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Introduction

Jervanine Veratramine Cevanine

Steroid Skeleton C-nor-D-homo Steroid Skeleton

® Widely Distributed Across Various Species of Veratrum and Zigadenus

® Unique C-nor-D-homo Steroid Skeleton
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Introduction

(-)-Zygadenine (-)-Germine (—)-Protoverine Alkamine of Veramadine A

® Unigue C-nor-D-homo Steroid Skeleton
® Highly Oxidized Members of the Cevanine Subgroup

® Antihypertensive Properties

Guo, Y.; Fang, R.; Jiao, Y.; Liu, J.; Lu, J.; Luo, T. Nat. Commun. 2024, 15, 7639



Retrosynthetic Analysis

R'=R? = H, R® = OH: Zygadenine (1)
R'=H, R? = R® = OH: Germine (2)
R'=R? = R® = OH: Protoverine (3)
R' = R® = H, R? = OH: Alkamine of Veramadine A (4)
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Retrosynthetic Analysis
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Retrosynthetic Analysis
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Syntheses of Compound 11 & 12

Me
Me
M i Boc
€ 1. 'PrCH,0OCOCI, NMM N 1. MeMgBr, THF
o MeNHOMe-HCI, EtzN H DBU 2. NaOH, MeOH _
l}l K 2. "BuLi, 2,5-dibromofuran 0 88% yield 3. TMSOTf, Et3N, DCM
Boc OH 91% yield over two steps Br \ l ¢ 49% yield over three steps
13 (>99% ee) 15 16 1
— COyH
) 0 o, d |
Me NaCN, TBAI Me 1.,/ O % o)
Br DCM/H,0 2. CSA, DCM/MeOH Me 1. '0,, then DMS, then Py, -78 °C -
—_— o o
O 97% yield O 56% yield over two steps 2. NaClO,, NaH,PO,, 2-methylbut-2-ene
</O H </O H CN MeO CN 87% yield over two steps
H MeO ! CN
14 (98% ee) 17 18 12




Mechanism of Compound 18 to 12

CHO




Retrosynthetic Analysis

Me

Elimination / Redox 0
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Synthesis of Compound 9

PrCH,0COCI, NMM
THF, 0 °C then reflux

92% yield
Intramolecular Diels-Alder

NaHMDS, then O,, -78 °C
then Na,SOg, rt.

75% yield

AIBN, "BuzSnH, then NaBH,
89% yield
Radical Cyclization

NaHMDS, CS,, then Mel
73% yield

AIBN, "BusSnH

85% yield
Barton Deoxygenation




Mechanism of Compound 21 to 9




Retrosynthetic Analysis

the Strategic
Oxygen Bridge




Synthesis of Compound 27

1. NaHMDS, TBSCI

2. OsO4, NMO
70% yield over two steps

1. DIBAL-H _

2. triphosgene, then TBAF B
45% yield over two steps

MeO
MeO 0]
9a (R'=TMS, R? = H)
H,>O,eurea, TFAA, Na,CO
9b (R'=H, R? = TMS) e 81% yield e
(ratio ~2: 1)

CSA, PhCH(OMe),
then TBSCI, Im.

66% yield

Cp,TiCl, Zn

-
-

70% yield




Mechanism of Compound 25 to 26

Cp,TiCl
SET

H+
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Synthesis of Compound 8

OsQy, pyridine

58% yield, (75% brsm)

Hydroboration Reduction

Bamford - Stevens Olefination

1. TSNHNH, AcOH, rt.
then CatBH, silica gel, -40 °C

2. AcONa, toluene/CHClj, reflux
60% yield over two steps

1. triphosgene, pyridine
2. DBU, toluene, reflux

3. CSA, PhCH(OMe),
70% yield over three steps

MeO

Pd/C, H,, then MeONa
68% yield

CSA, PhCH(OMe),
then TBAF, MnO,

68% yield

Me




Mechanism of Compound 31 to 8
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Retrosynthetic Analysis

R' = R? = H, R® = OH: Zygadenine (1)
R'=H, R? = R® = OH: Germine (2)
R'=R? = R® = OH: Protoverine (3)
R' = R® = H, R? = OH: Alkamine of Veramadine A (4)

A%7_Alkene
Redox / Protection

Approach B

Me

C3 Reduction / Elimination /
A%4.Alkene Dihydroxylation / Protection

Ph >

Approach A
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Retrosynthetic Analysis

A%7_Alkene
Redox / Protection




Approach A

Os0Oy, pyridine

85% yield

Woodward cis-Hydroxylation

AgOAc, |,, HOAC

’

70% yield

50




Approach A

1. HClI (aq.), THF

2. NaBH,, MeOH/DCM
79% yield over two steps

NaHMDS, TBSCI, then Bz,0

80% yield

TBS O\\“"‘

IBr, MeCN
85% yield

Me

TsCl, pyridine

then ‘BuOK AIBN, "BuzSnH, then TBAF

A

81% yield




Mechanism of Compound 51 to 52

Me Me
Jh Jh
0 0
Br{\—l ‘Me > ‘Me
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OTBS PH Ph OTBS PH Ph
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Retrosynthetic Analysis

C3 Reduction / Elimination /
A34-Alkene Dihydroxylation / Protection

Ph 7




Synthesis of Compound 7

HCI (aqg.), THF
96% yield

NaBH,
82% yield

TsCl, pyridine, then ‘BuOK
80% yield

Me

BOMCI, DIPEA, TBAI 1. OsQy,, pyridine

97% yield 2. TBSCI, imidazole, DMAP

29% yield over two steps




Retrosynthetic Analysis

R' = R? = H, R® = OH: Zygadenine (1) 67
1_ 2 _ p3_ i . A®%’-Alkene
R'=H, R =R = OH: Germine (2) Redox / Protecti Approach B
R! = R? = R3 = OH: Protoverine (3) edox /Frotection
R' = R® = H, R? = OH: Alkamine of Veramadine A (4)




Synthesis of (-)-Zygadenine

Pd/C, H,, then TBAF

Me
(0] $
DMP, DCM 39 Q
65% yield quantative yield O; Ph
BOMO

TMSCI, HMDS

1. [Ir(coe),Cl],, Et,SiH,
79% yield

2. HCI/EtOH, DCM, then Pd/C, H,
70% yield over two steps




Retrosynthetic Analysis

R' = R? = H, R® = OH: Zygadenine (1) 67
1_ 2 _ p3_ i . A®%’-Alkene
R'=H, R =R = OH: Germine (2) Redox / Protecti Approach B
R! = R? = R3 = OH: Protoverine (3) edox /Frotection
R' = R® = H, R? = OH: Alkamine of Veramadine A (4)




Synthesis of Compound 37

NaHMDS, Bz,0
97% yield

IBr, MeCN

buffer (pH = 7)
56% yield




Synthesis of Compound 4

Me

1. NaHMDS, CS,, then Mel DMP
R ) u—
2. AIBN, "Bu3SnH, then TBAF 84% yield Ph

72% yield over two steps

[Ir(coe),Cl],, Et,SiH,, then HF

62% yield over two steps




Syntheses of (-)-Germine & (—)-Protoverine

Me

44
Me
AIBN, "BusSnH Q DMP 1. PA(OH),/C, H,
> Ph — > Ho
then BOMCI, then TBAF o 72% yield 2. [Ir(coe),Cl],, Et,SiH,
89% yield then HF OH
M 45% yield over two steps
BOMO BOMO HO
-
OH HO' (0]
1. TEMPO, "Bu3SnH
2. UHP, TFAA
70% yield over two steps
Me Me Me Me
47 Mo 48 Mo (=)-Protoverine (3)
S O & O ..‘\\Me
1. NaBH, DMP 1. Pd(OH),/C, Hy OH
> >*Ph - > >*Ph _'
2. BOMCI, then TBAF 78% yield 2. [Ir(coe),Cl],, Et,SiH

: O o) 22, =202 OH

69% yield over two steps then HF

M %)B oM 53% yield over two steps
BOMO BOMO HO & “OH
OH  OBOM 0 ' OBOM HO OH
32



Summary

(-)-Zygadenine (-)-Germine (—)-Protoverine Alkamine of Veramadine A

® Stereoselective Intramolecular Diels-Alder Reaction
® [Late-Stage Neighboring-Group Participation Strategy

® Divergent Syntheses

Guo, Y.; Fang, R.; Jiao, Y.; Liu, J.; Lu, J.; Luo, T. Nat. Commun. 2024, 15, 7639



Writing Strategy

» First paragraph

B The Veratrum alkaloids constitute a family of steroidal alkaloids charact-

erized by a unique C-nor-D-homo steroid skeleton. These alkaloids are

Species and Structure widely distributed across various species of Veratrum and Zigadenus,

comprising three subtypes (jervanine, veratramine, cevanine) and encom-

passing over 200 compounds.

l B Notably, several members of this alkaloid family are recognized for their
distinctive biological activities or toxic effects. For instance, cyclopamine and

jervine exhibit pronounced teratogenicity by blocking the Hedgehog signaling

Biological Activities pathway; zygadenine, found in death camas species, induces poisoning in

livestock; germine and protoverine demonstrate antihypertensive properties,
and veratridine binds to voltagegated sodium channels, acting as either an

agonist or antagonist in a context- and subtype-dependent manner.



Writing Strategy

» Last paragraph

B In summary, we have developed a successful divergent approach for the syntheses
Summar
y of (=)-zygadenine, (-)-germine, (-)-protoverine and the alkamine of veramadine A.
l B The primary challenge lay in achieving chemo-, regio- and stereoselectivity during

the late stage transformations, especially redox sequence, within this complex and
Challenges and 0 P Y : g

Committed Steps highly oxidized framework. Ultimately, the functionalization of the C6-C7 alkene

using neighboring-group participation (C9-OBz) after the introduction of the

l protected C4-OH proved to be an essential tactic.

B This synthetic strategy not only provides a pathway to access other important

Prospect members of the Veratrum family of alkaloids but also offers opportunities for further

exploration of their pharmacological properties.



Representative Examples

® The final steps involved the same global deprotection and amide reduction sequence as previously

utilized for 4, culminating in the total synthesis of (-)-protoverine (3). (LA...55%2%)

® Sequential global deprotection and final amide reduction then afforded (-)-germine (2) in 45% yield

over two steps. (FEEEIRIF)

® The marginal preference for reducing C6,C7 diones from the bottom face might be attributed to the

presence of an angular C19-methyl group... (adj. /N8, A BIERY)
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