Aconitine-type Alkaloids

C19- and C18- norditerpenoid alkaloids
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Aconitum and Delphinium Natural Products

Terms (used interchangably):
‘ e aconite alkaloids
d e Aconitum or Delphinium
alkaloids
e C19-norditerpenoid alkaloids
e delphinine alkaloid

R oo

Aconitum . .
Common name: “Wild Monkshood” Delphinium

by 2008, 672 individual, naturally occurring C19-diterpenoid alkaloids had been
isolated from 315 species of plants (but may contain repeats...)

92% of known C19-diterenoid alkaloids were isolated from the Aconitum and
Delphinium genera

Wang, F. —P.; Chen, Q. —H.; Liang, X. —T. in The Alkaloids: Chemistry and Biology, Vol 67 (Eds. Cordell, G. A.), Elsevier, New York, 2009, pp 1-78.
Wang, F. —=P.; Chen, Q. —H.; Lui, X. =Y. Nat. Prod. Rep. 2010, 27, 529.



Aconotine Classifications

6 general subclasses:

oxygenated at C7
Aconitine-type (A) Lycoctonine-type (B) Pyro-type (C)
(~351) (~284) (~8)

13

...... it qg

@)

Sevntti 16

Lactone-type (D) 7, 17-Seco-type (E) Rearranged-type (F)
(~12) (~12) (~5)
Baeyer-Villiger of C14 ketone ~ Missing C17-C7 bridge

Wang, F. —P.; Chen, Q. —H.; Liang, X. —T. in The Alkaloids: Chemistry and Biology, Vol 67 (Eds. Cordell, G. A.), Elsevier, New York, 2009, pp 1-78.
Wang, F. —=P.; Chen, Q. —H.; Lui, X. =Y. Nat. Prod. Rep. 2010, 27, 529.



Features of Aconitine-type Alkaloids

e typically oxygenated at C-1, C-6, C-8, C-14, C-16, and C-18
e typically only OH and OMe (C-1, C-16, C-18)

e ester groups can varied widely (C-8, C-14)

e most have an N-ethyl (very rare to be NH)

e characteristic hexacyclic core

Aconitine-type (A)
(~351)

A related class of C18-
norditerpenoid alkaloids
exist which lack the C18
carbon atom

MeO —NMe

MeO™ H
see lappaconitine 2 and \
( ppacon Ho HO0Mme
neofinaconitine 3) o , ,
talatisamine (4) chasmanine (5) 13-desoxydelphonine (6)

Wang, F. —P.; Chen, Q. —H.; Liang, X. —T. in The Alkaloids: Chemistry and Biology, Vol 67 (Eds. Cordell, G. A.), Elsevier, New York, 2009, pp 1-78.
Wang, F. —=P.; Chen, Q. —H.; Lui, X. =Y. Nat. Prod. Rep. 2010, 27, 529.



Pharmacological Activit

Originate in traditional Chinese medicine called “Cao-Wu”
(78 different species have be used in this medicine)

Representative biological activities include
e anti-inflammatory (although worse than NSAIDs)

e analgesic (w/o tolerance or physical dependence)
e antiarrhythmic

Aconitine-type (A) Disrupts sodium channels = some are horrible toxins

(~351) (can elicit arrhythmias)

Used in China as non-narcotic analgesics Used in China and Russia to treat

arrhythmia
Flaconitine (3-acetylaconitine) (264) Crassicauline A (210)

Lappaconitine
(Allapinin)

Wang, F. —P.; Chen, Q. —H.; Liang, X. —T. in The Alkaloids: Chemistry and Biology, Vol 67 (Eds. Cordell, G. A.), Elsevier, New York, 2009, pp 1-78.
Wang, F. —=P.; Chen, Q. —H.; Lui, X. =Y. Nat. Prod. Rep. 2010, 27, 529.



CHgzOCH,4

2
delphinine 1 talatisamine

2. Gin’s Total Synthesis of Neofinaconitine

NH, O
OMe
il
H 14
MeO HOOMe

neofinaconitine (3)



Wiesner’s Strateg

“..it was clear that with its bridged hexacyclic skeleton and seven substituents the delphinine
fortress could not be taken by direct assault of inexperienced troops” - Karel Wiesner

o--

I-lz"OCI-I3
2 delphinine 4 talatisamine

Hypothesis: Does the delphinine system originate from the related atisine natural products?

Subsequent isolation is
consistent with this:

H?_C _-OH
x "
7% o
HO .
H én '
atisine 3 S denudatine Hs

3 4 5 6
Weisner, K. Pure App. Chem. 1975, 41, 93.



Wiesner’s Retrosynthesis

MeO_: \ Meq

talatisamine / oxidation to imine &
spontaneous closure

rearrangment of [2+2]-ketene Birch reduction of
atisine skeleton photocycloaddition “aromatic intermediate”

Weisner, K. Pure App. Chem. 1975, 41, 93.



MeO

Svnthesis of the “Aromatic Intermediate”

MeO OAc MeO
O CN N “high yield” O
S e~
nea
= 150 °C

OAc 3d
1:1

H _ _
! ) OAc — —
oo
' TH H _ 4
_?I:f<OAC > J<OAC — 0 OAc
- HH / H Ac \
H
AcO /
AcO s 8.41
T
' (1.6 ppm)
(2.1 ppm)
unselective since both the anisole and cyano obey the endo rule .
AN
Jo=o
=

Weisner, K. Pure App. Chem. 1975, 41, 93.



Determining Structure of Decalin Systems

MeO 3 MeO MeO
Pd/C CNC;)AC "selective CNC;)H NaH CN(E)NIe
H, (1atm) hydrolysis" Mel
—_— e —_—
2a 97% dioxane
quant. H : loss of “upfield” H : H :
OAc acetate OAc Ohc
NaH
o 1. NaOH/H,0
e 4 | (equilibrate) 2
(:qwlllk;raltlon by then Mel .~ 26% 2. CrOs, pyr
retro-aldol opening dioxane 3. alkali, A

MeO MeO MeO MeO
OAc OAc OMe
O CN Pd/C CN 1. "selective CNOMe :
“ H, (1atm) hydrolysis"
e T _

qjgnt 2. NaH, Mel 4 :

H : H dioxane - H
OAc OAc H OAc O

1. NaOH/H,0 5
2.CrOg, pyr 6 MeO
stable upon

“reflux in alkali” CN MeO not
M
MeO OMe o
= cis configuration 0 o
is thermodynamic H
H
o)

MeO

isomeric mixture from cycloaddition could be forwarded together
but favors cis decalin
Weisner, K. Pure App. Chem. 1975, 41, 93.




Interconverting cis to trans

MeO MeO MeO
onqMe S-S ongMe soc|2 oNg
n-BuLi ‘
— —»
7
H O 96% OH 75% H |

H H
s7s s”°s SS

N

9 1. EtSSIH 95% 1. HgC|2, CdCO3
TFA, CH.CI, o 2. Pd/C, H,
10 2. HgCl,, CdCO; | 93%
MeO MeO
CN
NaBH,
~ 5
inversion of aq. THF |
ringJunction 4 pyBaco,| 15 OH 95% (2steps) H~ OAc
Ho
2. CrOg, pyr Br,, AcOH
13 | "enolacetylation" 11

H O 12
(separate from cis) H O 97%

MeO
MeO MeO
O onSMe LiBr onSMe
(=
e
DMF I,
H S0

Weisner, K. Pure App. Chem. 1975, 41, 93.



Svnthesis of the “Aromatic” Intermediate

MeO MeO
M
ongMe
HCHO
R
17
H \ 90%

e

Weisner, K. Pure App. Chem. 1975, 41, 93.

MeO NH2
ongMe OMe
NaAlHQ(OCHQCHQOMe)Q
18
H OH
H © H
HO LiAIH, resulted in HO
demethylation
19 | MsCI
MeO MeO Nl_é)Mh/?e
NaH
—~——
THF
: OMs
20 H
70% (3 steps) MsO

21 1. NaAlHQ(OCHQCHzoMe)Q
22 2. NaH, Mel

MeO o .
“aromatic” intermediate

M
® characterized by mp and *H NMR




Photochemical Approach to Atisine Skeleton

MeO OMe

1. Ac,0, pyr
2. HCI, MeOH

ethylene
H,C=C=CH, glycol
hv H+
> H2C o >
THF, -80 °C
25 quant.
99%
27 1. OSO4, N3.|O4
28 | 2.NaBH,
HO H
© OMe
J\ O HCl
4/< - -
stereochemistry T 90% aq. THF
confirmed by x-ray H P 29
MeO L .

Weisner, K. Pure App. Chem. 1975, 41, 93.



Set Up for Final Rearrangement

31

1. NaH
O dioxane, A

j< 2. (PhCOy)2 Ph

65%

OMe

position next to
ketone not as activated 3
as anticipated

1. ethylene glycol
(MeO)3CH, H>SO,4
33 | 2. NaOH/H,0

N

MeO H MeO H 34 | 3. CrOg, pyr
( (\ MeO 85% (3 steps)
OMe TsCl OMe NaBH,
° o= O o C A o
TsO N pyr HO THF/MeOH

. 4< 80% (2 steps) ) 35 0 J\ O

H : H 4<
MeO ~ MeO ~ H :
configuration confirmed by X-ray MeO ™

epimeric tosylate also prepared ) .
from benzoate & characterized 6 step Interconversion to get proper

(does not rearrange) conﬁguration for rearrangement

Weisner, K.; Tsai, T. Y. R.; Huber, K.; Bolton, S. E. J Am. Chem. Soc. 1974, 96, 4990.
Weisner, K. Pure App. Chem. 1975, 41, 93.



Rearrangement of Atisine Skeleton

1:1
DMSO:tetramethylguanidine
180 °C, 24 h
37
40% 40%
“useless”

matches degradation
product of natural talatisamine
by TLC, IR, mass spec, and NMR

Weisner, K.; Tsai, T. Y. R.; Huber, K.; Bolton, S. E. J Am. Chem. Soc. 1974, 96, 4990.
Weisner, K. Pure App. Chem. 1975, 41, 93.



Same sequence backwards from Talatisamine

MeO
HO
LIAIH(Ot-Bu)s . Crog/H,50,
o g 2. ethylene glycol
14
- : 0°C PTSA, benzene {
MeO ~ MeO ~

talatisamine

Et H¥- matches synthetic
A y
) Ohc compound
~ |
Vr
O
MeO N OMe
Et
(m)

Edwards, O. E. Chem. Commun. 1965, 318.
Edwards, O. E.; Fonzes L.; Marion, L. Can. J. Chem. 1966, 44, 583.



End Game: Closure of the “B” Ring

40%

Weisner, K. Pure App. Chem. 1975, 41, 93.



MeO OAc
O CN N

+
g /

OAc

Problems with efficiency due to:
* Equal formation of “useless”
double-bond isomer in rearrangement

 Low yield (40%) in final step
due to unspecific oxidation

* Lengthy introduction of B—toxyloxy group

Weisner, K. Pure App. Chem. 1975, 41, 93.



Next Generation Synthesis: Chasmanine

Change the approach to build the “B” ring first into the “aromatic intermediate”

MeO

MeO

How do you build this?

Weisner, K. Pure App. Chem. 1975, 41, 93.



Svynthesis of Napelline

Change the approach to build the “B” ring first into the “aromatic intermediate”

OMe OMe OMe
OH

é\

HN -SO,Ph ——
OBn N

OBn

OAc Me H  "so,Ph
napelline
o
OMe 1. NaBH,
THF/MeOH PhsF’)zN'(CO)z
rt, 1 h (1.2 eq.) CO Ve
CO,Me —» 2
COQMe 5 H2804 COQMe 170 oC dlglyme

0 MeOH reflux, 6 h

reflux, 3.5 h

44% over 4 steps

Development of an aziridine acetolysis/rearrangement would be ideal since
the starting olefin is easily prepared

Weisner, K. Pure App. Chem. 1975, 41, 93.



Group Problem

Provide a mechanism that explains the following observationS'

. NHSOzPh + NHSO,Ph
AcOH : OAc

100 °C :
2.5h MeOQC 4 COzMe
80% Explain why one isomer is favored.

= /@;Z(NHSOQPh single isomer

AcOH

MeO rt, 2d
MeOZC MeOQC
napelline-type 75% Why does the position of the methoxy

group affect which product is observed?

MeO
E—— mNHSOQPh single isomer
AcOH
r, 3d
MeO,C CO,Me
talatisamine-type 74%
MeO
MeO \:H
AcOH’ A + B Draw anticipated structures for
’ rt, 7d A and B.
MeO,C ’ 70 - 30
talatisamine-type 86%

Weisner, K.; Ho, P. —T.; Jain, R. C,; Lee, S. F.; Oida, L. S.; Philipp, A. Can. J. Chem. 1973, 51, 1448.



Group Problem

%Hf “NHSO,Ph
MeOQC H NHSOQPh COzMe
major
©)
OAc SOzPh
H M H H —~ OAc
JN®SOQPh -NHSOzPh
MeO,C HH MeOZC H OAc CHOgMe OAc
H NHSO,Ph COzMe
carbocation destabilized minor

by adjacent ester

Weisner, K.; Ho, P. —T.; Jain, R. C,; Lee, S. F.; Oida, L. S.; Philipp, A. Can. J. Chem. 1973, 51, 1448.



OAc S)
,‘H ® H §02Ph y OAc OAc
N -SO,Ph —> NH = H_ » -NHSO,Ph
® ®
MeO NSE.C Ill MeO MeO
°52 H MeO,C' / NHSO,Ph COMe
only product
©
OAc SOQPh
Y I
MeO H H MeO H NH MeO H QOAC MeO
N -SO,Ph _ Y ]
© - OA
MeO,C H MeO..C H CO,Me - c
H 2 H OAc =
H H NHSO2Ph CO,Me

carbocation destabilized
by adjacent ester
but migration enhanced by methoxy

only product

Weisner, K.; Ho, P. —T.; Jain, R. C,; Lee, S. F.; Oida, L. S.; Philipp, A. Can. J. Chem. 1973, 51, 1448.



ehead methoxy favors desired isomer

© o
OAc OAc o
MeO ; OAc ® MeO O
N 550,Ph MeO h OMe  meo H OMe “NHSO,Ph
o :NHSO.Ph _—
MeOZC H —
H COQMG
carbocation stabilized MeO,C H NHSO2Ph
by adjacent methoxy
major
Me & SOPh
OAC Me 2
. H 5y H MeO
MeO O! 0 Ph O NH OM}« OAc MeO
@ 4/4 e 2 -NHSOzPh
NHSOzPh COzMe
carbocation destabilized
by adjacent ester
but migration enhanced by methoxy minor

Weisner, K.; Ho, P. —T.; Jain, R. C,; Lee, S. F.; Oida, L. S.; Philipp, A. Can. J. Chem. 1973, 51, 1448.



Gin’s Retrosynthesis

NH, O OMe o
Mannich
0 T,NEt Cricsr  MeOLC \/%NEt
1 ;7 : H /7 17
5~ "'H radical R
1 cyclization Br
MeO HOOM o MeO
e e
© OR
(neofinaconitine (3)) 7
3
ﬁ O cyclopropene
17 OTBS Diels-Alder
/(jr CO,Me + Ji: e —
Br—~ ’ 13/% co-C11
OMe oR Ci13-C16
8 9

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135,

14313.

azepinone
Diels-Alder

—
c5-C11

C4-C3



Material Synthesis

Cyclopropene DA: Starting

CHBr3(1.1 eq.)

1. DIBAL (2.05 eq.)

1. Bro (1.1 eq.) Et;BnN*Cl CH.Cly,
DCM, 5 °C—»rt Br (0.6 eq.) Br_/\ _Br ~78 °C—rt Br Aﬁr
— > > 7—X -
CO,Me 2. Et3N (1.2 eq.) CO,Me DCM/NaOH (aqg.) Br CO,Me 2. TIPSCI, imidazole  Br OTIPS
DCM, 5°C—-rt 10 °C CH20|2, rt
56% (3 steps) 72% (2 steps)
MelLi (2.05 eq. .
Br Aﬁr (2.05 €9 L JAN Isolated as a crude oil,
Br OTIPS Et,0,-78°C \—OT|PS used immediately due to
then H,0 11 rapid Alder-ene dimerization
KH,PO ,/HsPO, Mel (10 eq.) O TBSOTf
7\ (pH = 4.1) Ag,0 (1.35 eq.) EtsN intractable
> > » mixture upon
© OH H,0, 99 °C CH,Cl,, rt CH.Cl,, 0°C workup
OH OMe
53% 75%

Cyclopentadiene could
not be isolated after
aqueous workup

Al Dulayymi, A. R.; Al Dulayymi, J. R.; Baird, M. S.; Gerrard, M. E. Tetrahedron 1996, 52, 3409.

Cuuran, T. T.; Hay, D. A.; Koegel, C. P. Tetrahedron 1997, 53, 1983.

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



Cyclopropene-Cyclopentadiene Diels-Alder Reaction

o Et,N (3.8 eq) TBSO TBSO TBSO TBSO
TBSOTf (1.9 eq.)
+ + + MeO + Meo
O CH2C|2 |\ |\
TIPS
OMe 0°C,17 h OMe “OTIPS  OMe \ OTIPS OTIPS
(2.0 eq.) 1
54 : 9.5 : 1 : 1.5
“contra-steric” approach (major) less-hindered approach (minor)

_ H -1 — H

9t T OMe -
OTBS OMe
MeO Jt OTBS MeO ’& —/ H ~§ OTBS H .§ OTBS

I f !

s =4 ) H2\

/
| TIPSO TIPSO | TIPSO . TIPSO

All isomers due to endo approach of the cyclopropene,
however the diastereoselectivity is poor

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



Further Elaboration of Tricyclic Core

TBSO TBSO O,
gﬁ QY 1M NaOH/THF gﬂ gﬁ
OTIPS OTIPS
OMe OMe OTIPS OMe OMe OTIPS
(1:1.8 mixture)
CO,Me CO,Me
Et,P(O) CH2002Me ° 2% MeNHOMe-HCI
(1.5 eq.) Pd/C (5 mol %) (3.0 eq.)
KHMDS (1.4 eq H, (1 atm) AlMes (3.0 eQ)
THF, 0 °C — reflux EtOAc, rt toluene
Me Sorips OTIPS oTiPs’ Me N otips

(+ undesired isomer) 39%, single isomer

(over 6 steps from tribromocyclopropane)

Me
o) Q N—-OMe
H
<4 Y%
H
M O M O couplin
© oTIPS ¢ OTIPS  MeO i couelng
COSY OTIPS
CcOSY

compound 18
compound 19

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



Formation of Diene

@) N. O TBSO
OMe X AN
2 MgBr TBSOTf (1.5 eq.) |
(1.5eq.) KHMDS (1.5 eq 77%
> > (2 steps)
THF, 0 °C THF, -78 °C
>25:1 Z/E
oM
® SoTPs OMe N orips OMe S o1ips
azepinone
Diels-Alder ﬁ 0
— 17/
C5-C11 ar~. COMe  +
C4-C3

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



Azepinone Synthesis

o) BnNH2 Bn, EtsN (4.0 eq.) \ TsOH Bn O
O (2.0 eq HN SO5pyr (2.0 eq.) (7 mol %) N
R |
neat DMSO/CHQCIQ toluene, A
120 °C -H,0
78% 93% 77%

LIHMDS (2.05 eq.)
Bn O Br2 (10 GQ) Bn O CICOzMe (1 Oeq) Bh O 30% 202 Bn O

N o N N
O CHCl 0°C M PhSeCl (1.07 eq) Mcozme (191 eq) L}CO y
> olvie
then Br THF, _78 OC—>rt Br SePh CHQCIQ, OOC Br /
EtsN (3.0 eq.) L .
86% 99% (2 steps)

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



| X Sc(OTh),

(0.5 eq.)
N 4AmMs  Br
| /) —COMe + —
Br

toluene, rt
OM
® >SoTips
69%
(+21% rsm)
0
.\\COQMe COQMe TBAF IBX
g (3.13eq) (1.0eq) g
+ H THF, rt MeCN, rt
OTBS OTBS sonication
H
M
otrs M Sorps

(1.8:1)

(undesired)
Complete regioselectivity and endo selectivity, poor diastereoselectivity

(desired)

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



Stereochemical Outcome of Diels-Alder Reaction

Favored diastereomer (undesired):

OMe ~ o1ips OMe N o1iPs OTIPS

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



1) TBAF

2) Dess-Martin H
- R B—
OTIPS MeO
S17
Bn
N _O
I O benzyl group /
disordered
HO y O—
relative
H H stereochemistry
defined
-0

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am.

Single crystal x-ray structure of alcohol S19.

Chem. Soc. 2013, 135, 14313.



Stereochemical Assignment of Undesired Cycloadduct

1) KHMDS;
Comins' Reagent

1) TBAF
2) Dess-Martin

2) Pd(PPhg3)a,

relative

stereoc{remlstry ~{ QiR
defined

Single crystal x-ray structure of imide S20.

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



N ¢ coMe
H
Br (1.18 eq.)
H A
0
H 0
L@
M )
0 |~

Stalls at enol ether  Strong acid (Tf,NH) can
with weaker acids protonate enamide through
(TFA) acyl iminium

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.

Og9NH



Attempts to Hydrolyze an Enol Ether

5.4 ppm

60 °C

Stalls at enol ether  Strong acid (Tf,NH) can
with weaker acids protonate enamide through
(TFA) acyl iminium

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



Set-Up for Radical Cyclization

O Os0,4 (0.02 eq.)
CO,Me  PhI(OAc), (2.3 eq)
2,6-lutidine (2.5 eq.) Br

H

EtsN (3.0 eq.) Br
" H

ol

v

CH,Cly, rt THF/H,0
50 °C
86% 74%
N\ OTBS
H Ce(NHy4)2(NO3)g
(3.0 eq.)
MeCN/CHQC|2/H20
50 °C
MsCI
(6.0 eq)
EtsN, CH,CI,
50 °C
57%
MeO O MeO 0 (2 steps)
L — +4.5% rsm

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



AIBN (0.10 eq.) MeO,C
BusSnH (1.11 eq.)

v

benzene, 80 °C
86%

MeO O MeO

T NBY LHMDS (1.0 eq.) MeOC 7 |1 NBn 30 wt% H,0, MeO,C
PhSeCl (2.0 eq.) (2.7 eq.)
THF, -78°C seppy CH2Cl2 0°C
75% 90%

MeO O

aqg. AcOH (33%)
77% THF/H,0

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



Second-Generation Cycloaddition

Poor diastereofacial selectivity due to ease of rotation of diene portion

L
\ / E COzMe
5 OTBS
undesired 1.8:1 desired 9

excellent endo and
regioselectivity?

Bn O
N CO,Me 1880 o
Improved L | |
diastereofacial Br _E::H By
selectivity without | -
disrupting TBSO
MeO CH,

OMe CH;

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



S nthesis of Alternative Sion

N-ome AN
TBAF " ome HBr/AcOH A MgBr
(20eq (3.0 eq.) (1.5 eq.)
? ? Br
TR CeHsF, 0°C THF, 0°C
0 °C—rt o
99% 63% OMe CH; OMe CHo

OTIPS

TBSOTf (1.7 eq.)
9 | KHMDS (1.7 eq)
THF, -78 °C

80% (2 steps)

TBSO
t
TBSO SnCl, COzMe
(0.5 eq.)
4A MS
/(/\//SfCOQMe +

OMe CHy
MeCN. rt grOTBS

(2.0 eq.) Me 87%
OMe CH;

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



Stereochemical Outcome of Diels-Alder Reaction

Favored diastereomer (desired):

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



Br

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.

Et
N

| H
H

H

MeO

Problematic Acyl Iminium Cyclization

O
COzMe

y O
®

CH,




N N
COMe (0s0,(0.25 eq.) CO,Me Pp(OACc), N ¢ coMe DBU
| H NMO (1.0 eq.) (1.1 eq.) ’ H (3.0 eq.)
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H CH.Cl, MeCN/H,O  CH,Cl,
O 0°C 60 °C 50 °C
S 14 15
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MeO O 13 MeO O (2 steps)

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



End Game = Add Functionality!

t TMSOTf
EtSN MeOQC PhSeCl M902C
—_ T
THF H CH.Cl,
0°C 0°C 18
17 MeO OTMS  86%

MeOQC Pd/C MeOQC MeOQC
NalO, H, (1 atm)
- —_—> y, —
THF/H,0 EtOAc
rt rt ' 21
59%  MeO 20 Meo MO O
19 (2 steps)

26

HO OMe 1. 0-NO,BzCI
HO HO -7-|~—NEt  DMAP, Et,N
LiBH, CrOs CeHg, 80 °C
> T — e Y >
THF 0.5N aq 2. Zn, HCI
rt H23t04 . MeOH/H,0
23 Meo HO0ome " meo HO0OMe Meo O0OMe 27
40% 13%
(2 steps) (3 steps)
24

Shi, Y.; Wilmot, J. T.; Nordstrgm, L. U.; Tan, D. S.; Gin, D. Y. J. Am. Chem. Soc. 2013, 135, 14313.



Confirmation of Structure by Relay Synthesis

condelphine, 49 50
NH. O condelphine available from
: OMe Aldrich!
©/l° <" $185.00 / 20 mg
g-i
_,» 'lH =
HO I
MeO OMe

neofinaconitine, (+)-3

AcHN O ,
OMe
j i Figure 10. Relay synthesis of neofinaconitine and 9-deoxylappaconi-
HO
OMe

— tine from condelphine. (a) NaOH, H,O, EtOH. (b) NaH, Mel, THF,
100 °C. (c) KMnO,, H,0, CH,Cl,, 54% over three steps. (d) BBr;-
MeO SMe,, CH,Cl,, =78 °C. (e) CrOs, 0.5 N H,SO,. (f) 0.5 N H,SO,, 80
9-deoxylappaconitine, (+)-51 °C, 46% over three steps. (g) LiAlH,, THF, 80 °C. (h) 0-NO,BzC],
DMAP, Et;N, CH,, 80 °C. (i) Zn, HCl, MeOH, H,0O, 70% over three

steps. (j) Ac,O, pyridine, 91%.



NH2 OMe O
Mannich
O \//NEt cii-ci7  MeOxC {LNEt

1 1;7 H /7 17
- ""H radical S
. cyclization Br

HO C7-C8
MeO OMe MeO

(neofinaconitine (3))

ﬁ O cyclopropene
17 OTBS Die/s -Alder
| )COMe + 1]
Br 7 5 13/ C9-C11
C13-C16

OMe

Summary of Gin’s Synthesis

Et O
N~ coMe
B 7I H 54I \
' %

" azepinone
H Diels-Alder
p— O —
C5-C11
C4-C3
OM
° SOoR
TBSO
U
13 OR
OMe

e Significantly shorter synthesis than Wiesner (27 steps)
e Convergent approach possible through cycloadditions (although selectivity is still an

issue)

e A lot of functional group manipulation is still needed after the hexacyclic core is

formed



Still Cannot Make Delphinine

OMe

C13-oxygenation is problematic to both routes. The congested oxygenation
patterns for each member of this natural product family end up necessitating
new routes each time.



