsOH-H,0, 23 °C
(93% yield) (89% yield) (89% yield)
o) OTBDPS

96%ee
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Forward Synthesis to Au Cyclization

1.) NaBO;-4H,0
THE, H,0O, 65 °C

2.) CI(Ph);P-CH,0Me
KOt-Bu, THF
—78°C to 23°C

(49% yield) CHO
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Au-Mediated Cyclization

Au(PMe,)Cl NsN N
AgOTf A

Me
AgCl
OTBDPS
] /\
[Au]
NsN i\
Me
(OTBDPS
Protonolysis
TBDPS *
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Forward Synthesis to Interrupted Fischer Indole

1

/\OEt
NIS NIS, -20 °C
K,CO,4 DCM
- s — >
MeOH, 23 °C 2. n-BusSnH
(93% yield) AIBN, 75 °C
toluene

(70 % yield, 2 steps)

1. AcOH, H,0O HO/,I,,. 1. p-TsOH-H,0
THE, 75 °C benzene, 80 °C

2. NaBH, o 2. Dess-Martin
MeOH, 0 OC J DCM, 40 °C
(68% yield, COMe (66 % yield, 2 steps)
2 steps)

H YT “Me
PhNHNH,
TFA, 40 °C K,CO,
_ —_—
1,2-DCE MeOH, 65 °C

76% yield, one-pot
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Interrupted Fischer Indole

K,CO,

MeOH, 65 °C
76% yield, one-pot

Cs,CO;, MeCN, 65 °C

>

2. Formic acid, EDAC
DMAP, DCM, 0 °C

(71% vyield, 2 steps)
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(-)Aspidophylline A
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Forward Synthesis to the Methanoquinozilidines

H Y= Me
PhNHNH,
TFA, 40 °C Et;SiH, TFA
—_— —_—
1,2-DCE 1,2-DCE, 65 °C

83% yield, one-pot

not isolated

1. NaOH, H,O, THE, 23 °C

b

2. TMSCHN,, MeOH THE, 23 °C
71% yield, 2 steps

1. LiBH,, THE, 40 °C
2. TBSCI, imid., DMAP, DCM, 0 °C
(63% yield, 2 steps)

1. Dess—Martin, DCM, 23 °C

2. NaClO,, NaH,PO,, 2-methyl-2-butene
t-BuOH, H,0, THE, 23 °C
3. Me,SiCHN,, MeOH, THF, 23 °C
then, AcOH, H,O, THE, 23 °C
(41% vyield, 3 steps) 9
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Completion the Methanoquinozilidines

1. MsCl, Et;N
DCM, 0 °C

b

2. LiCl, THF,
70 °C
77% yield, 2 steps

1. PCC, DCM, 23 °C

b

2157 @)

Cs,CO3, MeCN, 65 °C
Me (quantitative yield, 2 steps) (+)-Strictamine

1. HCHO, NaBH;CN
MeCN, AcOH, 23 °C
(71 % yield)

? o

2 HS/\/\@

Cs,CO3, MeCN, 65 °C
(50 % yield, 2 steps) (=)-2(S)-Cathafoline
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Conclusions

= Successfully completed first enantioselective route to
(-)-Aspidophylline A

= They were able to synthesize two natural products
from the methanoquinolizidine akuammilines, for which
there was no previous synthesis.
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