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1. Introduction

1-1. Neofinaconitine as a Norditerpenoid Alkaloids

Norditerpenoid Alkaloids

* Many norditeroenoid alkaloids have been used for . o
neofinaconitine

centuries as traditional Chinese and Japanese folk

0] OMe
medicines.! Ar07 J—NEt
* The isolation and identification of these alkaloids
enabled pharmacological studies that have revealed -3
their roles as ion-channel modulators. C14 proton OMe~ OMe
Propoged Sturucture
* Only a few norditepenoid alkaloids were total (Contradictory NMR data)
synthesized to date.” Figure 1. Structure of neofinacotine

1-2. Author’s Motivation

* Biological studies of neofinaconitine have not been reported because of its scarcity.
= need for chemical synthesis

* Two groups previously reported the isolation of neofinaconitine but the reported
spectral data revealed a discrepancy in the chemical shift of the C14 proton

(neofinaconitine vs. delphicrispuline).’

2. Results and Discussion
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2-1. Synthesis Challenges Mannich

*  Structural challenges (Fig.1): QT p— = 0
poly-cyclic fused core el HGOMe oyclization
structure densely . B OR
neofinaconitine (3) 7 ‘
functionalized. X ;Ziplfll‘ige
NI iels—Alder
* Synthetic strategy (Fig. 1): N
two D.A. reactions, a B | / TBSG
Mannich-type C11-C17 bond 8a (X = Bn)
8b (X =Et
formation, and radical C7-C8 ﬁ ( ) OTBS ﬁ Y
bond formation. 3 cyclopropene
fol) Diels—Alder
e
OR 10 11

Figure 2. Retrosynthetic analysis of neofinaconitine
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2-2. Cyclopropene/Cyclopentadiene Diels-Alder Cycloaddition and separation of

ragioisomer

Scheme 1. Synthesis of tricyclic 19 from cyclopropane 12 and cyclopentanone 14
TIPSCI (1.3 equiv)

B DIBAL (1.0 equiv) imidazole (2.5 equiv) Br MeLi (2.05 equiv)
—_—
> <co Me CH2Cls -78 —rt,1.5 h CH,Cly, 11,16 h ; :OTIPS THF, -78 °C, 15 min ~CH,OTIPS g_S_CFa
1

72%
TBSO TBSO

) H Pr )
. 11 (1.0 equiv) DIBAL : _>u Af TIPS: §—Si(’Pr)s
Mel (10 equiv) Et5N (3.8 equiv) Pr—J "y —ip
i 3 ) ¥ Pr H r
ﬁ Ag20 (1.4 equiv) ﬁ TBSOTH (1.9 equiv) N
—_— —_—
oM
CHoCly, 11, 13 d CHCly, 0°C, 17 h OMe “OTIPS OTIPS| KHMDS: e .5i —K -SiMe. TBS }s.%
HO MeO 16 17 (desired) s 8
14 15
16:17=1:1.6 Me\
Me ._..OMe o._N-ome
(o) (/\O>P\)L (1.5 equiv) N + HCI (3.0 equiv)
H, (balloon pre_ssure) H ]
NaOH (0.1 M) KHMDS (1.4 equiv) Pd/C (0.05 equiv) AlMe; (3.0 equiv)
16 +17 —————
° EtOAc, rt, 16 h toluene, rt, 4 h
THF, 20°C, 3h OMe OTIPS THF, reflux, 19 h OMe OTIPS
18 (and regioisomer) 19 (single regioisomer)

39% from 13

*  The D.A. reaction favored the contra-steric approach of the cyclopropene dienophile
11 to the cyclopentadiene.

* 19 could be separated from the regioisomeric mixture by column chromatography.

2-3. Azepinone/Silocydiene Diels-Alder Cycloaddiotion

*  First time to use dihydroazepine as a dienophile. Investigation and improvement of
regio-, endo/exo-, and facial selectivity of the transformation were conducted.
2-3-1. First Approach

Scheme 2. Syynthesis of cycloadduct 7 from Weinreb amide 19 and ¢-caprolactone 20

TBSO AN
MgBr . ) l Bn:
(1.5 equiv) TBSOTf (1.5 equiv)
/ KHMDS (1.5 equiv)

19 (0]
THF,0°C, 25min  THF, -78 °C, 30 min g@
I
OMe “otips o)
9 (ZE=>25:1) . , T
77% from 19 LiHMDS : Me3Si—N —SiMe;
O
(0] EtsN (4.0 equiv) TsOH BnN Br, (1.0 equiv) BnN
0 BnNH, (2.0 equiv)  SOgz+pyridine (2.0 equiv) (0.07 equiv) &/ EtsN (3.0 equiv)
—_—
neat, 120 °C, 20h  CH,CI/DMSO,t, 1.5h  toluene, CH,Cls,
reflux, 5 h 0°C-20°C,2h Br
21 22
20 56% from 20 86%
CO,Me
BnN
) X o) 9 (0.95 equiv) \
LiHMDS (2.05 equiv)
CICO,Me (1.00 equiv) HOp BnN CO,Me Sc(OTfs . OTBS + Br H oTBS
then PhSeCl (1.07 equiv) (1.9 equiv) \ ‘ (0.24 equiv)
22 —_—
THF, -78 °C, 40 min CHClp, o toluene (MS 4A),
0°C, 25 min 8a t, 8.5h oTIPS OMe ~orips
99% 23 7 (desired)

23:7=18:1,69%

* The D.A. cycloaddition provided complete regioselectivity and endo selectivity, but

low diastereoselectivity.
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2-3-2. Author’s Strategy

e To improve the

diastereofacial @ l X

selectivity of the

D.A. reaction, the ) </ B ) &) =
authors envisioned OMe ™ 5rips OMe
an alternative

9 36
siloxydiene 36.

Figure 3. Second generation of the diene 36

*  The authors hypothesized that

a sterically demanding bromine atom would restrict rotation and block the “back”

face of the diene, which favor the desired facial approach of the dienophile from the

“front” face.

Scheme 3. Improved synthesis of the D.A. cycloadduct

EtN o}
TBSO COQMe _ CO,Me
TBAF : ("BuyN)F ‘OMe (2 equiv) EtN
HBr/AcOH 2 steps
TBAF (2 equiv) (3 equiv) Br ab (49% from 20), SnCl, (0.5 equiv) \ o
19 Br H
THF, 0°C—1t, 25h  PhF, 0°C, 1 min CH4CN (MS 44), Br

rt, 16 h

36 (Z:E=>20:1) OMe
62% from 19 80% from 37 38 (single diastreomer), 87%

* By optimizing the reaction conditions (the Lewis acids and the solvent), a single

isomer with the desired stereochemical configuration was obtained.

2-4. C11-C17 Bond Formation by Mannich-Type N-Acyliminium Cycloaddition and
C7-C8 Bond Formation by Radical Cyclization
Scheme 4. bond formation of C11-C17 from cycloadduct 38 and C7-C8 from enol ether 42

(0]
CO,Me o
g N EIN 2 CO,Me
NMO: = /N y Et,
(0] 17 \ Br N
050, (25 mol%) B B/ o 77
38 NMO (1 equiv) Pb(OAc)4 (1.1 equiv)  DBU (3 equiv) r TfoNH (3.9 equiv)
~T

THF:H,0 = 3:1,1t, 14 h CHCly, rt, 10 min toluene, 0 °C, 30 min CHJCl,, 0°C, 20 h

OMe O Oome ©O

41
57% from 38

O com T §-5-CH,
Et 2M€ | CAN: (NH,)2ICe(NOg)e]
N 3
Br N ] MsCI (12 equiv) Bu3SnH (1.2 equiv)
CAN (4 equiv) Et3N (20 equiv) AIBN (2 mol%)
[e]
CH3CN:H,0 = 5:1, 60°C, 50 min CHyCly, 50 °C, 2.5h benzene, 80 °C, 30 min, 4 cycles
OMe O
OMe O
43 44
42 66% from 42 99%

* The use of the strong acid Tf,NH not only cleaved the cyclopropane, but also
catalyzed the formation of the C11-C17 bond.

*  To cleave the enol ether, C3 allylic oxidation using CAN was carried out.
3
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2-5. Completion of the Hexacyclic Skeleton of the Norditerpenoid Alkaloid

*  Both C1 and C16 ketones
were reduced by NaBH,

to produce a single
diastereomer.
*  Methylation reaction

(Mel, ‘BuOK) gave C1-O

and C16-O
monomethylated
compounds as

byproducts. C8 tertiary

alcohol was not
methylated.

*  Selective acylation of the
C4 tertiary alcohol in the
presence of C8 tertiary
alcohol occurred due to
steric shielding of the C8
alcohol by the C14- and

C16-methoxy groups.

46

a7

48

Scheme 5. Completion of total synthesis of neofinaconitine

TMSOTf (2.8 equiv)

Et3N (9.9 equiv) PhSeCl (1.5 equiv)

NalO4 (1.9 equiv)

CH,Cl,, 0 °C, 50 min CH,Cl,, 0 °C—1t, 20 min

H

2
Pd/C (9 mol%)  NaBH, (4.8 equiv)

THF, rt, 22 h

EtOAc, rt, 15h  MeOH, 0 °C, 30 min

LiBH,4 (4.9 equiv) CrOjz (1.4 equiv)

THF, rt, 30 min H>SO,4 (0.5 M), rt, 3h

0-No,BzClI (2.5 equiv)
DMAP (0.25 equiv)

LiAIH,4 (3.6 equiv) Et3N (8.5 equiv)

|
Meo HO o
46

51% from 44
OMe
MeO,C 7 L3t NEt

Mel (20 equiv)

fBuOK (1.0 equiv) “TH

THF, 0 °C, 45 min \ 16

48
40% from 47

Zn (10 equiv)
HCI (3.0 M, 10 equiv)

THF, 80°C, 3.5h benzene, 80 °C, 23 h

MeOH:H,0 =10:1, rt, 25 min

neofinaconitine, (+)-3
13% from 48

* The 'HNMR chemical shift of Cl4-proton of the synthesized compound was

unambiguously assigned. = Neofinaconitine

3. Conclusion

The authors achieved the total synthesis of neofinaconitine through two D.A.
reactions, a Mannich-type N-acyliminium cycloaddition and a radical cyclization as
key reactions.

They optimized the diastereofacial selectivity of the second D.A. reaction by
introducing steric bias to the diene.

The total synthesis elucidated the identity of the natural product as neofinaconitine.
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