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Studies on search and synthesis of plant alkaloids for the development of new
medicines for pain and improving the memory disorders
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By chemical investigation and synthetic studies on lIboga-type indole
alkaloids with TRPV1 antagonistic activity, we found new alkaloids from Ervatamia plant and
developed a new rout for asymmetric total synthesis of lboga-type indole alkaloids. Based on the
indole alkaloid isolated from Mitragyna plant, we also developed an effective analgesic compound,
which acted on opioid receptors as bias-agonist. Asymmetric total syntheses of three Lycopodium
alkaloids having anti-acetylcholine esterase activity were achieved.



TRP
Ervatamia cumingiana
Woacanga africana
TRPV1 TRPMS8
Heimia salicifolia
MGM-30

(ACh)

-1 Ervatamia cumingiana

123

3-O-Methyl-10,11-
demethoxychippiine

@)

N-Demethylervahanine A

U]

N-Demethylervahanine B (2)

3 NMR CD

+100 |

TRP

(%)

—> HMBC ‘ > dif. NOE

3-O-Methyl-10,11-demethoxychippiine (3) _100f

— Exptfor3

- Calcd for (3S, 14R, 168, 20S, 21S)-3

--- Calcd for (3R, 14S, 16R, 20R,

21R)-3



-2 TRPV1
Diethyl ethylmalonate 11
4

CO,Me
N
= e =
EtO,C~ ~CO,Et 7 steps  MeOC
5

Diethyl ethylmalonate

racemate 4
-3 Mitragyna speciosa 7-Hydroxymitragynine
(8) ent-18,19-Dehydro-7-hydroxymitragynine (9)
8

MGM-30
(10)
¥

MGM-30
B-Arrestine G

7-Hydroxymitragynine (8) 9 MGM-30 (10)

Lasubine I (11)

4”-O-Demethyllythridine (12) 14-epi-4”-O-Demethyllythridine (13)

WOH AP
N =
NHR !
MeO MsO
OMe OMe OMe
(-)-Lasubine | (11) H14-p : 4-0-Demethyllythridine (12)
H14-a: 14-epi-4”-O-Demethyllythridine (13)
2-1 (ACh) Lycopodiumu

Lycopodine Flabelliformine
Lycopoclavamine-A Lycopodium



14 4 15
16

Lycopodine (17)  Flabelliformine (18)
(-)-Lycopodine (17) 7
) (9)-Flabelliformine (18)

o © 0 Me 0
N )J\A /V\)J\/\/\M/\
Boc,N OTBDPS

15

‘ MsOH, MeOH

P —
O,, DMSO, r.t.
y. 34%

2) NaOH / H,0, MeOH
y. 80%

Flabelliformine (18) (-)-Lycopodine (17)

Fawcettimine Lycopoclavamine-A (19)
Fawcettimine
C-3-C4 15
- CBS 8
20 20 Pauson-Khand AZADOL
21 21 12
1,4- C3 Ns
9 3 23 13
Ns Lycopoclavamine-A (19)
Pauson-Khand
reaction
)(J)\ J(l)\/\ MOMO Me o 9
P 13 15 1) C0,(CO)g, CH,Cly; 4 OTBDPS
N - Ho. F X “thenNMO, CO, 1, 82%M A
. - _— = e
Ph OTBDPS 2) AZADOL, Phi(OAc),  15: |:|;130MOM
CH,Cly, rt, quant. H
15 20 21
TBSO A B gy o  OH To ~ OMOM
Lithium 2-thienylcyanocuprate % /\OTBDPS 4 3 NNs H
BF3-OEty, THF, -78 °C 2 __—__0TBS i~ .
Me~t—~L.omoM Me~’—L-oMOoM — . HO
70% : H: : z13
H H H H
diastereoselective 22 23 .
conjugate addition Lycopoclavamine-A (19)

19

1. H. Kaneko, S. Takahashi, N. Kogure, M. Kitajima, and H. Takayama: Asymmetric
Total Synthesis of Fawcettimine-Type Lycopodium Alkaloid, Lycopoclavamine-A. J.
Org. Chem., 84 (9), 5645-5654 (2019). DOI: 10.1021/acs.joc.9b00586.

2. K. Sato, N. Kogure, M. Kitajima, and H. Takayama: Total Syntheses of Pleiocarpamine,
Normavacurine, and C-Mavacurine. Org. Lett, 21 (9), 3342-3345 (2019). DOI:
10.1021/acs.orglett.9b01084.

3. K. Wada, N. Kogure, M. Kitajima, and H. Takayama: Concise Asymmetric Total
Synthesis of Lycopodine and Flabelliformine via Cascade Cyclization Reaction.
Tetrahedron Lett., 60 (2), 187-190 (2019). DOI: 10.1016/j.tetlet.2018.12.007.

4. M. Kitajima, S. Nakano, N. Kogure, S. Subhadhirasakul, and H. Takayama: New
Indole Alkaloids from Ervatamia cumingiana. Heterocycles, 99, published on web



10.

11.

12.

13

14.

15.

16.

17.

18.

(2019). DOI: 10.3987/COM-18-S(F)11.

K. Sato, N. Takanashi, N. Kogure, M. Kitajima, and H. Takayama: Formal Total
Synthesis of (+)-Strictamine. Heterocycles, 97 (1), 365-382 (2018). DOI:
10.3987/COM-18-S(T)24.

M. Kitajima, T. Yanagisawa, M. Tsukahara, Y. Yamaguchi, N. Kogure, R.
Kikura-Hanajiri, Y. Goda, O. lida, Y. Sugimura, N. Kawahara, and H. Takayama:
Biphenyl Ether and Biphenyl Quinolizidine Lactone Alkaloids from Heimia salicifolia.
Tetrahedron, 74 (4), 441-452 (2018). DOI: 10.1016/j.tet.2017.12.012.

T. Hirama, T. Umemura, N. Kogure, M. Kitajima, and H. Takayama: Synthetic Study
of Biphenylquinolizidine Alkaloids 1. Asymmetric Total Synthesis of Lasubine |
Featuring Organocatalyzed Asymmetric Intramolecular aza-Michael Addition.
Tetrahedron Lett., 58 (3), 223-226 (2017). DOI: 10.1016/j.tetlet.2016.12.008.

S. Tooriyama, Y. Mimori, Y. Wu, N. Kogure, M. Kitajima, and H. Takayama:
Asymmetric Total Synthesis of Pentacyclic Indole Alkaloid Andranginine and Absolute
Configuration of Natural Product Isolated from Kopsia arborea. Org. Lett., 19 (10),
2722-2725 (2017). DOI: 10.1021/acs.orglett.7b01076.

R. Tokuda, Y. Okamoto, T. Koyama, N. Kogure, M. Kitajima, and H. Takayama:
Asymmetric Total Synthesis of Kopsiyunnanine K, a Monoterpenoid Indole Alkaloid
with a Rearranged Skeleton. Org. Lett, 18 (14), 3490-3493 (2016). DOI:
10.1021/acs.orglett.6b01704.

58
, , , . Lycopodium Lycopodine
139 (2019).
, ) , ., lboga
. 139 (2019).
, K. Wilailak, , , T. Charnsak, :
Huperzine H . 139 (2019).
: . 138
(2018).
Albifloramine . 138 (2018).

) ) , ., :Fawcettimine
Lycopoclavamine-A . 138 (2018).

, , , . Lycopodium Lycopodine

138 (2018).
138 (2018).
, , , , , , . Iboga
Voacangine Catharanthine
138 (2018).
, , , , : (Heimia salicifolia)
22
(2018).
) ) , ., :Fawcettimine
Lycopoclavamine-A Lycophlegmarinone . 44
(2018).
TRPV1 Voacangine . 54
(2018).

H. Takayama: Bioinspired Total Syntheses of Alkaloids Isolated from Medicinal Plants.
Frontiers on Medicinal Chemistry (2017). Invited Lecture

, , , , : Iboga
Voacangine . 137 (2017).
, , , : Lycopodium Lycopodine
. 137 2,74 (2017).
. 137 (2017).
) ) , ., :Fawcettimine
Lycopoclavamine-A . 137 (2017).

«C ) .o Heimia salicifolia



19.

20.

21.

22.

23.

24.

25.

26.

137 (2017).

Lycopodine . 2017 in (2017).
) . , S. Subhadhirasakul, :
Ervatamia cumingiana . 64
(2017).
3,3- .43
(2017).
H. Takayama: Bioinspired Syntheses of Alkaloids Isolated from Medicinal Plants.

Proceeding of the 9th CSP-KSP-JSP Joint Symposium on Pharmacognosy & 2016
Annual Conference of Committee of Chinese Traditional and Natural Medicines,
Chinese Pharmaceutical Association (2016). Invited Lecture

NMR 2016 (2016).
58
(20186).
, , , ., lboga
Voacangine . 42 (2016).
, , , , Kopsia
Kopsiyunnanine K . 34
(20186).
6
) 22 )
1 ( 64), , , 148-154 (2018).
, 560 (2017).
, 9 (1l
), , , , 169-190 (2017).
M. Kitajima and H. Takayama: Monoterpenoid Bisindole Alkaloids. “The Alkaloids:

Chemistry and Biology”, ed. by H.-J. Knélker, Academic Press, Vol. 76, p. 259-309
(Chapter 4) (2016).

2
Opioid Analgesic
US Patent

US 9957262 B2
2018

6376702
2018

http://www.p.chiba-u.jp/lab/skb/index.html



