Problem Session (2) -Answer- 2021/11/20 Yosuke Nakata
Topic : pyridine-containing Lycopodium alkaloids
0. Introduction

0-1. Complanadine A and B
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complanadine AV:R= H,H chodine3)
complanadine B : R =0
isolated from Lycopodium complanatum isolated from L. annotinum
bioactivity : nerve growth factor (NGF) enhancer structure : bicyclo [3,3,1] nonane, pyridine

structure : unsymmetrical dimer of lycodine with C2-C3' linkage

0-2. Total synthesis
Siegel’s group: complanadine A (2010)*
Sarpong’s group: complanadine A (2010)%, complanadine B (2013)®
—About total synthesis of complanadine A by Siegel and Sarpong, see also 100501_LS_Satoshi_ KASUYA.
Hirama’s group: complanadine A and B (2013)") -> problem 1
Dai’s group: complanadine A (2021)® -> problem 2
0-3. Synthetic route

0-3-1. Construction of lycodine structure
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0-3-1. Dimerization
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1. Problem 1

1-1. Answer for problem 1
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. NaH,PQO4+2H,0 (1.05 eq), A (2 eq),
MeCN (0.18 M), rt, 56%
. Tf,0 (1.5 eq), Et3N (2.5 eq),

10 steps
CH,Cl, (0.1 M),0°Ctort, 91%

. PACI,(PPhs), (0.2 eq), EtsN (5 eq),
DMA (5.5 mM), 120 °C, 73%

. B (2.0 eq), Pd(OAc), (0.1 eq),
t-BuDavePhos (0.2 eq),
Cs,CO3 (3.0 eq), PivOH (0.3 eq),
mesitylene (0.05 M), 130 °C, 62%

[©2¢)]

. Acy0 (0.07 M), 125 °C, d.r. = 3:1
. K,CO3 (excess), MeOH (0.02 M), rt
. DMP (2 eq), CH5ClI, (0.02 M),

rt, 76% (over 3 steps)

Tsukano, C.; Zhao, L.; Takemoto, Y. Hirama, M. Eur. J. Chem. 2010, 4198.

Zhao, L.; Tsukano, C.; Kwon, E.; Takemoto, Y.; Hirama, M. Angew. Chem. Int. Ed. 2013, 52, 1722.
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MeOH + K,CO3

1-2. Discussion 1: Diels-Alder reaction

1-2-1. Regioselectivity
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1-2-2. Stereoselectivity

T orbital of pyridine N
probably contributes | X
the secondary interaction.

1-2-3. Results

_Hal complanadine B

step 7

Zhao, L.; Tsukano, C.; Kwon, E.; Shirakawa, H.; Kaneko, S.;
Takemoto, Y; Hirama, M. Chem. Eur. J. 2017, 23, 802.

contribution to LUMO:

ethyl ester side was almost same as pyridyl ketone side
= steric effect > orbital interaction

secondary interaction
pyridyl ketone > ethyl ester

pyridyl ketone : endo
ethyl ester : exo



regioselecively

stereoselecively
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1-3. Discussion 1-2: direct arylation

1-3-1. Catalytic cycles
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1-3-2. The role of PivOH

pivalate accelerates aryl C-H cleavage.
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1 - 0
2 AcOH (0.30 mol%) 11
3 PivOH (0.30 mol%) 82
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2. Ploblem 2
2-1. Answer for ploblem 2

1. NH4OAc (5 eq), MeOH/H,0 (5/1, 0.05 M), Me
0 °C to rt, 56%7 (d.r. = 1.2:1)° 7

2. PPh3 (4.2 eq), THF/H,O (3/1, 0.04 M), rt; conc.;
TFA (2.9 eq), CH,CI,/H,O (0.02 M), rt; conc.;
Boc,0 (3.0 eq), Et3N (7.0 eq), THF (0.2 M), N Z>N
60°C, 96%, single diasteromer Boc |
21 3. CCI;CO,Na (3.0 eq), BTEAC (0.2 eq),
(d.r. = 1:1) CHCI3 (0.02 M), 90 °C, 31% cl

a 2 steps yield 2-2
b The mixture of diasteomers was used in the next reaction.

Ma, D.; Martin, S. B.; Gallagher, S. K.; Siato, T.; Dai, M. J. Am. Chem. Soc. 2021, 143, 16383.

Me
HN o
2-4
Me
SN
3 H0
e . —
- » Me taut - t.’ Me — N ; @
tautomerization automerization N3 G Z
KO
o NH, —
25 2.6 26
Me =R
* PPhy Staudin
ger
£ H' ( reaction @'/—\@,R PhsR---N-R| -N, @ o
KX N T PPN T | L | PhePUOR
N:uN—N HO =
2-8
2-7
step 1
Me Me
Hydrolysis TFA
—_— — > =y —
HZN/\/ N H;N Ha N
2-10 2-11 —
2-12
Me, Me Me,:
Mannich type Ciamician-Dennstedt
cyclization rearrangement
—— - -
Discussion 2-1 N yZ Discussion 2-2 N ZZN
NH N “ “NH Boc |
H — Boc \__ XN
0] 0]
L C 213 22 ¢l
t-BuO 02 "Ot-Bu step 2 step 3



2-2. Discussion 2-1: Mannich type cyclization
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2-3. Discussion 2-2: Ciamician-Dennstedt rearrangement
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The low yield of 2-2 is caused by the generation of 2-20 via Reimer-Tiemann reaction.
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