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These are reviews you MUST READ:
F. Wang et al. Nat. Prod. Rep. 2010, 27, 528
B. Liu et al. Synthesis 2015, 47, 2691
Y. Qin et al. Nat. Prod. Rep. 2017, 34, 1044
M. Lautens et al. Synthesis 2019, 51, 3915
R. Sarpong, R. W. hoffmann et al. Angew. Chem. Int. Ed. 2020, 59, 10722
R. Sarpong et al. Chem. Sci. 2020, 11, 7538
Y. Qin et al. Acc. Chem. Res. 2021, 54, 22
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Isolation: Aconitum, Delphinium, Consolida, Spiraea...
over 1200 species
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atisine-type DA

N

R

Total Synthesis of the Atisine-type Alkaloids

Me

atisine
Hayase (1963, 1967), Masamune (1964)
Wiesner (1966), Kabuto (1988, 1990),

Wang (2012)

N

OH

O

Me

isoazitine
Wang (2012)

N

OH

Me

isoatisine
Baran(2014)

N OH
O

Me

spiramine C, 19S
spiramine D, 19R

Xu (2016)

N

OH

O

O

19

dihydroajaconine
Xu (2016)
Qin (2016)

Me

N

OH

HO
OH

Me

azitine
Ma (2018)

N

OH

Me

Me

OH

OHO

( )-stevoil

Baran's Synthesis of Isoatisine (2014)

hetidine-type DA

N

R

1. EDCI, HOBt, NH4OH
2. LiAlH4
3. P(O)(OEt)2Cl

Me

Me

OH

NH

P(O)(OEt)2

4. Co(acac)2, Et3SiH, O2

5. Amberlyst 15

6. Ac2O, DMAO
Me

Me

O

NH

P(O)(OEt)2

Me

OAc

7. NaBH4
8. TCDI, DMAP
9. (TMS)3SiH, AIBN

d.r. = 1:1
retro-aldol/aldol

Me

Me
NH

P(O)(OEt)2

OAc

Me

Suárez reaction

Me

N

P(O)(OEt)2

OAc

Me

10. PIDA, I2, hv

I

then K2CO3, MeOHMe

O

OH

MeI

40% yield
only one diasteromer reacts

11. Martin's sulfurane
12. SeO2, TBHPMe

O I

OH
13. ethanolamine

( )-isoatisine
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N
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O
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P(O)(OEt)2

Me
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N
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7. PIDA, I2, hv

8. NH2
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isomerization/
Mannich cyclization
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OH
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OH

N
H

atisine-type DA hetidine-type DA

9. LiAlH4
10. Ph2S2, AIBN

Me

OH

Me

OH

N

hetisine-type DA

P. S. Baran et al. J. Am. Chem. Soc. 2014, 136, 12592

Hofmann-Loffler-Freytag
reaction
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Qin's synthesis of dihydroajaconine and gymnandine

dihydroajaconine

Me

N

OH

HO
OH

O

CO2Me

CO2Me 1. PhCH2NH2, HCHO
2. PPh3MeBr

MeO2C

N

Bn

CO2Me
3. LiAlH4
4. MOMCl

HOH2C

N

Bn

CH2OMOM

5. (COCl)2, DMSO
6. N2H4, NaOH, 150 °C

Me

N

Bn

CH2OMOM

7. NaBH4
BF3 Et2O
Me3NOMe

N

Bn

CH2OMOM
OH

8. Pd/C, H2
9. ClCO2Me

Me

N

CO2Me

CH2OMOM
OH

10. Ac2O
11. NaI, AlCl3
12. DMP

Me

N

CO2Me

CHO
OAc

13. Ph3PCH3Br
14. PPh3, I2

Me

N

CO2Me

I

+

OMe

OMOM
H

SS
OMe

OMOM
H

O

Me

N

CO2Me

R1

R2

OMe

OH

R1, R2 = S(CH2)3S

HS SH

BF3 Et2O

15. nBuLi
16. HCl

Me

N

CO2Me

R1

R2

OMe

OH
17. PIDA
18. SmI2

IMDA

Me

O
N

CO2Me

R1

R2

R1, R2 =

19. Pd/C, H2
20. PPh3CH3Br

Me

N

CO2Me

R1

R2

-S(CH2)3S-

21. DMP, MeCN/
CH2Cl2/H2O

22. NaBH4

Me

N

CO2Me

OH

R1, R2 = -S(CH2)3S-

23. KOH, N2H4
24. isatoic anhydride
25. NaNO2, CuCl, HClMe

N

Bz

O

Me

N

Bz

OHHO
+

26b. Et3SiH
BF3 Et2O

Me

N OH

27a. AZADO, CuCl, air
28a. SmI2, then AcCl

Me

N

Ac OH

29a. NaH, CS2, MeI
30a. AIBN, nBu3SnH
31a. Red-Al
32a. SeO2, TBHP

Me

N

Et

OH

HMe

N

Et

OH 33a. DMP
34a. NaBH4, CeCl3

gymnandine

27b. SeO2
TBHP

Me

N

Bz

OH

OH

d.r. = 1:5

28b. Cp2ZrHCl
29b. BrCH2CH2OH

Me

N OH

OH

dihydroajaconine

HO

Me

N

Et

OH

gymnandine

26a. Cp2ZrHCl

Me

O
N

CO2Me

R1

R2

Qin's hetidine skeleton synthesis

Me OAc

N

Bz

O Me

steps
BF3 Et2O

H2O, CH2Cl2
Me

N

Bz

Me

OH

OH

Y. Qin et al. Angew. Chem. Int. Ed. 2016, 55, 392

Me

N OH

O

H2N
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Ma's synthesis of atizine and navirine C

Me

NMe

N

OH

azitine navirine C

CHO

OMe

OH
1. imidazole, TBSCl
2. PPh3CH2OMe Cl
3. NaBH4

4. SOCl2, pyr.
5. Mg

O

CN

1. NaBH4, CeCl3

OH

CN

OMe

OTBS

MgCl
6. t-BuMgCl CN

MgO

OMe

OTBS

then AcCl;
then NaBH4

CN
OAc

OMe

OTBS

OH
7. Martin's

sulfurane,
then TBAF

OAc

O

CN

OMe

OMeOAc
CN

9. SmI2
10. (CH2OH)2

OL. 2000, 2, 1477

13. TosMic,
t-BuOK

O

O

CN O

ONC

8. PIDA, MeOH,
then 105 °C

11. DIBAL-H
12. Swern [O]

Me

O

NMe2

Van Leusen
reaction

CN O

O
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14. LDA,
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O
CN O

O

CN O

O
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O
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N
H NH

16. Li/NH3

O
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N
H NHLi

O

OMe

N
H NHLi

O

OMe

N
H NH

O

OMe

N

17. TsOH
18. PPh3MeBr

Me

N

Me

N

OH

azitine

CN O

O

CN

Me

19. SeO2,
TBHP

15. Mn(dom)3,
TBHP,
PhSiH3

O

O

CN

Me

HN

16. Pd/C, H2,
AcOH
then
HCHO,
NaCNBH3

Me

N

Me
O

O

17. TsOH
18. LiHMDS,

Comin's
reagent

19. Pd(PPh3)4
Bu3SnCH2OH

Me

N

Me
O

O20. MsCl
21. NaH, hordenine

Me

N

Me

O

NMe2

navirine C

D. Ma et al. Angew. Chem. Int. Ed. 2018, 57, 6676

IMDA
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Total Synthesis of the Hetidine-type Alkaloids

hetidine-type DA

N

R

Me

MeN

O

OHO

septedine
Li (2018)

skeleton synthesis
R. Sarpong et al. Angew. Chem., Int. Ed. 2013, 52, 4854
P. S. Baran et al. J. Am. Chem. Soc. 2014, 136, 12592
Y. Qin et al. Angew. Chem. Int. Ed. 2016, 55, 392
D. Ma et al. Angew. Chem. Int. Ed. 2018, 57, 6676
M. Zhang et al. Angew. Chem. Int. Ed. 2018, 57, 937

Me

N

OAc

OH

talassimidine
Zhang (2021)

Me

N

OAc

OH

talassamine
Zhang (2021)

Li's Synthesis of septedine

HO
OEt

O
1. (MeO)2CH2, PTSA
2. MeONMe HCl

3. TBSO(CH2)4MgBr O

OMOM

OTBS

OMe

Ph3PI

(a)

4. (a), n-BuLi

OMe

OTBS

MOMO 5. TBAF
6. DMP

7. vinyl magnesium
bromide

OMe
MOMO

HO

8. [Ir(cod)Cl]2, (b),
Zn(OTf)2

OMe
HO

H

O

O

P N

(b)

9. PTSA
10. Na/NH3

11. PPTS,
ethylene
glycol

HO

H

O

O

12. TPAP, NMO
13. vinyllithium, MOMCl

MOMO

H

O

O

14. HCl (aq.)
MOMO

H

O

MOMO
O

15. LiHMDS

MOMO
O

16. HCl (aq.)
17. DMP
18. PPh3CH3Br

O

19. SeO2, TBHP
20. Crabtree cat.

O Me

O

O Me

N OMeO

21. NH2OMe HCl
22. m-CPBA
23. Pd(OAc)2, PIDA

OAc

24. H5IO6
25. t-BuOK, MeI
26. HClO4 (aq.)

O Me

O

OH

Me

OHC

27. H2NCH2CH2OH
NaBH4, neat

Me

MeN

O

OHO

septedine

21a. m-CPBA
22a. H5IO6
23a. t-BuOK, MeI
24a. HClO4 (aq.)

O Me

OMe

OHC

25a. H2NCH2CH2OH

O Me

OMe

N

OH

NaBH4

Me

MeN

O

HO OH

neat

Me

MeN

O

O

7-deoxyseptedine

A. Li et al. J. Am. Chem. Soc. 2018, 140, 9025

Carreira polyene
cyclization

anionic D-A
reaction
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Total Synthesis of the Hetidine-type Alkaloids

hetidine-type DA

N

R

Me

MeN

O

OHO

septedine
Li (2018)

skeleton synthesis
R. Sarpong et al. Angew. Chem., Int. Ed. 2013, 52, 4854
P. S. Baran et al. J. Am. Chem. Soc. 2014, 136, 12592
Y. Qin et al. Angew. Chem. Int. Ed. 2016, 55, 392
D. Ma et al. Angew. Chem. Int. Ed. 2018, 57, 6676
M. Zhang et al. Angew. Chem. Int. Ed. 2018, 57, 937

Me

N

OAc

OH

talassimidine

Me

N

OH

OH

talassamine

Zhang's synthesis of talassimidine and talassamine

M. Zhang et al. J. Am. Chem. Soc. 2021, 143, 7088

MeO

Br

COOH

1. SOCl2, then n-BuLi
(S)-4-benzyl-2-
oxazolidinone

2. (HCHO)3, TiCl4
3. TIPSOTf

MeO

Br

N

O

O

O

BnTIPSO

4. NaBH4
5. n-BuLi,

n-Bu3SnCl
MeO

SnBu3

OH

TIPSO
OBr

6. Pd(PPh3)4

MeO OH

TIPSO

O

7. TEMPO, NaClO,
methyl glycinate,
AgOAc, DBU

MeO N

TIPSO

O

CO2Me

O

OTIPS
NMeO2C

O
N

H

E

OMe

OTIPS

E = CO2Me

8. BnBr
9. PPh3CH3OMe Cl
10. SmI2

N

Bn

OMe

OTIPS

MeO
O

11. TiCl4, H2O;
MeI, t-BuONa

N

Bn

OMe

OTIPSO

Me

OHC

12. NaBH4, MsCl
13. NaOMe

OMe

OTIPS

Me

N

Bn

E

E = CO2Me

OMe

OTIPS

Me

N

Bn

14. I2, DIBAL-H
15. TsNHNH2, Rh2(Oct)4

O

16. DIBAL-H
OMe

OTIPS

Me

N

Bn

17. HBF4
18. Ac2O

19. Pd(OH)2, H2;
Boc2O

Me

O
N

OAcBoc

Me

O
N

OAcBoc

20. HF, DMP
21. pyrrolidine,

AcOH, MsCl

OMs

22. KOH, then
Tebbe reagent

Me

N
OHBoc

24. SeO2
25. NaBH4

Me

N
OHBoc

OH Me

N
OHBoc OMs

23. Li/NH326. ZnBr2, MnO2
Me

N
OH

OH

26. Ac2O

27. ZnBr2, MnO2

Me

N

OAc

OH

talassimidine
Zhang (2021)

talassamine
Zhang (2021)

OTIPS
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Total Synthesis of the Hetisine-type Alkaloids

hetisine-type DA

N

Me

N

O
spirasine IV
Zhang (2018)

Me

N

OH
spirasine XI
Zhang (2018)

Me

N

OH

nominine
Natsume (2004)
Gin (2006, 2008)

Me

N

OH

OH

cossonidine
Sarpong (2018)

N

OHRO

R = H: (+)-davisinol
R = Bz: (+)-18-benzoyldavisinol

Ding (2021)

OMe

MeO

OMe

OMe

MeO

OMe

1. t-BuLi,

2. NaN3
3. AcCl,

MeOH

O

Cl OMe

O

OMe

N3

OMe
H

Cl
N

O

Me

OMe

4. PBu3,
NaBH(OAc)3

OMe

O

OMe

N
H

OMe
H

Me

CN

Gin's synthesis of nominine

5. TFA N

Me

CN O

OMe

6. THF, 180 °C

N
OMe

O

Me

CN

N

Me

CN

O

OMe

Me CN

N

O
OMe

H

Me CN

N
H

O

OMe

1 (desired isomer) 3.6

7. NaBH4
8. SOCl2
9. AIBN,

n-Bu3SnH

Me CN

N

OMe

H

10. DIBAL-H
11. Ph3PCH2 HBrMe

N

OMe

H

H

12. Na, i-PrOHMe

N

O

H

H

13. MeOH,
pyrrolidine

Me

N

N

H

H

Me
O

N

H

HH

H

14. PPh3CH2 HBr
15. SeO2, TBHP Me

N

OH

D. Y. Gin et al. J. Am. Chem. Soc. 2006, 128, 8734
D. Y. Gin et al. Chem. Eur. J. 2008, 14, 1654

H H

H
H

H H

H
H

H H

H
H H

H

H H H H

H
H

H H

H
H

thermodynamic
equilibration

O

Me 1. AlEt2CN;
TBAT, Tf2O

OTf

Me

CN

2. DIBAL-H
3. Zn(CN)2,

Pd(PPh3)4

CN

Me

CHO

racemic

CO2Me

O

1) (S,S)-NHC
CuOTf, ZnMe2
then Tf2O

CO2Me

OTf

Me

(92:8 er)

2) DIBAL-H
3) Zn(CN)2,

Pd(PPh3)4

CN

Me

CHO

enantio-
specific

N N

Ph Ph

Ag

S
O

O
Me

Me
Me

N N

Ph

Ag

S
O

O
Me

Me
Me

O

O

Ph

(S,S)-NHC

Staudinger-
aza-Wittig
reaction
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Total Synthesis of the Hetisine-type Alkaloids

hetisine-type DA

N

Me

N

O
spirasine IV
Zhang (2018)

Me

N

OH
spirasine XI
Zhang (2018)

Me

N

OH

nominine
Natsume (2004)
Gin (2006, 2008)

Me

N

OH

OH

cossonidine
Sarpong (2018)

N

OHRO

R = H: (+)-davisinol
R = Bz: (+)-18-benzoyldavisinol

Ding (2021)

Sarpong's synthesis of cossonidine

R. Sarpong et al. J. Am. Chem. Soc. 2018, 140, 8105

H H

H
H

H H

H
H H

H

H H H H

H
H

H H

H
H

OMe

TBSO

+

O
MeO2C

6.110 °C
7. Pd/C, H2

O

TBSO

OMe

H

E

E = CO2Me

8. LiAlH4
9. TPAP, NMO

O

TBSO

OMe

H

11. LiHMDS, then
NC O

O

O

TBSO

OMe

H

O

O

12. CsF, MeCN

TfO

Br

TMS OMeTBSO

MeO

H

O
Br

OMe

O

O

13. Pd(PPh3)4
PhSiH3

TBSO

MeO

H

O
Br

OMe

O

OH
N

N
Me

Me

O

O

I

I

(DIH)

14. hv, DCE

TBSO

MeO

H

O
Br

OMe

15. TBAF
16. TEMPO, PIDA,

NH4OAc
17. LiHMDS, MeI

CN

MeO

H

O
Br

OMe

Me

18. Co2B, BH3
19. LiAlH4

Me

N
H

O

H

Me

OMe

20. n-BuLi, hv
Me

N

O

H

Me

OMe

21. Na/NH3
Me

O
N

O

H
H

Me H

23. HBr/AcOH
24. K2CO3, MeOH

Me

O
N

O

H
H

H H

25. Ph3PCH2 HBr

26. [Cu(MeCN)4]OTf,
MeObpy, ABNO, NMI

Me

N

O

H
H

H

Me

N

OH

H
H

H

28. SeO2
Me

N

OH

H
H

H
OH

22. pyrrolidine
Me

N

O

H

Me

O

cossonidine

N N

MeO OMe

MeObpy ABNO

N
O

NMI

N
NMe

27. LiAlH4

10. [Rh(PPh3)3]Cl,
TMSCHN2

O

TBSO

OMe

H

O

HO
OH

1. Me2SO4

2. Fe(NO3)3
Na/NH3

OMe

3. t-BuLi, (HCHO)n

4. LiAlH4

5. TBSCl
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Total Synthesis of the Hetisine-type Alkaloids

hetisine-type DA

N

Me

N

O
spirasine IV
Zhang (2018)

Me

N

OH
spirasine XI
Zhang (2018)

Me

N

OH

nominine
Natsume (2004)
Gin (2006, 2008)

Me

N

OH

OH

cossonidine
Sarpong (2018)

N

OHRO

R = H: (+)-davisinol
R = Bz: (+)-18-benzoyldavisinol

Ding (2021)

Ding's synthesis of (+)-davisinol

H. Ding et al. J. Am. Chem. Soc. 2021, 143, 10576

H H

H
H

H H

H
H H

H

H H H H

H
H

H H

H
H

O

EtO2C CO2Et

1. LDA, DIBAL-H
2. 2,2-DMP, PPTS

O

O O

Me Me

+

OMe

OTBSH

O

3. LDA, LiBr

O

O O

Me Me

H

OAc

OMe

OTBS

4. Ac2O, DIPEA
(S)-CF3-HBTM

O O

Me Me

H

OAc

OMe

OH5. L-selectride
PhNTf2

O

OTf

O O

Me Me

H

OAc

OMe

OTBS
6. Pd(PPh3)4,

LiCl, CO,

Sn(C2H3)4,
then TBAF

7. PIDA, MeOH

O O

Me Me

O

H

OAc ORR

8. Co(acac)2,
TMDSO, O2

O

O

H

O
O

O

Ac
Me

Me

OMe

OMe

O O

O

H

O
HO

HO

Ac

OH 9. SmI2
10. Ph3PCH3Br

acid work-up

11. BzCN
12. TEMPO,

NCS

O

H

O
BzO

O

Ac

OH

H

O
H

BzO

OH

13. PMBNH2,
then NaBH4

N

PMB

14. TBSOTf, Et3N
then DDQ

H

BzO

OTBS

N
OH

15. TCDI
16. AIBN, n-Bu3SnH

then TFA

H

BzO

OH

N

(+)-18-benzoyldavisinol

17. K2CO3, MeOH

H

HO

OH

N

(+)-davisinol (S)-CF3-HBTM

F3C

N

S

N

Ph

Kinetic
resolution

R = OMe



10

Chen Peng
01/11/2025Hu Lab Group Meeting Synthesis of Bicyclo[2,2,2]octane Diterpenoid Alkaloids

Total Synthesis of the Hetisine-type Alkaloids

arcutine
Li (2019)

Qin's synthesis of arcutinine and arcutinidine

1. Hantzsch ester
L-proline;

Me2SO4, K2CO3

7. LiAlH4
8. TsCl, Et3N
9. TMSTOf

arcutines

N
R

Me

N

OH OCOsBuH

H

Me

N

OH OCOiPrH

H
arcutinine
Qin (2019)

Me

N

OH OHH

H
arcutinidine

Qin (2019), Sarpong (2019), Li (2019)

O

+

OMOM
OMeO

H

OMOM
OMe

O

OMe

2. MeLi
3. TMSCN

OTMS
OMe

OTMS

Me
CN

4. MeLi;
then
ClCO2Allyl

5. Pd(PPh3)4;
then MOMCl

OMOM
OMe

O

Me
CN

6. PdCl2(MeCN)2;
then MOMCl

OMOM
OMe

O

Me
CN

Me

OMOM
OMe

TMSO

Me

Me

NHTs

10. Pd(OAc)2,
DAF

Me

N
Ts

TMS
O

H OMeO
MOM

2.5:1 d.r.

11. TBAF
12. DMP
13. TFA
14. PIDA

Me

N
Ts

O O

H

OMe

OMe

H

15. SmI2
Me

N
Ts

OH O

HH

H
Me

N
Ts

OH OH

HH

H 16. CH2(NMe2)2
Ac2O

17. NaBH(OMe)3

18. iPrCO2H, EDCI
19. Li/naphthalene

Me

N
H

OH OCOiPr

HH

H

20. PHIO, PhMe
Me

N

OH OR

H

H

( )-arcutinine (R = iPrCO)

( )-arcutinidine (R = H)
21. NaOMe

O

N N
DAF

OPiv

1. AlMe3, CuTC

O
O

P N

Ph

Ph

O

OPiv
Me

then aldehyde

OH

OMOM
OMe

2. Burgess
reagent

3. Pd/C, H2

O

OPiv
Me

OMOM
OMe

4. LiAlH4
5. DMP
6. NH2OH HCl
7. Burgess
reagent

8. TsOH
9. TMSCl

OTMS

CN
Me

OTMS
OMe

O

O

Y. Qin et al. J. Am. Chem. Soc. 2019, 141, 9712

palladium-catalyzed
aza-Wacker reaction
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Total Synthesis of the Hetisine-type Alkaloids

arcutine
Li (2019)

Sarpong's synthesis of arcutinidine

arcutines

N

R

Me

N

OH
OCOsBu

H

H

Me

N

OH
OCOiPr

H

H
arcutinine
Qin (2019)

Me

N

OH
OH

H

H
arcutinidine

Qin (2019), Sarpong (2019), Li (2019)

R. Sarpong et al. J. Am. Chem. Soc. 2019, 141, 13713

O

O

O
Me

1. BnNH2
NBn

O

O
Me

2. PPh3, AcOH

3. DBU, THF

OMe

OMe

MeO
+

OMe

MeO

BnN

Me

O

O

wittig reaction

4. TfOH
OMe

OMe
N
Bn

O

Me

OH

5. AlCl3

OAc N
Bn

Me

OAc

H

O

OH

OMe

OMe

6. Rh/Al2O3, H2
7. BF3 Et2O,

Et3SiH

N
Bn

OAc

O
OMe

OMe

Me
H

H

8. LiAlH4
9. Ac2O

N
Bn

OAc

OMe

OMe

Me
H

H

10. TMSI
11. Pb(OAc)4

HO

ON
Bn

OAc

O

OMe

Me
H

H
O

O

12. PhMe
110 °CMe

N
Bn

O

Ac
O OMe

O O

13. MeOH then
SmI2

14. Amberlyst 15
15. DMPMe

N
Bn

O
CO2Me

O

16. SmI2

17. KO2C
N

N
CO2K

Me

N
Bn

OH
CO2Me

OH

HH

H H

18. InCl3, Ph2SiHCl

Me

N
Bn

CO2Me

H H

19. LiAlH4
20. Mn(dpm)3,

PhSiH3, O2

21. Pd(OH)2/C, H2
22. NCS, DBU

Me

N

OH

H H

HO

Cl

23. MsCl
24. DBU, NaI

Me

N

OH

H

25. SeO2

Me

N

OH

H

OH

arcutinidine
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Total Synthesis of the Hetisine-type Alkaloids

arcutine
Li (2019)

Li's synthesis of arcutine, arcutinine, arcutinidine

arcutines

N
R

Me

N

OH OCOsBuH

H

Me

N

OH OCOiPrH

H
arcutinine

Qin (2019), Li (2019)

Me

N

OH OHH

H
arcutinidine

Qin (2019), Sarpong (2019), Li (2019)

A. Li et al. J. Am. Chem. Soc. 2019, 141, 13718

O

O

1. PPh3, Br2
2. NaBH4, CeCl3
3. Candida antarctica

Br

OH

4. TBDPSCl
5. t-BuLi, DMF

CHO

OTBDPS

+
O

O

1. PPh3, Br2
2. HOCH2CH2OH, PTSA 3. Pd(PPh3)4, vinyl magnesium bromide

6. BF3 Et2O

O

O

OTBDPS

H

CHO

7. vinyllithium,
MOMCl

8. HClO4 (aq.) O

OTBDPS

H

MOMO

9. LiHMDS;
TBAF

OH

H

MOMO

O10. SOCl2, pyr.

MOMO

O11. SnCl4

O

O

O

OO

O

H

H12. Mn(acac)2, O2
PhSiH3

13. RuCl3, NaIO4
14. PPh3CH2 HBr;

then TMSOTf

O

H

H
O

TMSO
16. SeO2
17. LiAlH4
18. CrO3 2pyr.

OHC

H

H

OH

O

H

H
O

OH15. LDA, MeOTf;
then TBAF

Me OMe

O

19. NH2OH HCl
then NaBH4

H

H

OH OHMe

ON
HO

20. TiCl3, NaBH3CN
Me

N

OH ORH

H
R = H, arcutinidine

R = COiPr, arcutinine

R = COtBu, arcutine

21. iPrCO2H, DCC 21. tBuCO2H,
DCC
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Total Synthesis of the denudatine-type Alkaloids

denudatines

N

R

Me

N

Et

OH

gymnandine
Qin (2016)

Me

N

Et

OH
OHOH

lepenine
Fukuyama (2014)

Me

N

Et

OH OH

OH

OH

cochlearenine
Sarpong (2016)

Me

N

Et

OH O

OH

OH

cochlearenine
Sarpong (2016)

O

OMe

OMe

Me

N
Et

OH OH

OH

OH

O

paniculamine
Sarpong (2016)

Fukuyama's Synthesis of the lepenine

T. Fukuyama et al. J. Am. Chem. Soc. 2014, 136, 6598

MeO2C Me

OH OMe

OH

+
1. PPh3, DEAD

OMe

O

MeO2C Me

2. DIBAL-H
3. vinylmagnesium

chloride

OMe

O

Me

OH

4. (EtO)3CMe, reflux

OMe

OH

Me

EtO2C

5. MsCl
6. O3, NaBH4
7. PivCl

OMe

OMs

OPiv

EtO2C

Johnson-Claisen/
Claisen rearrangement

8. LiOH (aq.)
9. TFAA

OMe

OMs

OPiv

12. DIBAL-H

13. DCC, DMAP

MeHO2C

OMe

OMs

O

O

Me

14. BHT, 160 °C

OMe

OMs
H

Me

O
O

10. vinylmagnesium
chloride

11. AgOTf

15. BH3, H2O2
16. DIBAL-H
17. EtNH2, NaBH(OAc)3

then AllocCl

OMe

OMs
H

Me

H
OH

OH
NEt

Alloc

OH

Me

N
Alloc

Et
OH OMs

OMe

18. DMP
19. Pd(PPh3)4

H

20. KOH then NaBH4
21. PIDA, MeOH

22. ethylene (70 bar)

Me

N

Et

OOH
OMe

OMe

Me

N

Et

OMs
O

OMe

Mannich
reaction

23. TBSOTf
24. SmI2

25. Red-Al
26. BH3, NaBO3

Me

N

Et

OH

O OH
TBS 27. DMP

28. KHMDS
HCHO Me

N

Et

OO
OH

TBS 29. NaBH4,
CeCl3

30. TBAF Me

N

Et

OH
OHOH

lepenine
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Total Synthesis of the denudatine-type Alkaloids

denudatines

N
R

Me

N
Et

OH

gymnandine
Qin (2016)

Me

N
Et

OH
OHOH

lepenine
Fukuyama (2014)

Me

N
Et

OH OH

OH

OH

cochlearenine
Sarpong (2016)

Me

N
Et

OH O

OH

OH

N-ethyl-1α-hydroxy-17-veratroyldictyzine
Sarpong (2016)

O
OMe

OMe

Me

N
Et

OH OH

OH

OH

O

paniculamine
Sarpong (2016)

Sarpong's Synthesis of the denudatine-type alkaloids

R. Sarpong et al. J. Am. Chem. Soc. 2016, 138, 10830

MeO

TBSO

OE

H

8. PhNTf2,
LiHMDS

9. NaCN, CuI
Pd(PPh3)4

MeO

TBSO

CNE

H

10. [Rh(cod)OH]2

OMe
OMOM(MeO)3B

Li

MeO

TBSO

CNE

H MeO OMOM

11. Red-Al
12. DMP
13. Ph3PCH2 HBr

E = CO2Me E = CO2Me E = CO2Me

MeO

TBSO

CN

H MeO OMOM

14. Rh(PPh)3Cl

Me N
OH

MeO

TBSO

CONH2

H MeO OMOM

15. PIDA
MeOH

16. TBAF

MeO

HO

NH

H MeO OMOM

OMe

O
17. (COCl)2,

DMSO

18. KOH,
CH2O

MeO

HO

NH

H MeO OMOM

OMe

O

HO

19. MsCl
20. KH

N

OMsO

OMeO

Me

H

MeO OMOM
21. NaI, Zn
22. HCl
23. PIDA, MeOH

Me

N

O

OMeO

Me

H

MeO
OOMe

24. heat
Me

N

OMe
O

O

OMe

OMeO

Me

H

25. Ph3CH2 HBr
then HCl (aq.)

26. PPh3COOLi

Me

N

OO

OMeO

Me

H
O

27. HBr/AcOH
then NaOH (aq.)

28. Ac2O
29. KOAc

Me

N

OO

OMeO

Ac

H
OH

OAc 30. Pd/C, H2
31. LiAlH4 Me

N
Et

OH OH

OH

OH

cochlearenine

32. H2O2 Me

N
Et

OH OH

OH

OH

O
paniculamine

MeO

MeO

Cl

O

32.

N-ethyl-1α-hydroxy-17-veratroyldictyzine

Me

N
Et

OH O

OH

OH

O
OMe

OMe


