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ABSTRACT

Stemona alkaloids are structurally complex and polycyclic alkaloids, obtained
from a novel class of natural plants which are extracted, separated, and purified
from Stemonaceae family. They are abundantly and more exclusively obtained
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pertussis, as well as anti-parasitic agents. By rational comparing and
contrasting, the multidimensional bioactivities of Stemona alkaloids specifically
stemofoline-type derivatives are the most promising compounds representing
many lead structures for further development of commercial agents used in
pharmaceutical and chemical industries. Here, on our total synthesis proposal,
we vividly explained step by step the total synthesis procedure to get the
Stemona alkaloid: Tuberostemonamide. This renowned Stemona alkaloid has
potent pharmaceutical effects in the treatment of different neurodegenerative
diseases and inflammatory conditions. For such fascinating future work and
robust research scope, we proposed and worked on a unique and effective total
synthetic pathway for the Tuberostemonamide synthesis, which can be used in
the synthetic organic lab. It is hoped that the proposed synthetic process
discussed here would be utilized efficiently and give the highest possible yield
(%).

Keywords:
Alkaloids, Tuberostemonamide,
Retrosynthetic, Synthesis.

Introduction various emergent side effects in the human
body with synthetic and semisynthetic drugs,

owadays natural plants are playing a  scientists are more interested in developing

vital role in the synthesis of a wide Phyto-based drugs. The importance of natural
variety of safest drugs. Due to the components in traditional medicine has been
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well recognized and the concept is used to
develop many outstanding lifesaving drugs,
which either possess the whole structure of
core natural product or incorporate through
chemical modifications (usually
straightforward). At present, medicinally and
clinically important natural products are
considerably invented through phenotypic or
simply target-based screening.

Natural plants have been used extensively as
medicine throughout the world for many
centuries, [1-3] and so is the total synthetic
process of plant-based natural products to
become a reliable means of inventing new
components with known detailed functional
characteristics of novel compounds, which
ultimately promote them to new drug discovery
[4-6]. Stemonaceae plant products have a
wonderful prestigious timeline of utilization
medicinally to manage pertussis, tuberculosis,
anthelmintics, and bronchitis in Japan and
China [7]. Almost 215 multi-dimensional
alkaloids have been isolated to date [8].
although very small parts of Stemona alkaloids
have been asymmetrically synthesized [7-9].
Alkaloid extract from S. tuberosa showed very
potent anticough activity in guinea pigs [10-11].
Various Stemona alkaloids have been found to
show antitussive and insecticidal activities [12-
14]. At present, over 80 Stemona alkaloids have
been identified separated from Stemona
species, which can structurally be categorized
into six different simple groups namely, the
stemoamide group, stenine groups,
tuberostemospironine groups, stemonamine
group, parvistemoline group, and miscellaneous
group, respectively [15]. Chemical
diversification and variability were highly
prominent in S. tuberosa. [16] In search for
biologically active alkaloids of S. tuberosa, four
new stemona alkaloids were isolated and

identified, including
didehydrotuberostemonine A (1), stemoninone
(2), tuberostemospiroline (3), and

tuberostemonine L (4), accompanied by the
seven known alkaloids 2-oxostenine (5),
tuberostemonine (6), sessilifoliamide H (7),
tuberostemonone (8),
didehydrotuberostemonine (9),
bisdehydrostemoninine (10), and
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tuberostemoamide (11), taken from the roots of
this plant.

Many recent studies on S. tuberosa of various
localities have already isolated more than 80
prominent alkaloids, [17] which are divided
into tuberostemoninetype, [18-22]
stemoninine-type, [23-24], and croomine-
type.[25-26] Some main alkaloids in Baibu,
such as neotuberostemonine and neostenine
have been proved to exhibit antitussive potency
comparable to codeine [21]. Stemoninine and
bisdehydrostemoninine have shown significant
anticough activity in the guinea pig after cough
induction by citric acid aerosol stimulation [23-
24].

More interestingly, Stemona alkaloids have
been also evaluated in insects on their nicotinic
acetylcholine receptors. Cholinergic receptors
are stimulated by the binding of acetylcholine
(Ach). In humans, the blocking of AchE
(acetylcholine esterase) prolongs the duration
of action of acetylcholine (Ach), which is very
helpful for the treatment of renowned
Alzheimer’s disease (AD) of aged patients.
Already, many alkaloids have been found to be
effective as AchE inhibitors. The life-
threatening Alzheimer’s disease drugs are
galantamine, rivastigmine, donepezil, and
memantine [27]. Thus, Stemona alkaloids have
medicinal potentials in humans to treat AD [28].

It is known that biologically effective natural
products are most discovered rather than
synthetic substances for the healing of human
diseases, interestingly even in lacking extensive
information about the purpose of the natural
products in their original biological setting. The
success of such relentless efforts of some
researchers has led to suggest that scaffolds of
natural products may lead to useful chemical
libraries. Unfortunately, one single Stemona
alkaloidal component is barely developed for

the next investigational medicinal use. It
happens prominently due to the lack of
extensive biological profiling, which is

extensively affected by accurate separation as
well as proper synthetic access process. Two
Stemona components, namely
tuberostemoamide and sessilifoliamide A, were
separated by Lin [29-30] and Takeya, [31]
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respectively, which first presented their total
synthesis and medicinal evaluation.
Structurally speaking, these two naturally
obtaining alkaloidal components have the same
5/7/5 tricyclic skeleton, which is why it is
highly reasonably acceptable to present direct
structural modification at the ester portion,
which would be an innovative synthetic plan for
the abovementioned two tetracyclic alkaloidal
substances. Based on the excellent work of Dai
[32] and Chida-Sato, [33] and at the same time
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relationship of the stemoamide-group alkaloids,
scientists have proposed corresponding
retrosynthetic breakdowns as well as total
synthesis strategy, for both Tuberostemoamide
and Sessilifoliamide A. In our total synthesis
proposal for the Tuberostemonamide Stemona
alkaloid, we also discussed the possible
complete retrosynthetic analysis and synthetic
pathways for easy understanding and ultimate
efficient synthesis of the final product.
Retrosynthetic Analysis

Figure 1. Retrosynthetic analysis of Tuberostemonamide

In Figure 1 above, we can see our proposed
Retrosynthetic analysis. At first,
Tuberostemonamide undergoes hydrogenation
then the lactone ring broke up to get hydroxyl
compound. Next, we obtain a keto compound.
After subsequent disassembly by oxidation, we
get TBSO -pyroglutamic derivative. But this

TBSO compound is not commercially available,
so we proceed further conversion to achieve a

very cheap and commercially available
compound: (R)-(-)-5-(Hydroxymethyl)-2-
pyrrolidinone.

Forward Synthesis Pathways
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In Figure 2, the total forward synthesis
pathways are illustrated step by step to reach
our desired product “Tuberostemonamide”. At
first, we initiate our total synthesis process
with the commercially available starting
reagent: (R)-(-)-5-(Hydroxymethyl)-2-
pyrrolidinone. This reagent is treated with

Tuberostemonamide
Figure 2. Proposed forward synthesis of Tuberostemonamide

TBSCI along with Imidazole in the presence of
DMAP to obtain the compound (2). Thus, we
can protect the Hydroxyl group of the
compound (1). Then, the compound (2) reacts
with the iodide compound in presence of
KHMDS to produce compound (3), which
ultimately produces the alcoholic compound (4)
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by treating TBAF and THF. Then, this
compound produces keto compound (5) by
oxidation process with Chromic acid. The
compound (5) reacts with a butanoate reagent
to generate compound (6). Then, Strong
Fluoroantimonic acid reacts with compound (6)
to produce a keto compound (7). Subsequently,
the compound undergoes samarium (II) iodide
(Sml;) mediated cyclization reaction to make a
cyclic product (8). Then, the compound (8)
reacts with an iodide reagent in presence of t-
BuLi to generate compound (9). By renowned
“Swern oxidation”, the compound (9) is
converted to compound (10). Finally, by the
further oxidation process, we can produce our
desired final product, i.e. Tuberostemonamide
(11).

Commercial Sources

Our starting reagent is (R)-(-)-5-
(Hydroxymethyl)-2-pyrrolidinone,
(M.W.:115.13; Chemical Formula: CsH9NO3),
which is readily available in Sigma-Aldrich Inc.
(Product number: 366358, CAS number:
66673-40-3, 1 g: $72.10). Again DMAP [4-
(Dimethylamino) pyridine] (Product number:
107700, CAS number: 1122-58-3, 5 g: $18.60)
and Imidazole (Product number: 12399, CAS
number: 288-32-4, 100 g: $43.30) are also
cheaply available in Sigma-Aldrich Inc.

Conclusion

In conclusion, by adopting more convenient and
cheapest synthetic pathways, we proposed our
total plausible synthesis of
Tuberostemonamide. It is, based on the current
study, that the synthetic strategy would result
in the highest yield (%) of the product. As the
recent synthetic world is always evolving, so
any synthetic chemist may follow this synthetic
procedure and can modify as necessary to
produce other Stemona alkaloids that would be
used in different human diseases. One of the
highly helpful tips for the future of new phyto-
based drug discovery is that, by considering
and exploiting the versatility of the tricyclic
intermediates of this Stemona, total synthesis of
similar 5/7/5 tricycle bearing alkaloidal
molecules are presently in pipeline and are
widely growing, which, coupled with our
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innovative synthetic research process, will
definitely potentiate future biosynthetic
medicinal, and clinical explorations of such
highly fascinating as well as attractive
alkaloidal natural components.

Competing interest declaration

There is no potential competing interest related
to this manuscript.

Grants

None.

Author contributions

None except listed.

Orcid

Mir Monir Hossain:
https://www.orcid.org/0000-0002-7992-4315
Tasmuna Tamrin Tanmy:
https://www.orcid.org/0000-0001-6958-5404

References

[1] D.J. Newman, G.M. Cragg, J. Nat. Prod., 2016,
79, 629-661. [Crossref], [Google Scholar],

[Publisher]
[2] Y. Li, J. Li, HF. Ding, A. Li, Natl. Sci. Rev.,
2017, 4, 397-425. |[Crossref], [Google

Scholar], [Publisher]

[3] M.J. Balunas, A.D. Kinghorn, Life Sci., 2005,
78, 431-441. [Crossref], [Google Scholar],
[Publisher]

[4] ].D. Keasling, A. Mendoza, P.S. Baran, Nature,
2012, 492, 188-189. [Crossref], [Google
Scholar], [Publisher]

[5] T.K. Allred, F. Manoni, P.G. Harran, Chem.
Rev, 2017, 117, 11994-12051. [Crossref],
[Google Scholar], [Publisher]

[6] E.A. Crane, K. Gademann, Angew. Chem. Int.
Ed, 2016, 55, 3882-3902. [Crossref], [Google
Scholar], [Publisher]

[7]1X.Y. Liu, F.P. Wang, Nat. Prod. Commun.,,
2015, 10, 1093-1102. [Crossref], [Google
Scholar], [Publisher]

[8] G.A. Brito, R.V. Pirovani, Org. Prep. Proced.
Int., 2018, 50, 245-259. [Crossref], [Google
Scholar], [Publisher]



https://orcid.org/0000-0002-7992-4315
https://pubs.acs.org/doi/10.1021/acs.jnatprod.5b01055
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Natural+Products+as+Sources+of+New+Drugs+from+1981+to+2014&btnG=
https://pubs.acs.org/doi/10.1021/acs.jnatprod.5b01055
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6494624/
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Functional+and+Biomimetic+Materials+for+Engineering+of+the+Three-Dimensional+Cell+Microenvironment&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Functional+and+Biomimetic+Materials+for+Engineering+of+the+Three-Dimensional+Cell+Microenvironment&btnG=
https://www.cheric.org/research/tech/periodicals/view.php?seq=1594352
https://www.sciencedirect.com/science/article/abs/pii/S0024320505008799?via%3Dihub
https://scholar.google.com/scholar?cluster=15486435387528023763&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0024320505008799?via%3Dihub
https://www.nature.com/articles/492188a
https://scholar.google.com/scholar?cluster=8966424016258104726&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=8966424016258104726&hl=en&as_sdt=0,5
https://www.nature.com/articles/492188a
https://doi.org/10.1021/acs.chemrev.7b00126
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Exploring+the+Boundaries+of+%22Practical%22%3A+De+Novo+Syntheses+of+Complex+Natural+Product-Based+Drug+Candidates&btnG=
https://pubs.acs.org/doi/abs/10.1021/acs.chemrev.7b00126
https://doi.org/10.1002/anie.201505863
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=E.A.+Crane%2C+K.+Gademann%2C+Angew.+Chem.+Int.+Ed.%2C+2016%2C+55%2C+3882%E2%88%923902&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=E.A.+Crane%2C+K.+Gademann%2C+Angew.+Chem.+Int.+Ed.%2C+2016%2C+55%2C+3882%E2%88%923902&btnG=
https://onlinelibrary.wiley.com/doi/full/10.1002/anie.201505863
https://doi.org/10.1177/1934578X1501000674
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=X.Y.+Liu%2C+F.P.+Wang%2C+Nat.+Prod.+Commun.%2C+2015%2C+10%2C+1093%E2%88%921102&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=X.Y.+Liu%2C+F.P.+Wang%2C+Nat.+Prod.+Commun.%2C+2015%2C+10%2C+1093%E2%88%921102&btnG=
https://journals.sagepub.com/doi/abs/10.1177/1934578X1501000674
https://doi.org/10.1080/00304948.2018.1462032
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Stemoamide%3A+Total+and+Formal+Synthesis.+A+Review&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Stemoamide%3A+Total+and+Formal+Synthesis.+A+Review&btnG=
https://www.tandfonline.com/doi/abs/10.1080/00304948.2018.1462032?journalCode=uopp20

2021, Volume 1, Issue 4

[9]S. Fujita, K. Nishikawa, T. Iwata, T.
Tomiyama, H. Ikenaga, K. Matsumoto, M.
Shindo, Chem. Eur. ], 2018, 24, 1539-1543.
[Crossref], [Google Scholar], [Publisher]

[10] K.J. Frankowski, J.E. Golden, Y. Zeng, Y. Lei,
J. Aubé, . Am. Chem. Soc., 2008, 130, 6018-6024.
[Crossref], [Google Scholar], [Publisher]

[11] H.S. Chung, P.M. Hon, G. Lin, P.P.H. But, H.
Dong, Planta Med., 2003, 69, 914-920.
[Crossref], [Google Scholar], [Publisher]

[12] S. Jiwajinda, N. Hirari, K. Watanabe, V.
Santisopasri, N. Chuengsamarnyart, K.
Koshimizu, H. Ohigashi, Phytochemistry, 2001,
56, 693-695. [Crossref], [Google Scholar],
[Publisher]

[13] E. Kaltenegger, B. Brem, K. Mereiter, H.
Kalchhauser, H. Hlig, K. Hofer, O.S. Vajrodaya, H.
Greger, Phytochemistry, 2003, 63, 803-816.
[Crossref], [Google Scholar], [Publisher]

[14] R.A. Pilli M.D.C.F. de Oliveira. Nat. Prod.
Rep., 2000, 17, 117-127. [Crossref], [Google
Scholar], [Publisher]

[15] R.A. Pilli M.C.F. De Oliveria, Nat. Prod.
Rep., 2000, 17, 117-127. [Crossref], [Google
Scholar], [Publisher]

[16] R.W. Jiang, P.M. Hon, Y. Zhou, Y.M. Chan;,
Y.T. Xu, H.X. Xu, H. Greger, P.C. Shaw, P.P.H. But,
J. Nat. Prod, 2006, 69, 749-754. [Crossref],
[Google Scholar], [Publisher]

[17] H. Greger, Planta Med., 2006, 72, 99-113.
[Crossref], [Google Scholar], [Publisher]

[18] R.W. Jiang, P.M. Hon, Y. Zhou, Y.M. Chan,
Y.T. Xu, HX. Xu, H. Greger, P.C. Shaw, P.P.H.].
But, Nat. Prod., 2006, 69, 749-754. [Crossref],
[Google Scholar], [Publisher]

[19] H.S. Chung, P.M. Hon, G. Lin, P.P.H. But, H.
Dong, Planta Med., 2003, 69, 914-920.
[Crossref], [Google Scholar], [Publisher]

[20] RW. Jiang, P.M. Hon, P.P.H. But, H.S.
Chung, G. Lin, Tetrahedron, 2002, 58,6705-
6712.[Crossref], [Google Scholar], [Publisher]
[21] RW. Jiang, P.M. Hon, P.P.H. But, H.S.
Chung, G. Lin, W.C. Ye, C.W. Mak, Tetrahedron,

Journal of Applied Organometallic Chemistry

2002, 58, 6705-6712. [Crossref], [Google
Scholar], [Publisher]

[22] W.H. Lin, Y. Ye, R.S. Xu, ]. Nat. Prod., 1992,
55, 571-576. [Crossref], [Google Scholar],
[Publisher]

[23] L.G. Lin, Q.X. Zhong, T.Y. Cheng, C.P. Tang,
C.Q. Ke, G. Lin, YJ. Ye, Nat. Prod., 2006, 69,
1051-1054. [Crossref], [Google Scholar],
[Publisher]

[24] L.G. Lin, K.M. Li, C.P. Tang, C.Q. Ke, J.A.
Rudd, G. Lin, Y.J. Ye, Nat. Prod., 2008, 71, 1107-
1110. [Crossref], [Google Scholar],
[Publisher]

[25] ]. Schinnerl], E. Kaltenegger, T. Pacher, S.
Vajrodaya, O. Hofer, H. Greger, Monatsh. Chem.,
2005, 136, 1671-1680. [Crossref], [Google
Scholar], [Publisher]

[26] R.W. Jiang, P.M. Hon, Y.T. Xu, Y.M. Chan,
H.X. Xu, P.C. Shaw, P.P.H. But, Phytochemistry,
2006, 67, 52-57. [Crossref], [Google Scholar],
[Publisher]

[27] P.Williams, A. Sorribas, M.J.R. Howes, Nat.
Prod. Rep., 2011, 28, 48-77. [Crossref], [Google
Scholar], [Publisher]

[28] P. Wang, A.L. Liu, Z. An, Z.H. Li, G.H. Du,
H.L. Qin, Chem. Biodiversity, 2007, 4, 523-530.
[Crossref], [Google Scholar], [Publisher]

[29] W.H. Lin, L. Ma, M.S. Cai, R.A. Barnes,
Phytochemistry, 1994, 36, 1333-1335.
[Crossref], [Google Scholar], [Publisher]

[30] W.H. Lin, L. Wang, L. Qiao, M.S.Chin. Cai,
Chem. Lett.,, 1993, 4, 1067-1070. [Crossref],
[Google Scholar], [Publisher]

[31] D. Kakuta, Y. Hitotsuyanagi, N. Matsuura,
H. Fukaya, K. Takeya, Tetrahedron, 2003, 59,

7779-7786. |[Crossref], [Google Scholar],
[Publisher]
[32] K.Q. Ma, X.L. Yin, M.]. Dai, Angew. Chem.,,

Int. Ed., 2018, 57, 15209-15212. [Crossref],
[Google Scholar], [Publisher]

[33] M. Yoritate, Y. Takahashi, H. Tajima, C.
Ogihara, T. Yokoyama, Y. Soda, T. Oishi, T. Sato,
N. Chida, J Am. Chem. Soc, 2017, 139,
18386-18391. [Crossref], [Google Scholar],
[Publisher]

Copyright © 2021 by SPC (Sami Publishing Company) + is an open access article distributed

under the Creative Commons

Attribution

License (CC  BY) license

(https://creativecommons.org/licenses /by/4.0/), which permits unrestricted use, distribution,

and reproduction in any medium, provided the original work is properly cited.



https://doi.org/10.1002/chem.201706057
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Asymmetric+Total+Synthesis+of+%28%E2%88%92%29-Stemonamine+and+Its+Stereochemical+Stability&btnG=
https://chemistry-europe.onlinelibrary.wiley.com/doi/10.1002/chem.201706057
https://doi.org/10.1021/ja800574m
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Syntheses+of+the+Stemona+Alkaloids+%28%C2%B1%29-Stenine%2C+%28%C2%B1%29-Neostenine%2C+and+%28%C2%B1%29-13-Epineostenine+Using+a+Stereodivergent+Diels%E2%80%93Alder%2FAzido-Schmidt+Reaction&btnG=
https://pubs.acs.org/doi/10.1021/ja800574m
file:///C:/Users/NikAndish/Downloads/10.1055/s-2003-45100
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Antitussive+Activity+of+Stemona+Alkaloids+from+Stemona+tuberosa&btnG=
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-2003-45100
https://doi.org/10.1016/S0031-9422(00)00443-X
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=S.+Jiwajinda%2C+N.+Hirari%2C+K.+Watanabe%2C+V.+Santisopasri%2C+N.+Chuengsamarnyart%2C+K.+Koshimizu%2C+H.+Ohigashi%2C+Phytochemistry%2C+2001%2C+56%2C+693.&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S003194220000443X
https://doi.org/10.1016/S0031-9422(03)00332-7
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=E.+Kaltenegger%2C+B.+Brem%2C+K.+Mereiter%2C+H.+Kalchhauser%2C+H.+Hlig%2C+K.+Hofer%2C+O.S.+Vajrodaya%2C+H.+Greger%2C+Phytochemistry%2C+2003%2C+63%2C+803&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0031942203003327
https://doi.org/10.3389/fchem.2018.00045
https://scholar.google.com/scholar?cluster=6214487965853497794&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=6214487965853497794&hl=en&as_sdt=0,5
https://pubs.rsc.org/en/content/articlelanding/2000/np/a902437i/unauth
https://doi.org/10.1039/A902437I
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Recent+progress+in+the+chemistry+of+the+Stemona+alkaloids&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Recent+progress+in+the+chemistry+of+the+Stemona+alkaloids&btnG=
https://pubs.rsc.org/en/content/articlelanding/2000/np/a902437i
https://doi.org/10.1021/np050539g
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B16%5D%09R.W.+Jiang%2C+P.M.+Hon%2C+Y.+Zhou%2C+Y.M.+Chan%3B%2C+Y.T.+Xu%2C+H.X.+Xu%2C+H.+Greger%2C+P.C.+Shaw%2C+P.P.H.+But%2C+J.+Nat.+Prod.%2C+2006%2C+69%2C+749&btnG=
https://pubs.acs.org/doi/abs/10.1021/np050539g
doi:%2010.1055/s-2005-916258
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Structural+Relationships%2C+Distribution+and+Biological+Activities+of+Stemona+Alkaloids&btnG=
https://www.thieme-connect.de/products/ejournals/abstract/10.1055/s-2005-916258
http://www.biomedcentral.com/1472-6882/14/513
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Inhibitory+effects+of+Stemona+tuberosa+on+lung+inflammation+in+a+subacute+cigarette+smoke-induced+mouse+model&btnG=
https://bmccomplementmedtherapies.biomedcentral.com/articles/10.1186/1472-6882-14-513
https://doi.org/10.1177/1934578X1300800603
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Alkaloids+from+the+Roots+and+Leaves+of+Stichoneuron+halabalensis+and+their+Acetylcholinesterase+Inhibitory+Activities&btnG=
https://journals.sagepub.com/doi/10.1177/1934578X1300800603
https://doi.org/10.1016/S0040-4020(02)00678-6
https://scholar.google.com/scholar?cluster=14711865289311037650&hl=en&as_sdt=0,5
https://www.sciencedirect.com/science/article/abs/pii/S0040402002006786
https://doi.org/10.1016/S0040-4020(02)00678-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D%09R.W.+Jiang%2C+P.M.+Hon%2C+P.P.H.+But%2C+H.S.+Chung%2C+G.+Lin%2C+W.C.+Ye%2C+C.W.+Mak%2C+Tetrahedron%2C+2002%2C+58%2C+6705%E2%80%936712.+&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B21%5D%09R.W.+Jiang%2C+P.M.+Hon%2C+P.P.H.+But%2C+H.S.+Chung%2C+G.+Lin%2C+W.C.+Ye%2C+C.W.+Mak%2C+Tetrahedron%2C+2002%2C+58%2C+6705%E2%80%936712.+&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0040402002006786
https://doi.org/10.1021/np50083a003
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Chemical+Studies+on+New+Stemona+Alkaloids%2C+IV.+Studies+on+New+Alkaloids+from+Stemona+tuberosa&btnG=
https://pubs.acs.org/doi/10.1021/np50083a003
https://doi.org/10.1007/s11101-019-09602-6
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Structural+classification+and+biological+activities+of+Stemona+alkaloids&btnG=
https://link.springer.com/article/10.1007/s11101-019-09602-6
https://doi.org/10.1021/np070651+
https://scholar.google.com/scholar?cluster=6166828500850232993&hl=en&as_sdt=0,5
https://link.springer.com/article/10.1007%252Fs00706-005-0348-1
https://doi.org/10.1007/s00706-005-0348-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B25%5D%09J.+Schinnerl%2C+E.+Kaltenegger%2C+T.+Pacher%2C+S.+Vajrodaya%2C+O.+Hofer%2C+H.+Greger%2C+Monatsh.+Chem.%2C+2005%2C+136%2C+1671%E2%80%931680&btnG=
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B25%5D%09J.+Schinnerl%2C+E.+Kaltenegger%2C+T.+Pacher%2C+S.+Vajrodaya%2C+O.+Hofer%2C+H.+Greger%2C+Monatsh.+Chem.%2C+2005%2C+136%2C+1671%E2%80%931680&btnG=
https://link.springer.com/article/10.1007%252Fs00706-005-0348-1
https://doi.org/10.1016/j.phytochem.2005.10.004
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=%5B26%5D%09R.W.+Jiang%2C+P.M.+Hon%2C+Y.T.+Xu%2C+Y.M.+Chan%2C+H.X.+Xu%2C+P.C.+Shaw%2C+P.P.H.+But%2C+Phytochemistry%2C+2006%2C+67%2C+52%E2%80%9357&btnG=
https://www.sciencedirect.com/science/article/abs/pii/S0031942205005133
https://doi.org/10.1039/C0NP00027B
https://scholar.google.com/scholar?cluster=1290432099995803177&hl=en&as_sdt=0,5
https://scholar.google.com/scholar?cluster=1290432099995803177&hl=en&as_sdt=0,5
https://pubs.rsc.org/en/content/articlelanding/2011/np/c0np00027b
https://doi.org/10.1002/cbdv.200790045
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Novel+Alkaloids+from+the+Roots+of+Stemona+sessilifolia&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/cbdv.200790045
https://doi.org/10.1007/s11101-021-09765-1
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=A+review+of+the+botany%2C+traditional+uses%2C+phytochemistry+and+pharmacology+of+Stemonae+Radix+L+Wang%2C+H+Wu%2C+C+Liu%2C+T+Jiang%2C+X+Yang%2C+X+Chen%E2%80%A6+-+Phytochemistry+%E2%80%A6%2C+2021+-+Springer+Stemonae+Radix+%28dried+roots+of+Stemona+japonica+%28Bl.%29+Miq.%2C+Stemona+sessilifolia+%28Miq.%29+Miq.%2C+and+Stemona+tuberosa+Lour.%29%2C+a+widely+used+traditional+Chinese+medicine+%28TCM%29%2C+is+also+known+as+%E2%80%9CBaibu%E2%80%9D%28Chinese%3A+%E7%99%BE%E9%83%A8%29.+Stemonae+Radix+has+a+wide+range+of+pharmacological+%E2%80%A6&btnG=
https://link.springer.com/article/10.1007/s11101-021-09765-1
https://doi.org/10.1039/C5NP00156K
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=DOI%09https%3A%2F%2Fdoi.org%2F10.1039%2FC5NP00156K&btnG=
https://pubs.rsc.org/en/content/articlelanding/2016/NP/C5NP00156K
https://pubs.acs.org/doi/10.1021/acs.orglett.1c00895?fig=tbl1&ref=pdf
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Unified+Total+Syntheses+of+%28%C2%B1%29-Sessilifoliamides+B%2C+C%2C+and+D&btnG=
https://pubs.acs.org/doi/10.1021/acs.orglett.1c00895?fig=tbl1&ref=pdf
https://doi.org/10.1002/anie.201809114
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Total+Syntheses+of+Bisdehydroneostemoninine+and+Bisdehydrostemoninine+by+Catalytic+Carbonylative+Spirolactonization&btnG=
https://onlinelibrary.wiley.com/doi/10.1002/anie.201809114
https://doi.org/10.1021/jacs.7b10944
https://scholar.google.com/scholar?hl=en&as_sdt=0%2C5&q=Unified+Total+Synthesis+of+Stemoamide-Type+Alkaloids+by+Chemoselective+Assembly+of+Five-Membered+Building+Blocks&btnG=
https://pubs.acs.org/doi/abs/10.1021/jacs.7b10944
http://www.samipubco.com/
https://creativecommons.org/licenses/by/4.0/

