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What is a Dapniphyllum Alkaloid

Chem. Rev. 2017, 117, 4104−4146

Select daphniphyllum alkaloids
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Biological Activity

Chem. Rev. 2017, 117, 4104−4146



Initial Biosynthetic Studies

Tetrahedron Lett. 1973, 14, 799-82.; Tetrahedron Lett.1973, 14, 2129-2132.
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Aq. Solution of 14C
Labeled-mevalonic acid

Daphniphyllum
macropodoum

12 days;
Isolation of components

In leaves by prep TLC

2M Aq. NaOH/MeOH;
Prep TLC

Chemical
Degradation

Additional 14C labeling, 3H labelling indicated further evidence of MVA incorporation
- 14C labelled squalene showed incorporation into the above species
- Similar behavior observed with daphnilactone B

14C incorporated

1. NaIO4
2. NaBH4



Biosynthestic Proposal: Suzuki and Yamamura

Tetrahedron Lett. 1973, 14, 799-82.; Tetrahedron Lett.1973, 14, 2129-2132. Pure Appl. Chem. 1989, 61, 289-292.
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Biosynthestic Proposal: Suzuki and Yamamura

Tetrahedron Lett. 1973, 14, 799-82.; Tetrahedron Lett.1973, 14, 2129-2132. Pure Appl. Chem. 1989, 61, 289-292.
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(±)-methyl homosecodaphniphyllate

J. Am. Chem. Soc. 1988, 110, 8734-8736.; First gen: J. Am. Chem. Soc. 1986, 108, 5650-1
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1. LDA, THF, -78 °C;

then A;
then B, -78 °C to r.t.

87%

N

O

BnO

MeO2C
R

2. DIBAL

3. NaOH, H2O/EtOH, 95 °C
4. LiAlH4

77% (three steps)

HO
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BnO

HO

R

OHC
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BnO

OHC

5. (COCl)2, DMSO
Et3N, CH2Cl2

CO2Me

A B

I

6. NH3, CH2Cl2

HN HN

BnOBnO

HN

CO2Me

8. H2, Pd/C, HCl

9. CrO3, H2SO4
10. MeOH, H2SO4
85% (three steps)

methyl
homosecodaphniphyllate

From -valerolactone in
two steps

7. AcOH

77%
(three steps)

2nd generation synthesis of the first synthesized daphniphyllum alkaloid



Heathcock’s Hypothesis

Pure Appl. Chem. 1989, 61, 289-292.
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What about the other scaffolds?



Heathcock’s Hypothesis

Pure Appl. Chem. 1989, 61, 289-292.
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Synthesis of proto-daphniphylline

Science 1990 248, 1532-1534.; J. Org. Chem. 1992, 57, 2554-2566.
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Synthesis of proto-daphniphylline

Science 1990 248, 1532-1534.; J. Org. Chem. 1992, 57, 2554-2566.
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Relevant Intermediates



An Accident? 

Angew. Chem. Int. Ed. 1992, 31, 665-681; PNAS 1996, 93, 14323-14327.
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Glycine performs the same cyclization in 38% yield



Heathcock’s Hypothesis

Pure Appl. Chem. 1989, 61, 289-292.
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The Missing Link: From secodaphnane to daphnane

Angew. Chem. Int. Ed. 1992, 31, 665-681.; J. Org. Chem. 1992, 57, 2585-2594.; J. Org. Chem. 1995, 60, 1131–1142
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89%

O

OO
H

OHC

OHC

O
H

5. LiAlH4, Et2O, 0 °C

6. COCl2, DMSO
Et3N, CH2Cl2, -78 °C

HN

O

7. NH3
8. AcOH, NH4OAc

45 °C
42% (two steps)

9. H2, Pt2O, EtOH, r.t.

10. DIBAL, PhMe, reflux
70% (two steps) HN

OH

HN

11. CrO3, H2SO4, COMe2
r.t.

12. CH2O, pH 7, r.t.
50% (two steps)

O

O

daphnilactone A

11. CrO3, H2SO4, COMe2, r.t.
12. MeOH, reflux

94% (two steps)

HN

CO2Me

HN

CO2Me

13. PhNCO, CH2Cl2

14. HCO2H, reflux

methyl
homodaphniphyllate



calyciphylline A-Type Skeletons

Nat. Prod. Rep., 2009, 26, 936–962.; daphneylline isolation: Org. Lett. 2009, 11, 2357–2359.; himalensine isolation: Org. Lett. 2016, 18, 1202-1205.
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Premier Members of the Class

Daphniphyllum longeracemosa
(daphenylline)

Isolation yield: 40mg from 60kg.
Structure determined from NMR

Biological Activity unknown

Distinguishing Features
• C22, nor-daphnniphyllum alkaloid
• Fused hexacyclic B ring
• Variety of oxidation patterns

on the B-F ring, including oxidation
on nitrogen

Daphniphyllum longeracemosa
(himalensine)

Isolation yield: 1.6mg from 12.3g
Structure determined from NMR

Kinase inhibitor

Yunnan province Himalayan 
Mountains

Putatitve Biosynthesis

First synthesis: Li, 2013 First synthesis: Dixon, 2017



daphenylline, Li (2013)

Nat. Chem. 2013, 5, 679-684.
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daphenylline, Li (2013)

Nat. Chem. 2013, 5, 679-684. 
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daphenylline, Li (2013)

Nat. Chem. 2013, 5, 679-684. 
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daphenylline, Li (2018)

Angew. Chem. Int. Ed. 2018, 57, 952-956.; Lu‘s [3+2]: J. Org. Chem. 1995, 60, 2906-2908. 
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daphenylline, Li (2018)

Angew. Chem. Int. Ed. 2018, 57, 947-951
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1. [Rh(cod)Cl]2, PPh3

AgBF4, H2, CH2Cl2
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daphenylline, Li (2018)

Angew. Chem. Int. Ed. 2018, 57, 952-956
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daphenylline, Zhai (2018)

Angew. Chem. Int. Ed. 2018, 57, 952-956
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daphenylline, Fukuyama (2016)

Angew. Chem. Int. Ed. 2016, 55, 6067 –6070
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Angew. Chem. Int. Ed. 2016, 55, 6067 –6070
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Retrosynthesis



daphenylline, Fukuyama (2016)

Angew. Chem. Int. Ed. 2016, 55, 6067 –6070
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daphenylline, Fukuyama (2016)

Angew. Chem. Int. Ed. 2016, 55, 6067 –6070
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daphenylline, Lu (2022)

J. Am. Chem. Soc. 2022, 144, 5750-5755.
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daphenylline, Lu (2022)

J. Am. Chem. Soc. 2022, 144, 5750-5755.
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daphenylline and himalensine A, Qiu (2021)

Angew. Chem. Int. Ed. 2021, 60, 9439-9443.
30

Another potential intermediate:



daphenylline and himalensine A, Qiu (2021)

Angew. Chem. Int. Ed. 2021, 60, 9439-9443.

1. s-BuLi, THF, -78 °C

2. PPh3, THF, r.t.
76% (two steps)
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himalensine A, Xu (2019)

Angew. Chem. Int. Ed. 2019, 58, 7390-7394.
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daphnezomine A-Type 

Nat. Prod. Rep., 2009, 26, 936–962.; daphnezomine A and B isolation: J. Org. Chem. 1999, 64, 7208-7212.
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Representative Members

Distinguishing Features
• Aza-adamantane core. First natural

product to be identified with such
a feature

• Some members contain a hemiaminal

Daphniphyllum humile
From 4 kg of leaves:

Daphnezomine A: 400 mg; not cytotoxic
Daphnezomine B: 45 mg: cytotoxicity was observed

in lymphoma and epidermoid carcinoma KB cells (0.46 mg/mL, 8.5 mg/mL)

Putatitve Biosynthesis

N

R

H

H

H

daphnezomine
A-type skeleton



dapholdhamine B, Xu (2019) 

J. Am. Chem. Soc. 2019, 141, 11713−11720
34



dapholdhamine B, Xu (2019) 

J. Am. Chem. Soc. 2019, 141, 11713−11720
35

All attempts with IMAM failed



dapholdhamine B, Xu (2019) 

J. Am. Chem. Soc. 2019, 141, 11713−11720
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All attempts with IMAM failed
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dapholdhamine B, Xu (2019) 

J. Am. Chem. Soc. 2019, 141, 11713−11720
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dapholdhamine B, Xu (2019) 

J. Am. Chem. Soc. 2019, 141, 11713−11720
38

No observation of oxa-Michael
With OH, or carboxy derivative



dapholdhamine B, Xu (2019) 

J. Am. Chem. Soc. 2019, 141, 11713−11720
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daphnezomines A and B, Li (2020)

J. Am. Chem. Soc. 2020, 142, 15240-15245.
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Retrosynthesis



daphnezomines A and B, Li (2020)

J. Am. Chem. Soc. 2020, 142, 15240-15245.
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O OTIPS1. H2, Rh/Alumina, EtOH;
Et3N, TIPSOTf
CH2Cl2, 0 °C

2. Se, chloramine-T
CH2Cl2, 0 °C
33% (two steps)

TsHN

OTIPS
Ts
N3. Allyl bromide

NaH, DMF
0 °C
93%

4. Pd(OAc)2 (cat.)

DMSO, O2, 60 °C
91%

TsN

O

5. A. neop
pTSOH·H2O
THF, 50 °C

80%

TsN

O

O

6. 9-BBN, THF;

then Pd(dppf)Cl2 (cat)
AsPh3 (cat.), B
aq. NaOH, 75 °C

7. TFA, CH2Cl2, 0 °C;
NaOH, THF
58%, C6 d.r.: >20:1
C20 d.r.: 1:1

TsN

O

OH

8. LaCl3·2LiCl, C

THF, 0 °C
9. Na-Napth, THF, -78 °C

then Boc2O, Et3N, 0 °C;
then DMP, CH2Cl2
63% (two steps)
C8 d.r.: 2.5:1

NBoc

OH

O

OBn

6

20

8

NBoc

O

OBn

10. Burgess Reagent

PhMe, 80 °C
90%

11. Bobbit's salt, MeCN

12. TMSCHN2, MeOH
r.t.;
then TFA, CH2Cl2, r.t.
61% (two steps)

H2N

O

CO2Me

TFA· HN

CO2Me

O

H

13. Fe(acac)3 (2.0 equiv.)

PhSi(OiPr)H2
THF/EtOH, 60 °C

32%

14. TFA

MeCN/H2O, 80 °C
53%

HN

CO2H

OH
daphnezomine A

TFA·

15. TMSCHN2

MeOH, r.t.
95%

HN

CO2H

OH
daphnezomine B

TFA·
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Key Takeaways:
- The biosynthesis of the daphniphyllum alkaloids has been somewhat established, 

predominantly through Heathcock’s synthetic studies
- The calyciphylline A family has received significant attention from the significant 

community
- Strategies vary: cycloaddition, electrocyclization, oxidative dearomatization, 

metal-catalyzed cyclizations.
- More complicated scaffolds, such as the daphnezomines, are finally being explored, 

despite being known for quite some time.

- Beyond Suzuki, Hirata, and Heathcock’s studies, very little on the biosynthesis, 
particularly the purported “enzyme-catalyzed” steps, have been explored.

- Given the biosynthetic proposal, a unified total synthesis of many daphniphyllum
alkaloids families would be interesting (see Li’s chemrxiv: 10.26434/chemrxiv-2022-
j8fzb)

- Synthesis of other families beyond the calyciphylline A series

Future Directions:



Further Reading
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Good overview
of synthesis

And synthetic studies

Heathcock’s accounts of
their biosynthetic work

Isolation and biosynthetic logic
Nat. Prod. Rep., 2009, 26, 936–962.;

PNAS 1996, 93, 14323-14327.

Chem. Rev. 2017, 117, 4104−4146

For an in-depth look at strategies
towards Calyciphylline A-type skeletons 

Nat. Prod. Rep. 2014, 31, 
550-562


