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Introduction

OMe
(-)-Vincorine (4) (+)-Scholarisine A (5) (-)-Picrinine (6)



Retrosynthesis of (+)-Strictamine

Deprotection & Late-Stage
C-N Bond Formation

PhNHNH,
1

—

Reductive Interrupted
Fischer Indolization

Au-Mediated NSN/\
Cyclization N

enantioenriched
OTBDPS
13 14

Me

Garg, N. K. et al. J. Am. Chem. Soc. 2016, 138, 1162.



Enantioselective Total Synthesis of (—)-Aspidophylline A
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Enantioselective Total Synthesis of (—)-Aspidophylline A
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Enantioselective Total Synthesis of (—)-Aspidophylline A

PhNHNH,

L

K2CO3, MeOH
TFA. DCE, 40 °C
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(one-pot)
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1) MetSThion®
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2) formic acid, EDAC
DMAP, CH,Cl,

71%

27 (-)-Aspidophylline A (3)



Enantioselective Total Synthesis of (+)-Strictamine, (=)-2(S)-Cathafoline
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Enantioselective Total Synthesis of (+)-Strictamine, (=)-2(S)-Cathafoline

1) MSC|, Et3N, CH2C|2
2) LiCl, THF
77%

Y

29

1) PCC, CH,Cl,

\

2) MetSThiol®, Cs,CO3, CHyCN
Hs” N g

quantitative yield

1) HCHO, NaBH3CN, AcOH, CH5CN
2) MetSThiol®, Cs,CO3, MeCN

()-2(S)-Cathafoline (2)



Retrosynthesis of (-)-Vincorine

OMe
(-)-Vincorine (1) Echitamine (2)
radical Synthetic Challenges
cyclization 1) pentacyclic caged structure
2) strained 7-membered ring
3) enantioselective catalysis
LG
/ NHR
e N O
\ H NN MeO
N > N\ 7/
X Diels-Alder
iminium cyclization N
CO,Me cascade }Vle
OMe 3 vinyl tryptamine 4

MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2013, 135, 6442.



Enantioselective Total Synthesis of (-)-Vincorine

NHBoc

1) NaH, DMF, 0 °C; Mel.

MeO

ZnCl,, -78 °C,

XPhos precatalyst
AN\ 67%

Ir=z

Boc

CHO
CO,Me

OMe

2) "BuLi, DME, 40 °C;
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Enantioselective Total Synthesis of (-)-Vincorine

E‘oc Eoc
Me\ H Me\ H
N N 1) TFA, RT
COOH CICOOBu, N-methylmorpholine, THF COTePh 2) NaBH(OAc); -
Lo,Me PhTeTePh, NaBH,, MeOH Lo,Me CHClp, RT
/\StBu
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11 12
S'Bu
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Summary

(+H)-Strictamine

1) [3.3.1]-azabicyclic core:
gold-mediated cyclization

2) introduction of the key C7 quaternary stereocenter:
reductive interrupted Fischer indolization reaction

3) 27 steps and 0.9% overall yield

Garg, N. K. et al. J. Am. Chem. Soc. 2016, 138, 1162.

OMe
(-)-Vincorine

1) tetracyclic alkaloid core:
stereoselective organocatalytic Diels-Alder,
iminium cyclization cascade sequence

2) seven-membered azepanyl ring system:
single electron-mediated cyclization

3) 9 steps and 9% overall yield

MacMillan, D. W. C. et al. J. Am. Chem. Soc. 2013, 135, 6442.



The akuammiline alkaloids are a family of bioactive natural
products that have been studied for over a century. To date, over
30 akuammilines have been isolated, examples of which are
shown in Figure 1 (1-6). These natural products can be divided
into four structural subclasses, with completed total syntheses
recently reported in three of these categories. Aspidophylline A (3),
an example of the furoindolinecontaining subclass, has been
accessed synthetically by our group and the laboratories of Zhu
and Ma. In addition, our laboratory has completed the total
synthesis of picrinine (6), a C5-oxidized akuammiline. With regard
to the skeletally rearranged akuammilines, breakthroughs include
total syntheses of vincorine (4) by Qin, Ma, and MacMillan, and
total syntheses of scholarisine A (5) by Smith and Snyder.



In summary, we have completed the first total syntheses of two
akuammiline natural products that possess a methanoquinolizidine
core. Our asymmetric approach to 1 and 2 features a gold-
mediated cyclization to assemble the [3.3.1]-azabicyclic core of the
natural products, a reductive interrupted Fischer indolization
reaction to introduce the key C7 quaternary stereocenter and
access late-stage compounds, and a series of carefully executed
late-stage transformations to complete the total syntheses.
Moreover, we have also completed the first enantioselective total
synthesis of aspidophylline A (3). These studies constitute new
achievements in the popular area of akuammiline alkaloid
synthesis, and provide many lessons that should impact future
endeavors in the synthesis of complex molecules.



Enantioselective Total Synthesis of (-)-Vincorine

Enantioselective Organocatalytic Cascade Sequence
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Enantioselective Total Synthesis of (-)-Vincorine

(TS-A) Proposed Asymmetric Diels-Alder Transition State

~ enantioselective
iminium Diels-Alder

MeO



Enantioselective Total Synthesis of (-)-Vincorine

Organocatalytic Diels-Alder/Cyclization Cascade

Boc

Me\ N H
NHBoc MeOZC\NO N
> CHO
cat. 6°HBF,4, MeCN
20 mol% CO,Me
OMe OMe
4 7
entry HX T (°C) t (h) yield (%)?2 ee (%)P
1 HCIO, 0 4 38 88
2 HCI 0 4 25 73
3 HBF, 0 4 71 93
4 HBF, -10 6 75 94
5¢ HBF, -10 6 62 94
6 HBF, -20 6 73 (70)d 95

2 Yield based on SFC analysis relative to an internal standard; ? Determined by SFC analysis; ©
Reaction run with 5% v/v water; 9 Isolated yield.

|



Enantioselective Total Synthesis of (-)-Vincorine

Evaluation of Radical Cyclization Substrates

PhCI, heat
Me\ H sealed tube

-
L

COX
CO,Me

radical precursor
OMe

13

OMe

14

entry COX conditions conc. (mM) conv. (%) yield (%)?2
0 S N
1 )k@ 120°C, 1 h 4 100 18
‘1‘3. O/N >
120°C, 3 h
2 i © BugSng, hv 4 38 17
% sé 120°C, 5h
3 BugSN,, hv 4 85 17
4 120°C, 12h 6 100 8
O
5 %)LTGQ 160 °C, 12 h 6 100 31
6P 200°C, 10h 6 100 51¢

2Yield based on '"H NMR analysis; ? 1,2-Dichlorobenzene used as solvent. ¢ Isolated yield.




Enantioselective Total Synthesis of (—)-Aspidophylline A

Fischer Indole Synthesis
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