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Historical Background of Gelsemine

¢ Isolated as an amorphous base from the roots of the Gelsemium Sempervirens

(Carolina or Yellow Jasmine) in 1870 by Wormley.

4 Obtained in crystalline form by Gerrard in 1883.

¢ Molecular formula elucidated in 1910 by Moore.

4 80 years of largely inconclusive degradative studies still had not produced a
structure.

4 Structure determined independently by the groups of Conroy and Wilson in
1959 via NMR and X-ray crystallography.

4 Unique hexacyclic cage structure.

4 Strychnine like activity, strong CNS stimulant as well as antihypertensive
activity.



Stork's approach to Gelsemine Core

¢ Key steps include mixed acetal radical cyclization and a sequential

transannular alkylation - Claisen rearrangement sequence.
¢ No further work on gelsemine is reported from the Stork lab beyond synthesis of

model core.
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Stork's approach to Gelsemine Core
Stereochemical Rationale
¢ Mixed acetal radical cyclization ¢ Transannular Alkylation
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Fleming's approach to Gelsemine Core

¢ Key steps are the use of a Diels-Alder to make bicycle core, bicycle
rearrangement, addition of an allylsilane to an acyliminium ion.

¢ No further work on gelsemine is reported from the Fleming lab after
considerable work to install the oxindole. Twenty steps.
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Fleming's approach to Gelsemine Core
and approach to introduction of oxindole

¢ Key allylsilane construction of quaternary carbon.

Me38|
OH OEt
CH,0
A oEt SOC, OFt Me3S| >CulLi OFt (CH 0)3
700 I (o)
EtO,CHN- o eyield o, cHN- 84% yleld E10,CHN- HCO,H
85% yield
¢ Devoped three new methods for introduction of oxindole moiety.
two of these go in very low yield. Third approach NO,
works decently on adamantyl system but not as 7 ~NO, PhaAl
. . 3
:/:(erlszrgzdel with ether bridge. No further work Yory 0170 g ;; E?&Me
: X X=0 35% yield X

66% yield

OMe
Ox N
1) t-BuOCI  MeOHNOC 1) HySO, ONC
Na/ Hg 2) Zn(OAc), 2) Na,COg
- -
100% yleld 85% yield 69% yield

Clarke, C; Fleming, I; Fortunak, J.M.D; Gallagher, P.T. Tetrahedron 1988, 44, 13, 3931-3944
Fleming, I; Moses, R.C.; Tercel, M.; Ziv, J. J. Chem. Soc. Perkin Trans 11991 617-626




Fleming's approach to Gelsemine Core
Stereochemical Rationale
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Fleming's approach to Gelsemine Core
Stereochemical Rationale

¢ Pyran formation via intramolecular Sy2
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Johnson's synthesis of Gelsemine

¢ Key steps are the use of a photoinduced intramolecular cycloaddition, retro-
Claisen condensation, intramolecular Mannich, novel oxindole synthesis.

¢ Stops synthesis at racemic imino-ether of 21-oxogelsemine; this natural product
has previously been shown to be readily converted to gelsemine. 28 steps.
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Johnson's synthesis of Gelsemine
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Johnson's Synthesis of Gelsemine
Stereochemical Rationale

¢ Photochemical [2+2]
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Johnson's Synthesis of Gelsemine
Stereochemical Rationale

¢ Methoxy bromination
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Johnson's Synthesis of Gelsemine
Stereochemical Rationale

¢ Oxindole synthesis
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Speckamp and Hiemstra's synthesis
of Gelsemine
¢ Key steps are the use of a Diels-Alder, intramolecular Mannich, Overman

oxindole synthesis.
¢ Completes gelsemine in racemic form, enzymatic route to enantiopure starting

material is known. 19 steps.

HO
— toluene
AN
=z OH reflux NaBH,4
O N O 3 —_— >
Me +
95% yield EtOH, H
TPAP / NMO
45% yield
from D-A
TIPSO 1) LDA TIPSO
PhSeCH,CHO TIPSOTH, EtzN
“uH - - <uH
. “OEt 2) MsCl, Et3N “UOEt
Me 70% yield 98% yield

Newcombe, N.J; Ya, F.; Vijn, R.J.; Hiemstra, H.; Speckamp, W.N. J. Chem. Soc., Chem. Commun. 1994, 767-768
Speckamp, W.N.; Newcombe, N.W.; Hiemstra, H.; Ya, F.; Vijn, R.J.; Koot, W.J. Pure & Appl. Chem. 1994, 66, 10, 2163-2166
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(-) enantiomer of intermediate  Dijink, J.; Cintrat, J.C.; Speckamp, W.N.; Hiemstra, H. Tet. Lett. 1999, 40, 5919-5922

Speckamp and Hiemstra's synthesis
of Gelsemine
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Speckamp and Hiemstra's synthesis
of Gelsemine

SEM
/QJ N O
Pd,(dba)s, EtsN
B __ PhMe _TBAR N
OTDS OTDS 60% y|eId /N‘ OH
Me

over 2 steps
Overman conditions e and 30% yield

of epimer oxindole 1) HgO, Tf,O
PhNMe,, CH3NO,
2) NaBH,, NaOH

50% yield

AlH3, THF TBAF

50% yield 90% yield

Newcombe, N.J; Ya, F.; Vijn, R.J.; Hiemstra, H.; Speckamp, W.N. J. Chem. Soc., Chem. Commun. 1994, 767-768
Speckamp, W.N.; Newcombe, N.W.; Hiemstra, H.; Ya, F.; Vijn, R.J.; Koot, W.J. Pure & Appl. Chem. 1994, 66, 10, 2163-2166
(R) enantiomer of intermediate Koot, W.J.; Hiemstra, H.; Speckamp, W.N. J. Org. Chem. 1992, 57, 1059-1061

(S) enantiomer of intermediate  Dijink, J.; Cintrat, J.C.; Speckamp, W.N.; Hiemstra, H. Tet. Lett. 1999, 40, 5919-5922

Speckamp and Hiemstra's synthesis
of Gelsemine, Stereochemical Rationale
¢ Appendage of vinyl group
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Speckamp and Hiemstra's synthesis
of Gelsemine, Stereochemical Rationale

¢ Overman Intramolecular Heck for Oxindole synthesis
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Hart's synthesis of Gelsemine

¢ Key steps are two free radical cyclization and an isomerization / cyclization.
¢ Completes 21-oxogelsemine in racemic form. 23 steps.

mé
O free radical
6 steps 2 steps cyclization
E— 65% yield
—_— 65% yield —
A functional
17% yield R .
y 2 R;=CHO, R, = OEt group manip
65% yield
Br
BnO , BnO O\ Ac BnO_  Os _R°
~ Acylation of N )
o isocyanate and Free Radical o
protection cyclization
Me—N— o ———————— > _ — _
© 79% yield Me—N OAc 40% yield Me” > OAc
Ph,(MeO)C Phy(MeO)C Phy(MeO)C
o BnO__ Og_ _N° . Bno_ Oy K¢
Ellmlnatlo_n / Epimerization 4 steps )
ozonolysis o and cyclization to 21-oxogelsemine
—_—> e —_—
90% yield N— 64% yield 0 N 39% yield
Me” OAc / ]
OHC Me
OH
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Speckamp and Hiemstra's synthesis
of Gelsemine, Stereochemical Rationale

¢ Overman Intramolecular Heck for Oxindole synthesis
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Hart's synthesis of Gelsemine

¢ Key steps are two free radical cyclization and an isomerization / cyclization.
¢ Completes 21-oxogelsemine in racemic form. 23 steps.
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Overman's synthesis of Gelsemine

¢ Key steps are Aza-Cope rearrangment, Mannich cyclization, intramolecular
Heck, base promoted reorganization of oxindole. This synthesis is of note in that
the mannich cyclization was demonstrated well in advance of the other syntheses.

¢ Completes gelsemine in racemic form. 26 isolated intermediates.
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Earley, W.G.; Jacobsen, E.J.; Meier, P.; Oh, T.; Overman, L.E. Tet. Lett. 1988, 29, 31, 3781-3784
Madin, A.; Overman, L.E. Tet. Lett. 1992, 33, 34, 4859-4862
Madin, A.; O'Donnell, C.J.; Oh, T.; Old, D.W.; Overman, L.E.; Sharp, M.J. Angew. Chem. Int. Ed. 1999, 38, 19, 2934-2936
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Madin, A.; Overman, L.E. Tet. Lett. 1992, 33, 34, 4859-4862
Madin, A.; O'Donnell, C.J.; Oh, T.; Old, D.W.; Overman, L.E.; Sharp, M.J. Angew. Chem. Int. Ed. 1999, 38, 19, 2934-2936



Overman's synthesis of Gelsemine

¢ Aziridine formation
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Earley, W.G.; Jacobsen, E.J.; Meier, P.; Oh, T.; Overman, L.E. Tet. Lett. 1988, 29, 31, 3781-3784
Madin, A.; Overman, L.E. Tet. Lett. 1992, 33, 34, 4859-4862
Madin, A.; O'Donnell, C.J.; Oh, T.; Old, D.W.; Overman, L.E.; Sharp, M.J. Angew. Chem. Int. Ed. 1999, 38, 19, 2934-2936

Fukuyama's synthesis of (+)-Gelsemine

¢ Key steps are an epoxide rearrangment and a divinylcyclopropane
rearrangement.

¢ Completes gelsemine enantioselectively. Shorter endgame than racemic
synthesis. 21 steps.
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Fukuyama, T.; Liu, G. JACS 1996, 118, 7426-7427
Fukuyama, T.; Liu, G. Pure & Appl. Chem. 1997, 69, 3, 501-505
Yokoshima, S.; Tokuyama, H.; Fukuyama, T. Angew. Chem. Int. Ed. 2000, 39, 22, 4073-4075



Fukuyama's synthesis of (+) Gelsemine

i) Wittig

iy MOMCI
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Fukuyama, T.; Liu, G. JACS 1996, 118, 7426-7427
Fukuyama, T.; Liu, G. Pure & Appl. Chem. 1997, 69, 3, 501-505
Yokoshima, S.; Tokuyama, H.; Fukuyama, T. Angew. Chem. Int. Ed. 2000, 39, 22, 4073-4075
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Fukuyama, T.; Liu, G. JACS 1996, 118, 7426-7427
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Fukuyama, T.; Liu, G. Pure & Appl. Chem. 1997, 69, 3, 501-505
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Yokoshima, S.; Tokuyama, H.; Fukuyama, T. Angew. Chem. Int. Ed. 2000, 39, 22, 4073-4075

96% yield



Fukuyama's synthesis of (+)-Gelsemine

¢ Rearrangement analogous to one previously reported by Meinwald.

OSiEt, CHO
o MAD, PhMe
A > ‘coM
65-78%yield 2\e
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4 —_ CO,Me
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¢ Condensation by oxindole, lodine at 4 position helps with olefin geometry.
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{ HO.
CO-Me 99%yield o
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&%
CO,Me
Et3SiO Et3SiO

Meinwald, J.; Labana, S.S.; Chadha, M.S. JACS, 1963, 85, 582
Yokoshima, S.; Tokuyama, H.; Fukuyama, T. Angew. Chem. Int. Ed. 2000, 39, 22, 4073-4075

Fukuyama's synthesis of (+)-Gelsemine

¢ Divinyl cyclopropane rearrangement.

Meinwald, J.; Labana, S.S.; Chadha, M.S. JACS, 1963, 85, 582
Yokoshima, S.; Tokuyama, H.; Fukuyama, T. Angew. Chem. Int. Ed. 2000, 39, 22, 4073-4075



Danishefsky's synthesis of Gelsemine

¢ Key step is a divinylcyclopropane rearrangement, new oxindole synthesis from
an Eschenmosr Amide acetal Claisen.
¢ Completes gelsemine in racemic form. Not completely published. ? steps.

rearrangement 5 step process
then unknown /N NO. —_—
elaboration  vio0,¢ 2 24%yield

OPiv

CH3C(OMe)2N M62
H

30-40%yield

Dihydroxylation
protection and
Cbz oxidation
sequence
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18%yield

/
EtO,C

OTES

Ng, F.; Chiu, P.; Danishefsky, S.J. Tet. Lett 1998, 39, 767-770
Lin, H.; Ng, F.W.; Danishefsky, S.J. Tet. Lett fast 2002

Conclusion

¢ Lots of synthetic work on this molecule with two basic premises dominating:
cyclisation onto an iminium and rearrangements to build core.

¢ Oxindole synthesis at end is problematic but solved.

4 This molecule is SCREAMING for a faster synthesis along a novel strategy.



