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Akuammiline Alkaloids
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(-)-vincorine

- migration of C3-N bond to C2-N
- strained 7-membered azepanyl ring
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Vincorine and Corymine

OMe

(-)-vincorine

Isolation: Vinca minor (1962) V)

Structual features: pentacyclic caged structure

strained 7-membered azepanyl ring

Total synthesis: Qin (2009 (35 steps, racemic)) 3

Ma (2012 (18 steps, enantioselective)) 4
MacMillan (2013 (9 steps, enantioselective))

(+)-corymine

Hunteria corymbosa (1962) 2

hexacyclic caged structure
strained 7-membeed azepanyl ring
C16 extra carbon

Li (2017 (21 steps, racemic),
2020 (11 steps, 99% ee)) 8 7)
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Retrosynthetic Analysis
by MacMillan MeO,C 2~ 2°
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Diels-Aider reaction
OMe OMe OMe

(-)-vincorine

; Hemiacetalization
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(+)-corymine

by Li

Horning, B. D.; MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 6442.
Zhang, B.; Wang, X,; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.
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2. Total synthesis of (-)-Vincorine
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commercially available

n-BulLi
1,2-dimethoxyethane, -40°C
; ZnCl,, -78 °C to rt

Synthesis of Diene

; Mel

96%

ortho metalation
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1)  Horning, B. D.; MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 6442.

2) Biscoe, M. R; Fros, B. P.; Buchwald, S. L. J. Am. Chem. Soc. 2008, 7130, 6686.



Diels-Alder/Cyclization Cascade (I)

MeOZC\/\/
catalyst (20 mol%)
MeCN, -20 °C
y
70% yieled, 95% ee

Boc
/7

OMe
OMe
Diels-Alder | Me02C N\ 2° A
reaction -H*
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— —_ ?oc
HN
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1) Northrup, A. B.; MacMillan, D. W. C. J. Am. Chem. Soc. 2002, 124, 2458.
2)  Horning, B. D.; MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 6442. 9




Diels-Alder/Cyclization Cascade (Il)
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1) Northrup, A. B.; MacMillan, D. Am. Chem. Soc. 2002, 124, 2458. 10
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2)  Horning, B. D.; MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 6442.



hydrolysis

Enantioselectivity of Diels-Alder
— _ _
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Synthesis of Radical Cyclization Precursor

Boc

NaClO,,
THF/t-BuOH/H,0, 0 °C
o

96%

St-Bu

(1) CF3CO,H

(2)
o§/ StBu COTePh

NaBH(OAc);
CH,Cl,

65% (2 steps) OMe

(PhTe),, NaBH,
THF/MeOH, -10 °C

>
acyl telluridation

87%

(0

m)]\o/\r

N-methylmorpholine
THF, -10 °C;

OMe

Horning, B. D.; MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 6442.



Radical Cyclization (l)

o
radical cyclization

OMe OMe
condition solvent con\[loeAr]smn y[':zl ]d
Se, 120 °C, 5 h chlorobenzene 85 .
%" Ph BugSn,, hv (Hg lamp) (5 mM) 17
e g
Ph 200 °C, 10 h 1,2-dichlorobenzene 100 51b

(0.5 mM)

2 Yjeld based on 'H NMR analysis. P Isolated yield.

1)  Horning, B. D.; MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 6442.
2)  Chen, C,; Crich, D.; Papadatos, A. J. Am. Chem. Soc. 1992, 114, 8313.



Radical Cyclization (ll)

St-Bu St-Bu

OMe OMe

7-exo

OMe OMe

1)  Horning, B. D.; MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 6442.
2)  Chen, C,; Crich, D.; Papadatos, A. J. Am. Chem. Soc. 1992, 114, 8313.




Total Synthesis of (-)-Vincorine

Pd/C, H,
THF, -15 °C
>

hydrgenetion from H CO,Me

less hindered face
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Horning, B. D.; MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 6442.



Short Summary

Boc
/
MGOzc s /O y
NINF asymmetric
Diels-Alder reaction
OMe 2 steps from OMe
commercially available

compound - 9 steps syntesis

- asymmetric Diels-Alder reaction
- radical cyclization using acyl telluride

St-Bu

-«
radical cyclization cO

OMe OMe

(-)-vincorine

1)  Horning, B. D.; MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 6442.



Contents

3. Total synthesis of (+)-Corymine
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Retrosynthesis

7-menbered
CO;Me cyclization
CO,Me

hemiacetalization
C02Me

OH

(+)-corymine
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—

construction
of C, E-rings
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COZMG

1)  Zhang, B.; Wang, X.; Li, C. J. Am. Chem. Soc. 2020, 142, 3269. 18



Synthesis of 3-bromooxindole

HN Ns

Iz
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NBS, H,0
t-BuOH/THF

HN

B r\)%/

K,CO;
DMF

OH

BI'Br

Ns

HN

95%
(2 steps)

Br

HN

Ns

Br

Br

1)  Zhang, B.; Wang, X.; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.



Cu-Catalyzed Enantioselective Alkylation

o MGOzchOZMe o
Ns  Br [Cu], i-Pr,NEt, MS3A Ns  Br
HN N\)\/ CH,Cl,, -20 °C N\)v
<
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_____________________ >99% ee -—
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1)  Zhang, B.; Wang, X,; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.
2) Ma, S.; Han, X.; Krishnan, S_; Virgil, S. C.; Stolz, B. M. Angew. Chem. , Int. Ed. 2009. 48, 8037.



Proposed Mechanism of
Cu-Catalyzed Alkylation (l)
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1)  Zhang, B.; Wang, X.; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.
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Am. Chem. Soc. 2002, 124, 13097



Proposed Mechanism of
Cu-Catalyzed Alkylation (ll)
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1)  Zhang, B.; Wang, X,; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.
2) Ma, S.; Han, X.; Krishnan, S_; Virgil, S. C.; Stolz, B. M. Angew. Chem. , Int. Ed. 2009. 48, 8037.
3)
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Am. Chem. Soc. 2002, 124, 13097



Proposed Mechanism of

Cu-Catalyzed Alkylation (Il
"
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1)  Zhang, B.; Wang, X.; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.
2) Ma, S.; Han, X.; Krishnan, S.; Virgil, S. C.; Stolz, B. M. Angew. Chem. , Int. Ed. 2009. 48, 8037.
3)
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Am. Chem. Soc. 2002, 124, 13097



Installation of Alkyl Chain

EtO

Br alkyllithium

\)%/ Grignard reagent

Tf,0 Pd(PPh3),, (o-tolyl);P
2,6-lutidine borane A, K,CO3
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MnO, | oxidation of C3
65%
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1)  Zhang, B.; Wang, X.; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.



Attempted Construction of C,E-Rings

EtO EtO
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82%
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1)  Zhang, B.; Wang, X.; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.
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Construction of C,E-Rings (ll)
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1)  Zhang, B.; Wang, X.; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.




Formation of 7-membered Ring ()
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AN
~ oer,
1) 2L 12
HN OEt
CO,Me
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HK—>
CO,Me Bu3SnH or (TMS);SiH-mediated,
photoredox-catalyzed,

or cobalt-catalyzed
radical cyclization

; TMSOTf

72%

1)  Zhang, B.; Wang, X.; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.
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Formation of 7-membered Ring (ll)

Br

Pd(OAc), (20 mol%)
K2C03, BU4NC|, HCOzNa
DMF, 80 °C

-
reductive Heck coupling

46%

Ni(cod), (6 eq.)
Nal (10 eq.), Mg(OTf), (2 eq.)
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Ni-mediated cyclyzation
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Zhang, B.; Wang, X,; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.

Sole, D.; Cancho, Y.; Llebaria, A.; Moreto, J. M.; Delgado, A. J. Am. Chem. Soc. 1994. 116, 12133.
Nicolaou, K. C.; Roecker, A. J.; Follmann, M.; Baati, R. Angew. Chem., Int. Ed. 2002, 41, 2107.
Okamura, H.; Mori, N.; Watanabe, H; Takikawa, H. Tetraherdon Lett. 2018, 59, 4397.



Ni(cod),-Mediated Cyclization

X
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Zhang, B.; Wang, X,; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.

Sole, D.; Cancho, Y.; Llebaria, A.; Moreto, J. M.; Delgado, A. J. Am. Chem. Soc. 1994. 116, 12133.
Nicolaou, K. C.; Roecker, A. J.; Follmann, M.; Baati, R. Angew. Chem., Int. Ed. 2002, 41, 2107.
Okamura, H.; Mori, N.; Watanabe, H; Takikawa, H. Tetraherdon Lett. 2018, 59, 4397.
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Total Synthesis of (+)-Corimine

©
H—BH3
N\ KBH,4 Cs,CO3
MeOH toluene, 100 °C
o
CO,Me  from less lactonization
'S_COZMe hindered face
KBH, 95%

; i-Bu,AlH
-78 °C
from less
hindered face
82%

(+)-coryimne

1)  Zhang, B.; Wang, X,; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.




Extension to Other Family

Ac20le
; CF3CO2H
62%
OAc
(-)-3-epi-dihydrocormine
-17-acetate
(1) Sml,

THF/MeOH
(2) BF3'OEt2, Et3S|H
CH,Cl,

80%

(-)-2(S)-cathafoline

i-BuyAlH KBH4
toluene, -78 °C MeOH
7% 95%

LiCl
DMF, 120 °C
70%

(-)-deformylcorymine

(1) CS,, NaH, Mel
THF, 0 °(.? tort 82%
(2) (TMS)3SiH, AIBN
benzene, 80 °C
N

\ —
N

C02Me
H

(-)-10-demethoxyvincorine

Zhang, B.; Wang, X,; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.



Short Summary

o Ns
HN N
—_— —_—
Br
~Z "Br Br _ Br

asymmetric Suzu_kl

2 steps from addition Fouping

commercially available nucleophilic
compound « 11 steps synthesis cyclizatoin

* Cu-catalyzed asymmetric addition
* construction of C, E-rings on one step
* Ni-mediated 7-endo cyclization

<« D SE——

hemiacetalization . i
(+)-corymine Ni-mediated
cyclization

1) Zhang, B.; Wang, X;; Li, C. J. Am. Chem. Soc. 2020, 142, 3269. 32



Summary Br

P SBu l)\/
7 Ni-mediated

radical cyclization N
cyclization ; Hemiacetalization \
CO,Me
COTePh CO,Me

-
-
-
-

C02M9
r Z "Br
COzMe

(+)-corymine

/Boc HN Ns

N \ N
H asymmetric

OMe
: alkylation
asymmetric Br
Diels-Aider reaction \
by MacMillan OMe achiral indol derivative by Li
1)  Horning, B. D.; MacMillan, D. W. C. J. Am. Chem. Soc. 2013, 135, 6442. 33

2) Zhang, B.; Wang, X.; Li, C. J. Am. Chem. Soc. 2020, 142, 3269.



