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Ge/sem/ne H/stor/ca/ perspect/ve < °

MeN-

Discovery 0

— Major alkaloid component of Gelsemium sempervirens (Carolina
Jasmine) - isolated in 1883 by Gerrard

— Gelsemine held the status of “orphan alkaloid” until 1959, when the
groups of Conroy and Wilson finally elucidated its structure by NMR
and X-ray crystallography —
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« Biological activity:
— No concrete evidence
— Undocumented accounts of Strychnine-like activity as a CNS stimulant

« Synthetic Interest:
— Synthetically intriguing because of its unique hexacyclic cage structure

— Partial syntheses:
« Stork, G. (1987); Fleming, I. (1988); Cha, J. K. (1999); Penkett, C. S.
(1999)
— Racemic total syntheses:
« Speckamp, W. N. (1994); Johnson, A. P. (1994); Hart, D. J. (1994);
Fukuyama, T. (1996); Overman (1999); Danishefsky (2002)
— Enantioselective total synthesis:
« Fukuyama (1997)
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Johnson S Approach RetrosyntheSIS < °

. Key steps MeN-
— Photoinduced intramolecular cycloaddition
— Intramolecular Mannich reaction
— Novel oxindole synthesis
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Johnson s Synthesis

MeO C COsMe
2 2 pyrldme MeOZC COsMe hv. Me OH
trace AcOH

CI
73 % yield
53 % yield

O—
p OH 1. RUC|3, Na|O4, o COzMe
-/ then CH,N, . H PhSeTMS, Znl,
H 2.K;CO5, MeOH ~ ppyvisg PhMe, reflux
AcO 5 3. TBDMSOTH, lutidine (@)
94 % yield

85 % yield

% j‘ — 3%1 — %YMQ o

TBDMSO

H
9) N
—~
MeN 0
H CO,Me

CO,Me 1.LAH, THF
2. AgOAc, I,

®) AcOH
44 % yield
OAc |

OH

,~‘O CO,Me
H
OTMS
SePh

Sheikh, Z.; Steel, R.; Tasker, A. S.; Johnson, A. P. J. Chem. Soc., Chem. Comm. 1994, 763.
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CO,Me mCPBA; CO,Me 1. K,COs,
H then ProNH, H MeOH/THF
—>
CCly, reflux 2. Swern
TBDMSO OTMS 4 TBDMSO ) OTMS
92 % yield 92 % yield
SePh
O
> COgMe » S COgMe
Y MeNH, 1. LiBH,4
. 2. CrOg, pyridine
TBDMSO ) No MeOH/THF o Mso CONHMe 3, pyridi
86 % yield 95 % yield
Br
~\O OMe
K>CO3, MeOH 1. TsOH 1. TBAF
— —eeeeee
NMe
2. Bry, MeOH TBDMSO 2. Swern
88 % yield 97 % yield O 96 % yield

TBDMSO

ZT

MeN-

9
K

CHO

"""CONHMe

Sheikh, Z.; Steel, R.; Tasker, A. S.; Johnson, A. P. J. Chem. Soc., Chem. Comm. 1994, 763.
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o) Br
OMe  TIPSOTH,
TEA 1. TFA, reflux
NMe 2. BuzSnH
©) TIPSO benzene, reflux
o) 97 % yield

70 % yield

N 1.LDA
\\N 2. nBuLi
—
N 3.then A

)\OMe 65 % yield
MS

T

mixture of E/Z isomers

Sheikh, Z.; Steel, R.; Tasker, A. S.; Johnson, A. P. J. Chem. Soc., Chem. Comm. 1994, 763.
Dutton, J. K; Steel, R. W.; Tasker, A. S.; Popsavin, V.; Johnson, A. P. J. Chem. Soc., Chem. Comm. 1994, 765.
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Johnson s Synthesis < °

« Oxindole ring formation: MeNZ_ o

b_,

36 % yield

Sheikh, Z.; Steel, R.; Tasker, A. S.; Johnson, A. P. J. Chem. Soc., Chem. Comm. 1994, 763.
Dutton, J. K.; Steel, R. W.; Tasker, A. S.; Popsavin, V.; Johnson, A. P. J. Chem. Soc., Chem. Comm. 1994, 765.

0 7,

Allen 8 - CU Synthesis Lit Group - Gelsemine COLUMBIA [NIVERSITY

I THE CITY OF NEW YORK




ZT

Johnson’s Synthesis < °

MeN-

DIBAL-H
—_—

0xo-gelsemine (¥) - gelsemine

Sheikh, Z.; Steel, R.; Tasker, A. S.; Johnson, A. P. J. Chem. Soc., Chem. Comm. 1994, 763.
Dutton, J. K.; Steel, R. W.; Tasker, A. S.; Popsavin, V.; Johnson, A. P. J. Chem. Soc., Chem. Comm. 1994, 765.

0 7,

Allen 9 - CU Synthesis Lit Group - Gelsemine COLUMBIA [NIVERSITY

I THE CITY OF NEW YORK




ZT

Danishefsky’s Approach: Retrosynthesis |<, °

+ Key Steps: MeNYZ__¢,
— Norbene epoxide rearrangement
— Cope rearrangement
— Eschenmoser Claisen rearrangement

MeN- o)

(&) - Gelsemine

OPiv

co,et 02N ON O O'Bu O'Bu
O'B
—> \ —> : — - — S 5 —>
‘O ‘O \ NO, z
0 7 |
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Dan/shefskys Synthesis = °

MeN O
0O
EtO~f}
O'Bu O'Bu O'Bu O'Bu Et0”
1. mCPBA _ (OAI A NO;
+ —_— — >
% 2. AI203 Z AI =0 LiIHMDS
71 % yield
HWE Olefination
O,N O,N
t 1. BH,CI[DMS; o'
OBu O then H,0,, NaOH u O
o ?
Cope ‘O 2. Swern ‘0
Rearrangement y 73 % yield o + 7 % regioisomer

Ng, F. W.; Lin, H.; Danishefsky, S. J. JACS 2002, 124, 9812.
Lin, H.; Ng, F. W.; Danishefsky, S. J. Tet. Lett. 2002, 43, 549.
Ng, F. W.; Lin, H.; Tan, Q.; Danishefsky, S. J. Tet. Lett. 2002, 43, 545.
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Danishefsky’s Synthesis = °

MeN o)
OsN
O | O,N
o'BU LIHMDS, TESCI, TEA, QBu O 1. Mel, DCM/Et,0; O'Bu O
THF, -78 10 0 '@; :
| .~ ‘0 then Al,O3 DCM>
‘0 then Eschenmoser's salt, 2. NaBHy,, CeClj;
DCM, -78 % o) 3. 9-BBN, H,0Oo/NaOH OH
o)
91 % yield NMe, 83 % yield OH
OsN
1. MsCl, TEA; oH I
then NaHMDS 1. Swern Me.+_Me
2 TFA,DCM N1 2. o v
EtO~{} CH.
74 % yield o E0” N Eschenmoser's
75 % yield salt

Ng, F. W.; Lin, H.; Danishefsky, S. J. JACS 2002, 124, 9812.
Lin, H.; Ng, F. W.; Danishefsky, S. J. Tet. Lett. 2002, 43, 549.
Ng, F. W.; Lin, H.; Tan, Q.; Danishefsky, S. J. Tet. Lett. 2002, 43, 545.
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Danishefsky’s Synthesis 0

1. DIBAL-H
2. MeC(OEt)s, H* | Q
r

56 % yield EtO

Johnson-Claisen
Rearrangement

1. BF3/OEt,
2. PivCl
0 3. Zn dust
4. CbzCl
MeO 55 % yield

ZT

MeN-

O F10C 1. NaOH
% \ ‘Q O ~(PhO),P(ONs,

TEA; then MeOH

@)
_ 77 % yield
CbzHN CbzHN
A X
1. NBS, AIBN
2. Aggo,
CF3CH,OH/H,0
/ /
EtO,C 39 %yield  £102C _
OPiv OPiv

Ng, F. W.; Lin, H.; Danishefsky, S. J. JACS 2002, 124, 9812.
Lin, H.; Ng, F. W.; Danishefsky, S. J. Tet. Lett. 2002, 43, 549.
Ng, F. W.; Lin, H.; Tan, Q.; Danishefsky, S. J. Tet. Lett. 2002, 43, 545.
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MeN- 0
@)
CbzHN
X A 1. DIBAL-H
MeC(OMe)g(NMeg) silica ge| 2. p—TSOH
> —_— — >
3. 0304
o, H - 4 Nalo
E1O C/ Eschenmoser-Claisen 4%y 'e/dEto C/N N
2 Rearrangement 2 27 % viel
OPiv OPiv OPiv yie d
Cbz
o N H
A Ox N
1. TESOTf 1. Hg(OTf), =
2. K,CO3, MeOH 2. NaBH,4
3. TPAP, NMO 3. NaOH
4. HF [pyr ) 4. LAH MeN- o
o EtO,C
40 % yield OH () - Gelsemine

Ng, F. W.; Lin, H.; Danishefsky, S. J. JACS 2002, 124, 9812.
Lin, H.; Ng, F. W.; Danishefsky, S. J. Tet. Left. 2002, 43, 549.
Ng, F. W.; Lin, H.; Tan, Q.; Danishefsky, S. J. Tet. Lett. 2002, 43, 545.
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Fukuyama S Approach Retrosynthes:s ~

* First enantloselectlve syntheS|s of (+) Gelsemine! MeN-7 |

« Key steps include:
— chiral-auxilliary controlled enantioselective Diels-Alder reaction

— norbornene epoxide rearrangement
— Cope rearrangement
| O CHO

H
N
| o
NCOQMG
- o)
) OTES
Me
(+) - Gelsemine MeO.C
o)
OTES SiMeH O /[OL SiMe,H
— — N O 4
/& E@ PO
MeO,C o Cl Bri’
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U uyama S symme ric yn esis =
MeN 0
SiMegH
SlMezH
Cl 1. Sm(OTf)3 VO(acac),,
Et,AICI MeOH tBuOOH
+
L_/ 781G 2 Hy0g KF,
Cl , KHCO 100 % yield
A A (@] 3 CO Me COgMe
88 % yield - Aux THF/MeOH
52 % yield
' NH
1. TESCI, OTES MAD,
2,6-lutidine PhMe, -20 & J
—>
2. 'BuOK 2 0 "COMe ot piperidine, O
_78 % vi MeOH
95 % yield MeO;C 65-78 % yreld | - ‘Coglvle
60 % yield
OTES
MAD = ‘Bu
(Me O)—AIMe Fukuyama, T.; Liu, G. JACS 1996, 118, 7426.
> Fukuyama, T.; Lui, G. Pure & Appl. Chem. 1997, 69, 3, 501.
‘B Yokoshima, S.; Tokuyama, H.; Fukuyama, T. Angew. Chem. Int. Ed. 2000, 39, 4073.
u
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MeN 0
| NH 1. O @)
J 1. TBAF EtO\B\)]\
O 2. CrOs, H S0, o Et0” O'Bu
—_— _ >
J 3. PhMe/MeCN, Cope "BuLi, THF, 65 1€
O COzMe heat Rearragement 2. MOMCI, 'BUOK
OTES 72 % yield MeO,C 72 % yield MeO,C

MOM
_ CO,Bu N
] LiBHy, -
BuzSnH, AIBN . 1. MeNH,, Me.O.H >~ cat. LiBEtzH
benzene, reflux 2. AllocCl, pyridine, THF

cat. DMAP, DCM
75 % yield 94 % yield  AlocN~

Me

94 % yield

MeO,C

Fukuyama, T.; Liu, G. JACS 1996, 118, 7426.
Fukuyama, T.; Lui, G. Pure & Appl. Chem. 1997, 69, 3, 501.
Yokoshima, S.; Tokuyama, H.; Fukuyama, T. Angew. Chem. Int. Ed. 2000, 39, 4073.
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Fukuyama’s Asymmetric Synthesis |<

1. Pd(PPh3)y,
pyrrolidine

2. ICH,CN,
Pr,NEt,

MeCN, 60 &

78 % yield

1. HCOLH

THF
3. NaBH4, Hgo

77 % yield

:
2. CICO,Et, TEA,

H
9) N
MeN 0
tBUOgC
PhCOCI, pyridine,
KHMDS . cat. DMAP
THF, -78 - 0 & NC DCM
62 % yield 92 % yield

1. O-NOQCGH4SGCN,
PBu, THF

>
2. mCPBA, THF/H0;
then TEA

97 % yield

Fukuyama, T.; Liu, G. JACS 1996, 118, 7426.
Fukuyama, T.; Lui, G. Pure & Appl. Chem. 1997, 69, 3, 501.
Yokoshima, S.; Tokuyama, H.; Fukuyama, T. Angew. Chem. Int. Ed. 2000, 39, 4073.
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Fukuyama’s Asymmetric Synthesis |~ °

O
1. K,CO3, MeOH MOM §
2. Hg(OTf),[PhNMe; o TMSCI, Nal, MeCN; o)
MeNO, then TEA, MeOH
> .
3. NaBH,, NaOH o o)
BnNEt;Cl, DCM/H,O N- 0 63 % yield IN— @)
/
59 % yield Me Me
H
N
o)
DIBAL-H
PhMe
N- O
90 % yield vd
(+) - Gelsemine

Fukuyama, T.; Liu, G. JACS 1996, 118, 7426.
Fukuyama, T.; Lui, G. Pure & Appl. Chem. 1997, 69, 3, 501.
Yokoshima, S.; Tokuyama, H.; Fukuyama, T. Angew. Chem. Int. Ed. 2000, 39, 4073.
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MeN-

H
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O

« Many synthetic groups have devoted a large amount of
time investigating routes towards the total synthesis of

gelsemine due to the intriguing, caged architecture

- A. Johnson and W. Speckamp - independantly completely

the first total syntheses of gelsemine in 1994
« Many racemic total syntheses reported

* T. Fukuyama - completed the first and only
enantioselective total synthesis to date in 1997
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