EEBiRaE Total synthesis of Gelsemine EEi4aE

Total Synthesis of Gelsemine

6 of 9 approaches to synthesize Gelsemine

Pan Group
Xue Shangfei
2024.04.03

......................................................................................................................................................................................................................................



EEBiRaE Total synthesis of Gelsemine EEi4aE

Bioactivity

- I, RERGENRHERSE TERERSTER.

- BI3@4)H LC50 = 1.54 mM (496.5 mg/kg)

- REE:



B iRaad Total synthesis of Gelsemine EEi4aE

Review: Lin, H. and Danishefsky, S.J. (2003), Gelsemine: A Thought-Provoking Target for Total Synthesist.
Angewandte Chemie International Edition, 42: 36-51. https://doi.org/10.1002/anie.200390048

(o]
Speckamp, 1994 Qiu, Zhai, 2015 _
| N— Racemic Asymmetric 4<\DN—Cbz
19 steps, 0.83% 12 steps, 5%

MeO,C._ _CO,Me Johnson, 1994

Qin, 2012 Ts
N

]/ Racemic
29 steps, 0.58%

Asymmetric

al 25 steps, 1% TBSOWOH

Danishefsky, 2002 OtBu
Racemic

32 steps, 0.019% /. :
. W. Ng, H. Lin, Q. Tan, S. J. Danishefsky, Tetrahedron Lett. 2002, 43, 545—548§
H. Lin, F. W. Ng, S. J. Danishefsky, Tetrahedron Lett. 2002, 43, 549-551.

VAR NN

32 steps, 0.25%

4

|

[o]
o] o
Hart, 1997
; Overman, 1999 Fukuyama, 2000 /\)L )j\
| Racemic Racemi Asymmetric a” " °N" "o
23 steps, 0.25% acemic 31 steps, 0.86% (-
° 26 steps, 1.2% ' B

\©/OM9

J. Am. Chem. Soc. 2005, 127, 51, 18046-18053
J. Am. Chem. Soc. 2005, 127, 51, 18054-18065

OMe Fukuyama, 1996
\ﬂ/\ﬂ/ Racemic
(o} o}
N—

J. Am. Chem. Soc. 1997, 119, 27, 6226-6241



ik ) |

A. Peter Johnson Group 1994

Total synthesis of Gelsemine [30E]3

J. CHEM. SOC., CHEM. COMMUN., 1994 765

A Total Synthesis of Gelsemine: Oxindole Spiroannelation
Jonathan K. Dutton, Robert W. Steel, Andrew S. Tasker, Velimir Popsavin and A. Peter Johnson*
School of Chemistry, University of Leeds, Leeds, UK LS2 9JT

Photolysis of alkoxy-substituted-1-alkenylbenzotriazoles provides a new route to spiro-oxindcles which has been
utilised in a total synthesis of gelsemine.
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Synthesis of a Key Tetracyclic Intermediate
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The Total Synthesis of (+)-Gelsemine

Nicholas J. Newcombe, Fang Ya, Robert J. Vijn, Henk Hiemstra* and W. Nico Speckamp*
Laboratory of Organic Chemistry, University of Amsterdam Nieuwe Achtergracht 129, 1018 WS Amsterdam,
The Netherlands

Oxindole alkaloids gelsemine and 21-oxogelsemine in racemic form are synthesised from sorbic acid.
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Retrosynthesis
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Tohru Fukuyama Group 1996

Stereocontrolled Total Synthesis of (£+)-Gelsemine

Tohru Fukuyama* and Gang Liu!

Department of Chemistry, Rice University
Houston, Texas 77005-1892

Faculty of Pharmaceutical Sciences
University of Tokyo

Hongo, Bunkyo-ku, Tokyo 113, Japan

Received May 20, 1996
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Tohru Fukuyama Group 2000

Enantioselective Total Synthesis of
(+)-Gelsemine: Determination of
Its Absolute Configuration**

Satoshi Yokoshima, Hidetoshi Tokuyama, and
Tohru Fukuyama*

Angew. Chem. Int. Ed. 2000, 39, No. 22
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Retrosynthesis of gelsemine Synthesis of the bicyclo[3.2.1] system

: SiMe,H

: \ stereochemistry controlled o o b :
; . cat. Sm,(OTf);,:
: o thermal rearrangement J\ SiMeH ) Et,AICI, DCM a ) o on 4(0TH);
: - N" Yo + — Bn —
: —N — — 5 | : :
i a7 e L =
° ° o
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; o ; siMeH ™ KF, KHCO,, OH  d) VO(acac),, OH e) TESOTf, |
: H NH CHO : a THF/MeOH tBuOOH o  26-lutidine |
H ! —_— R —_— :
0, 7 — W — ; ;
0 \cone z coy i Me0” o CO,Me Co,Me
3a 4 i 12 13 14 ;
; 7 z Diels - Alder § |

i Reaction ; OTES f) MAD, CcHO g) 30, h) gBéAFJl-SIE '
: X : +_Al  toluene piperidine NH CrOsz, Hy50,; .
: ; o — p— E , _toluene Piperidir bt
: ' \ toluene/MeCN:;
: YOC coy E MeO,C TESO CO,Me 90°C :
. 6 TESG Co,Me
i § 15 16 17 :
: z coy ; ;
g . j - - 0 N
; X tBu CH, i
7 8 NH 0 ;
: tB :
; Ho-Al B :
: o ;
: \ :
: o CO,Me tBu CH; '
3a: trans isomer 2 MAD
: 3b: cis isomer \. J '
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: Construction of the pyrrolidine ring : Completion of the total synthesis of (+)-gelsemine (1)
a) (Et0),POCH,CO,tBu, ; OH
nBuli; H_~CO:tBu :
MOMCI, tBuOK; MOM : a) HCO,H; NC b) 0-NO,C¢H,SeCN, PBug;
nBu3SnH, AIBN . b) MeNH,, MeOH . CICO,Et, NEt;, THF JMOM mCPBA, then NEt;
— — : —_— Me-N N —_—
then NaBH,4, H,0

MeO,C

18

CO,tBu
c) AllocCl, pyridine; ,, mom d) [Pd,PPh3),l, c) mCPBA,
LiBH,, cat. LIBEGH = 1 ‘ pyrrolidine; then NEt, d) K,CO;, MeOH
—_— Me~ E— e E—
ICH,CN, iPr,NEt
OH
19 20 25 26

e) Hg(OTf),-PhNMe,,

NC o
f) PhCOCI, pyridine, MeNO, f) TMSCI, Nal, MeCN;
e) KHMDS, THF MoM - HvA Py then aq NaCl; MOM ™ NEt;, MeOH
—_— Me—N N —_—

]
e Me-N h e

NaBH,, NaOH, BnNEt;Cl

MOM : g) DIBAL, toluene
’ Me—N NH . Me—N NH




EEBiRaE Total synthesis of Gelsemine EEi4aE

FEHRead 2012

Angewandte

intemetional Edition - ITEITIE

DOI: 10.1002 /anie.201201736
Natural Products /

Biomimetic Total Synthesis of (4)-Gelsemine**
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OMe OMe
: Ho_ N :
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E I . g N MOMO f E
: 0+ MeO- X N OMe A E
: o H Me o) l\llle
(+)-gelsemine (1) 8 9 (R = MOM) 10 11 5
0 :
: T Li [ Nme :
; 0 OH Ref. 8 ,l,s Ts CN or o | ;
H z | '
H A -~ H
; EtoJ\/\H/OEt <—— rOMSO__ OFt N + Il —— +epmso &—— wmomo CN ;
: : N TBDMSO__ L\ OH Il :
. OH O 4 steps N .
: o Et0O” TOEt o r;l :
E 2 Me H
: D-diethyl tartrate 16 15 14 13 12
: Preparation of the chiral cis tetra-substituted piperidine ring
: NHTs NMeTs NMe
: TS a) LiAlH,, EtOH; TBDMSO_ . d) Mel, K,CO3; TtBDMSO R f) Mg, MeOH; N . :
; b) TsCl, Et;N Ts ¢) 14, THF e OH e) MOMCI, NaH N OMOM g) acrylonitrile OoMOM h) TFA, CH,Cl,!
: TBDMSO__ — N —_— Il — I —>  TBDMSO —
i TBDMSO__ L\ _OH Il i) NaClO,, NaH,PO,;
Et0” “OEt Et0” “OEt Et0” “OEt
16 15 17 18 19 :
i NM o (o} OMe OMe i
: e ul e o _ o n) DIBAL-H, om ome |
| N omony)) Lindlar catc(\ 1) DCC, DMAP | crn) LIHMDS, THE | s ©) HC(OMel, p-TsOH o  p) (COCI),, DMSO o e |
! TBDMSO omom —> Momo”" —> MOoMo s > Momo —> mMomo ;
: | | k) HF, pyridine oy . _CO,H c NOESH !
CO,H Keck Reaction ’]‘ ']‘ ']l | ".‘
' Me Me OH Me Me :
; 21a/21b :
13 20 12 7 1 22 1
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Synthesis of (+)-gelsemine OMe OMe
: i i ;
: o= N o= N ;
: CN N CN 5
: H H ;
: ~ OH E
: N- N- -
; Me—~—90 24 Me—~—0 25 ;
; N ;
: OMe d) condition a: TFOH :
10 or condition b: p-TsOH
OMe OMe OMe :
i a) 10, LDA, THF; OMe :
i OMe b) sOCl,, pyridine | N . OMe () LDA, THF ;
i MOMO N — + AN — S :
H "H H
H 5: -N H
: 7N \ 1.5:1 Meo N N :
5 0 Me Hb Me 0O H Me ;
: NOE
i (2)-9a (E)-9b i
: 1 (R = MOM) (R = MOM) 23a 23b :
e) LDA, PhSeCl; ;
H then NalO,, NaHCO; :
; . N-OMe i
: h) p-TsOH f) Lindlar cat., H, CN :
E - —~— - / o + E
: org) 5% Pd/C, H, - OMe :
: =7 2 Ml ome !
oMoM OMOM oMOM OMOM :

27b, R = MeO 1:2 27a, R = MeO :

8a 28b,R=H 1:3 28a,R=H 26a 26b :

‘ i

o N

i) 5% Pd/C H, j) DIBAL-H, Tol  €HO k) Tebbe reagent

- —_— — - ;

N- ;

0 :

mé ;
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Total synthesis of (4 )-gelsemine via
an organocatalytic Diels-Alder approach
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Retrosynthetic analysis of gelsemine
: N So
H

Z N
" y

Gelsemine

The synthesis of ( b )-gelsemine

CHO .
= N’Cbz a) Cat.; NaBH4csz
| + —_—
CO,R A

1 2
HO, Cbz
NETO g) NaBH
4
CbzN- (o] \J\OMe —_—
OMe OH
(o]
o
6 6
\ o .
N \/Ll I) Oxindole
OH
OMs
V
1M (dr=2:1) 12

Cbz Cba
T — T = A —
CbzN
OH < “oH y o |
X ° - CO,R
& o
RS-1 RS-2 RS-3

c) Dibal-H ]i d) MOMPPh3CI
., KHMDS; pTSA

Cbz Cbz
\N o \N o | \N 0
h) MsCI i) DBU j) LiAIH,
%\)\om — ‘J\OMe jﬂ\)\ o
OH OMs OMs
HO MsO Z
7 8 9 10

1.1 g in one sequence

\
m) LDA, Et,AlCI n) HCI; Et;N NSO
—_—
= o N
Gelsemine

CbzN o f) O;; NaOMe
H *  ChzN o —
OMe
OMe

2
3a b) DBU 3 4 5a
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HEIREH
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H OH
Cco,Me
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/
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3
< DBU 97%

= N,Cbz
X
2
Then NaBH,

Intermediates leading to the formation of 3 and 3a

N
H

Catalyst
+
CHO
CO,R
1
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Cyclization of intermediate 9 to form the gelsemine framework

OH

\
N

=-

OMs
o

>

12

13a

The aldol condensation and possible complications

CHO

CHO

RS-2a

/0|

o
RS-2

CbzN

RS-2c

CbhzN

’/o/

RS-2b
OQ_H
EPZ :::T

OH

5b
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