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(-)-actumine isolated in 1929 from roots
of Sinomenium acutum
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Menispermum dauricum
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and exhibits anti-amnesic activity
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acutumine first synthesized by Castle et al. in 2009
Herzon et al. developed route to acutumine and dechloroacutumine in 2013

Reisman et al. developed route towards acutuminine in 2022
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Castle’s Synthesis of Acutumine

Building fragments towards radical-polar crossover

@ ©
| 1. Phsp” “OMe ClI | CHO
CHO KOtBu, THF
>
BnO OMe 2.1 N HCI, acetone, BnO OMe
oM A oM
© 82% €

Li, F. Castle, S. L. Org. Lett. 2007, 9, 4033-4036
Li, F.; Tartakoff, S. S.; Castle, S. L. J. Am. Chem. Soc. 2009, 131, 6674-6675



Castle’s Synthesis of Acutumine

Building fragments towards radical-polar crossover

@ ©
| 1. Phsp” “OMe ClI | CHO
CHO KOtBu, THF
>
BnO OMe 2.1 N HCI, acetone, BnO OMe
oM A oM
© 82% €

Li, F. Castle, S. L. Org. Lett. 2007, 9, 4033-4036
Li, F.; Tartakoff, S. S.; Castle, S. L. J. Am. Chem. Soc. 2009, 131, 6674-6675

1. NaC|02, NaH2P04
2-methyl-2-butene

2. PivCl, HN(OMe)Me-HClI
EtsN, CH,Cl,
90%

o

BnO

Me—N

OMe

OMe

OMe



Castle’s Synthesis of Acutumine

Building fragments towards radical-polar crossover

D _~ ©
1. PhsP” “OMe ClI I  CHO 1. NaClO,, NaH,PO,
CHO KOtBu, THF 2-methyl-2-butene
y
OMe 21N HCIA, acetone, Bno OMe 2. PIVCIEI”[3I_II\:\,I(((;)|—I:2?;)|'ZI€ HCI
82% OMe 90%
1. TESCI, Et3N,
DMAP, CH,Cl, TESO
90%
>
2. DIBAL-H, toluene
-78°C HO

91%

Li, F. Castle, S. L. Org. Lett. 2007, 9, 4033-4036
Li, F.; Tartakoff, S. S.; Castle, S. L. J. Am. Chem. Soc. 2009, 131, 6674-6675

o

BnO

Me—N

OMe

OMe

OMe



Castle’s Synthesis of Acutumine

Building fragments towards radical-polar crossover
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OTES
TESO iIPrMgCIH-LiCl Q
15-crown-5 TBSO o
y |
| THF
TBSO -20-0°C O OMe
then
63% BnO OMe

Li, F. Castle, S. L. Org. Lett. 2007, 9, 4033-4036
Li, F.; Tartakoff, S. S.; Castle, S. L. J. Am. Chem. Soc. 2009, 131, 6674-6675



TESO

TBSO

Castle’s Synthesis of Acutumine

Building radical-polar crossover precursor

OTES
iIPrMgCIH-LiCl Q
15-crown-5 TBSO o
v |

THF
-20-0°C O
then OMe

63% BnO OMe

Li, F. Castle, S. L. Org. Lett. 2007, 9, 4033-4036
Li, F.; Tartakoff, S. S.; Castle, S. L. J. Am. Chem. Soc. 2009, 131, 6674-6675

OTES
1. (R)-CBS cat.
BHg-THF Q
THF, 10°C
92%, 9:1 dr TBSO Cl
> |
2. MsCl, Et;N
CHCl; Q OMe
-25-0°C
65% BnO OMe



TESO

TBSO

Castle’s Synthesis of Acutumine

Building radical-polar crossover precursor

OTES
iIPrMgCIH-LiCl Q
15-crown-5 TBSO o
v |

THF
-20-0°C O
then OMe

63% BnO OMe

Li, F. Castle, S. L. Org. Lett. 2007, 9, 4033-4036
Li, F.; Tartakoff, S. S.; Castle, S. L. J. Am. Chem. Soc. 2009, 131, 6674-6675

1. (R)-CBS cat.
BH3*THF
THF, 10°C
92%, 9:1 dr

2. MsCl, Et;N
CH,Cl,
-25-0°C

65%

>

OTES

)

TBSO Cl

BnO

OMe

1. HFepyr
THF
72%

2. PCC
CH,Cl,
88%

TBSO

BnO

Cl

OMe

OMe



Castle’s Synthesis of Acutumine

Key radical-polar crossover to build spirocycle
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Constructing the propellane core
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Herzon’s Synthesis of Acutumine

Constructing propellane and spirocycle
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NIS, HCO,H

CH2C|2, 0°C-rt
3:1dr

OMe
OH
cl
002 %
MeO N
OMe Me

1. DMP, CH,Cl,

2. NaBH,4
EtOH, 0°C
28% (5 steps)




Herzon’s Synthesis of Acutumine

Divergent synthesis of two alkaloids

OH
Cl
[Rh(nbd)(dppb)]BF4 0. O H
H, (300 psi)
DCE, rt _P
H 17(%) OMe Me
acutumine
N OMe
OMe Me
H,, Pd/C
MeOH, rt
60% MeO
OMe Me
dechloroacutumine

Calandra, N. A.; King, S. M.; Herzon, S. B. Angew. Chem. Int. Ed. 2013, 52, 3642-3645



Reisman’s Synthesis of Acutuminine

Retrosynthesis
MeO MeO
Cl OH
deoxychlorination

H N o H

o= 70 >
MeO _"> MeO Me

° omeMe OMe

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine

Retrosynthesis
MeO MeO
cl OH Dieckmann
deoxychlorination H condensation
0> i 7oL > ?
MeO —N> MeO ”Ie
ome Me OMe

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine

MeO MeO
Cl OH
deoxychlorination
H \ o H
o= 70 >
MeO —"> MeQ Me
ome Ve OMe

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480

Retrosynthesis

Dieckmann
condensation

OTBS

retro-aldol

(o)



Reisman’s Synthesis of Acutuminine

Retrosynthesis
0 o)
MeO MeO MeO
cl OH Dieckmann OTBS 0 OTBS
deoxychlorination H condensation retro-aldol Me H
H A N A
o > o (o) ) ) (o)
o ’ O 7
> e > >
N MeO
MeO Me MeO Me
¢ ome Me OMe ome Ve °
[2+2]
\v/
07\ OTBS
—_—
Me H
7 >
N
o) Me

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine

Retrosynthesis
MeO MeO
cl OH Dieckmann
deoxychlorination H condensation
H AN
o= 7o~
MeO _:F> MeO Me
ome Me OMe
tBu
A
o S=0
/
CA
(0]

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480

retro-aldol Me
H \ H
° > 7 ° e
N
MeO Me
OMeMe ©
[2+2]
\v/
N Me 1,2-addition 0™ \\ OTBS
pyridone formation Mo H
e
| A\ Me < o)
. W
o) Me



Reisman’s Synthesis of Acutuminine
Formation of pyrrolidine

fo) (o)
g Me o\ o
PN
tBu N A — g
) Br | Me Me . HN” By
o) _ e
fo) fo) NaHMDS
THF, -78°C

(L 0o
90%, 98:2 dr

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Formation of pyrrolidine

(0]

Me
(0 MIAN OI 07N\ o
— | —
| N—Me M -S.. L-selectride g
e ., HN ‘tBu Me “tBu
0 *

HN”™
‘. Br THF, -78°C
- o »  TBSO Br
NaHMDS then imidazole
THF, -78°C TBSCI o o
90%, 98:2 dr DMF

v -78-23°C K)

98%

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Formation of pyrrolidine

M
T e

S
tBu” "N N — L — T 07N
Br | Me Me HN” By L-selectride Me AN-S gy 1. LIHMDS, then Mel = q

o S Br THF, -78°C _ TBSG. Br THF, -78-23°C
:
o~ Yo NaHMDS then imidazole 2. In(OTf)5
THF, -78°C TBSCI o~ Yo

K) 90%. 98:2 d U OMF acetone, rt
o, . r

76%, 2 steps
-78-23°C
98%

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Formation of pyrrolidine

° M
e
0N o 0" 0
{ - g - T 07 N\
| Me Me . HN" "By L-selectrifie Me . HN’S"'tBu 1. LIHMDS, then Mel —
Y o A _Br THF, -78°C mese A _Br THF, -78-23°C Me \
. > ]
. r o TBSO
NaHMDS then imidazole 2. In(OTf)3
90%, 98:2 dr 76%, 2 steps
K) -78-23°C K)
98%
Pd2dba3
AsPh; /—\
DMF, rt EtO SnBu3
94%
Y
07 N
Me \
TBSO

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



tBu” N
Br

.

Reisman’s Synthesis of Acutuminine
Formation of pyrrolidine

° M
e
(O M o 07N o
{ - g - T (O MIAN
| Me Me . HN" "By L-selectrifie Me . HN’S"'tBu 1. LIHMDS, then Mel —
Y o A _Br THF, -78°C mese A _Br THF, -78-23°C Me \
> - y
— TBSO
NaHMDS then imidazole 2. In(OTf)3
90%, 98:2 dr 76%, 2 steps
v -78-23°C K) ’
98%
Pd2dba3
AsPh, /—\
DMF, rt EtO SnBu3
94%
Y
1. 1,, acetone, rt 07N\ o
2. NaBH,4, AcOH — Il
MeOH 0°C-rt S
-
3. LiOH, H,0,,
MeOH, 0°C

53%, 3 steps

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Attempts towards Dieckmann

Q"N y 0\ OTBS
— e
Me \N hv Me H
TBSG - > O
o 1% PhH/pentane _N>
0.001 M, rt i Me
60%

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Attempts towards Dieckmann

OMe
o\ oTBS o OTBS
M
hv Me H LiOH (excess) o ¢ H
(0] >

1% PhH/pentane —N> MeOH, 70°C Moo __N>

0.001 M, rt \ N e Me
60%

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Attempts towards Dieckmann

OMe

(0]
07\ OTBS 0™ '\ OTBS BF 4+E4,0 0~ \ OTBS
M
hv Me H  LiOH (excess) . ¢ H mCPBA Me H
' o (o) ' ’ e o
1% PhH/pentane —N> MeOH, 70°C Yoo _N> CH,Cl, -
0.001 M, rt S Me e Me 0°C-rt MeO N
60% 71%, 2 steps

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Attempts towards Dieckmann

OMe

(0]
07\ OTBS 0™ '\ OTBS BF 4+E4,0 0~ \ OTBS
M
hv Me H  LiOH (excess) . ¢ H mCPBA Me H
' o (o) ' ’ e o
1% PhH/pentane —N> MeOH, 70°C Yoo _N> CH,Cl, -
0.001 M, rt S Me e Me 0°C-rt MeO N
60% 71%, 2 steps
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Reisman’s Synthesis of Acutuminine
Attempts towards Dieckmann

OMe

o
07\ OTBS 0™ '\ OTBS BF 4+E4,0 0~ \ OTBS
M
hv Me H  LiOH (excess) . ¢ H mCPBA Me H
> O > > o
1% PhH/pentane —N> MeOH, 70°C Yoo _N> CH,Cl, -
0.001 M, rt S Me e Me 0°C-rt MeO N
60% 71%, 2 steps
K,COj
MeOH, rt
quant.
MeO
OTBS
H Dieckmann
o= > RS
N
MeO
OMeNIe

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Attempts towards Dieckmann

OMe
o OTBS
M N LiOH (excess) o OTBS
¢ H MeOH, 70°C Me H
° > Y °

N then H,0, (excess) >
Me MeOH, rt MeO N

(o) fe) Me

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Attempts towards Dieckmann

OMe
07\ OTBS
Me LiOH (excess) 0 OTBS BFAELO
H MeOH, 70°C Me H 3°Ety
o > o »
> MeOH, 0°C-rt
then H,0, (excess) > ,
N 202 A
Me MeOH, rt MeO N 61%, 2 steps
o le) Me

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



(o)

Me

0\ oTBS
H
_N>
o) Me

Reisman’s Synthesis of Acutuminine

LiOH (excess)
MeOH, 70°C

>
then H,0, (excess)
MeOH, rt

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480

Me
(0]
MeO

o)

(o)

Attempts towards Dieckmann

OMe
OTBS
H

e

Me

B F3' Etzo

1. BF3°Et,0
mCPBA
CH2C|2, 0°C-rt

MeOH, 0°C-rt
61%, 2 steps

2. K,CO5
MeOH, rt
90%, 2 steps

MeO 0
Me OTBS
H
o (o)
MeO —:F>



Reisman’s Synthesis of Acutuminine
Attempts towards Dieckmann

1. BF3°Et,0 e
TN e LiOH (excess) o OTBS mCPBA Me OTBS
Me H MeOH, 70°C Me 4 BF3+Et,0 CHoCl, 0°C1t y
o > o)
> then H,0O (excess)> © > MeOH, 0°C-rt 2. K,CO4 o
Me MeOH, rt MeO N 61%, 2 steps MeOH, rt MeO e
° , o Me 90%, 2 steps MeO 4 Me

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Attempts towards Dieckmann

07\, OTBS
Me LiOH (excess)
H MeOH, 70°C
o >
_N> then H,0, (excess)
o Me MeOH, rt

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480

OMe
(o) oTBS
Me H
(o)
MeO _r\>
o) Me

(o)
1. BF3*Et,0 MeO
mCPBA Me oTBS
BF3°Et;,0 CH,Cl,, 0°C-rt H
> > 0~ 2
MeOH, 0°C-rt 2. K,CO
61%, 2 steps MeC§H, r? MeO _r?

90%, 2 steps

K,CO3, MeOH
88%
Dieckmann )(
MeO 0
o OTBS Y
H
HO
MeO _N>




Reisman’s Synthesis of Acutuminine
Attempts towards Dieckmann

(o]
MeO
0o \ OTBS
X
No= H Dieckmann
——— A .
- ° >
MeO N

lowering pKa of this C
could lead to this equilibrium

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Successful Dieckmann — Advancing to natural product

MeO 0
Ve OTBS TESOTf
2,6-lutidine
H
(o)
0 -~ CH,Cl,, -78°C
MeO - N 51%

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Successful Dieckmann — Advancing to natural product

MeO 0
Me OTBS TESOTf
2,6-lutidine NBS
(o) H '
o -~ CH,Cl,, -78°C THF/H,0, rt
MeO N 51% 77%

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Successful Dieckmann — Advancing to natural product

MeO 0 MeO
we ) OTBS TESOTf
" 2,6-lutidine NBS 1. KOtBu, tamyl alcohol
o > >
0 -~ CH,Cl,, -78°C THF/HL0, rt 2. Mel, K,CO
MeO)—— —y 51% 7% DMF. 40°C

57%, >20:1 rr

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine
Successful Dieckmann — Advancing to natural product

MeO 0 MeO
we ) oTBS TESOTf
" 2,6-lutidine NBS 1. KOtBu, tamyl alcohol
0 > >
0 -~ CH,Cl,, -78°C THF/HL0, rt 2. Mel, K,CO
MeO—)——1—N 51% 7% DMF, 40°C
MeO oHn Me 57%, >20:1 rr
Pd(OAC),
SPhos
K,COs
nBuOH, 60°C
91%
MeO
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Reisman’s Synthesis of Acutuminine
Successful Dieckmann — Advancing to natural product

MeO 0
Ve OTBS TESOTf
2,6-lutidine
H
(o)
0 -~ CH,Cl,, -78°C
MeO - N 51%

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480

THF/H,0, rt

MeO

1. KOtBu, tamyl alcohol

2. Mel, K2C03
DMF, 40°C
57%, >20:1 rr

Pd(OAc),
SPhos
K,CO3
nBuOH, 60°C
91%
MeO
MeO
OTBS 1. BCl3, 4A MS
CH,ClI,, -40°C
o i -
o -~ 2. TMSCHN,
MeO PhH/MeOH
OMe Me 0°C-rt
38%

3:1rr, 83% brsm



Reisman’s Synthesis of Acutuminine
Successful Dieckmann — Advancing to natural product

TESOTf
2,6-lutidine

CH,Cl,, -78°C
51%

MeO
OH
o H
° >
N
MeO
OMe Me

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480

NBS

THF/H,0, rt
77%

TASF (excess)
H,0O (excess)

DMF, 37°C

MeO

1. KOtBu, tamyl alcohol

2. Mel, K2C03
DMF, 40°C
57%, >20:1 rr

Pd(OAc),
SPhos
K,CO3
nBuOH, 60°C
91%
MeO
MeO
OTBS 1. BCl3, 4A MS
CH,ClI,, -40°C
o i -
o -~ 2. TMSCHN,
MeO PhH/MeOH
OMe Me 0°C-rt
38%

3:1rr, 83% brsm



Reisman’s Synthesis of Acutuminine
Deoxychlorination

MeO
OH
o H
° >
N
MeO
OMe Me

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



Reisman’s Synthesis of Acutuminine

Deoxychlorination
MeO MeO
cl
OH SN2, Sy1, double inversion
H
H
o) >& > 002

radical chlorination MeO N
MeO Me OMeMe

Martin sulfurane

CH2C|2, rt
90%
MeO
H
(o)
? >
N
MeO
OMeMe

Reisman, S. E. et al. Angew. Chem. Int. Ed. 2022, 61, €202117480



