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Bisindole Alkaloids: The Total
Synthesis of (+)-Vinblastine




O§ome Bisindole Alkaloids

R' R? . .
Me OAc Vinblastine Anhydrovinblastine
Me H Deacetoxyvinblastine

Me OH Deacetylvinblastine

H OAc  Demethylvinblastine More alkaloids (over

90) have been isolated
from C. Roseaus than
from any other plant

Leurosine
(Pleurosine : * N-oxide)

Vincristine .
isolated in 0.0003% yield, the lowest level of any medicinally Catharine
useful alkaloid produced on a commercial basis



Isolation and Biological Properties

e First isolated from
Catharanthus roseus in 1958.

Structure solved in 1966 Top Half — Carbomethoxyvelbamine

Bottom Half - Vindoline

* Vinblastine and Vincristine
(“Vinca dimers”) generally
produced from Vinca rosea

* Is a prominent agent in
cancer chemotherapy

 Natural abundance has provided
the synthetic studies on this compound

* Five syntheses to date. R=Me Vinblastine
Four employ bottom half (Vindoline) R =CHO Vincristine
from natural sources

Noble, R. L.; Beer, C. T.; Cutts, J. H. Ann. N.Y. Acad. Sci. 1958, 76, 832.
Svoboda, G. H.; Neuss, N.; Gorman, M. J. Am. Pharm. Assoc. Sci. Ed. 1959, 48, 659.
Moncrief, J. W.; Lipscomb, W. N. Acta Crystallogr. 1966, 21, 311.
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Some Data on Vinblastine and Vincristine

Usage

e Vinblastine is a component of the regimen of choice for treatment of metastatic testicular cancer

» Also used as a component in a regimen to treat Hodgkin’s disease, Kaposi’s sarcoma, and
carcinoma of the breast

e Vincristine is a standard component of regimens used in the treatment of acute lymphocytic
leukemia in children

e Both Vinblastine and Vincristine are administered by intravenous injection due to the poor
bioavailability

e  An typical dose of vinblastine is 5.5 - 7.4 mg administered weekly.
Biological Mode of Action
. Vinblastine and Vincristine interefere with the mitotic process arresting cells in metaphase

e They interact with proteins essential for microtubule formation and thus spindle generation is
suppressed.

The Alkaloids, Vol 37 (Ed.: A. Brossi), Academic Press, New York, 1990.



Fukuyama Synthesis

First and only
Total Synthesis
of Vinblastine

MeO

Yokoshima, S.; Ueda, T.; Kobayashi, S.; Sato, A.; Kuboyama, T.; Tokuyama, H.; Fukuyama, T. J. Am. Chem. Soc. 2002, 124, 2137.



Synthesis of Vindoline Half

MeO

m e DHP, CSA | AIBN, BugSnH
MsO N~ NaBHg, MeOH 65% (2 steps); s toluene, 110 °C N\ C0OzBn
0°C MsO NCS NaH, 0°C N CO,Bn
MeO,C”>CO,Bn H MsO N CO-Me
2 2 CO.Me Boc,0, EtgN
DMAP, Me,Cly
60% (3 steps)
OTHP
DNs OTHP
N o)
/\L/Z - 1. CSA, MeOH 99% 1. Ho, Pd/C, EtOH; \ CO,Bn
\ 2. DEAD, PPhg MsO \ ~"2.Me,NH-HCI, CH,0, NaOAc
MsO Et t s N 72% (2 steps) MsO N, COzMe
Boc COoMe . (_§ Boc COzMe oc
0 79%

HN,
DNs

DNs = 2,4-dinitrobenzenesulfony!

Allows facile N-alkylation, and can readily be
cleaved by nucleophiles under mild conditions

Yokoshima, S.; Ueda, T.; Kobayashi, S.; Sato, A.; Kuboyama, T.; Tokuyama, H.; Fukuyama, T. J. Am. Chem. Soc. 2002, 124, 2137.
Kobayashi, S.; Ueda, T.; Fukuyama, T. Synlett 2000, 333.



Completion of Vindoline Half

DNs
\ 0
N TFA, MeoS
/\Q/Z
) Et MsO
MsO S
N COMe

MeO

B 1
N OH
I\:?NS o pyrrolidine MsO ‘;;/
\ N
N Et H
§  CO:Me COzMe

inverse electron demand DA

73% (2 steps)

OH
1. PPhs, CC|4 N \H
2. KOH, MeOH = Et
3. KOBu, Mel
4. (PhSe0),0 O
71% (4 steps, CO-M
(4 steps) MsO ﬁ oMe

1. Na(CNBHg), HCI
2. Na(CNBHg3), HCHO
| 3. NaOAc, Ac,O

58% (4 steps)
MeO

17 steps overall, 6.2%

Yokoshima, S.; Ueda, T.; Kobayashi, S.; Sato, A.; Kuboyama, T.; Tokuyama, H.; Fukuyama, T. J. Am. Chem. Soc. 2002, 124, 213?.

Kobayashi, S.; Ueda, T.; Fukuyama, T. Synlett 2000, 883.



Synthesis of Top Half

O  Bn K B
Et\ﬂ/vCOzH EtoN, PVC,L0°C; S (POTICl, NG N
rBuL, 78 °C ;‘\ -PrNEY, 0°C Et P
0,
o§(_7an 89% g © NG O
o) 82%
1. NaBH, 92%
2. imidazole, TBDPSCI, 92%
o Y
1. DIBAL, -78 °C
OTBDPS OTBDPS ’ NC
2 AGOH 2. NaOAc, H2NOH-HCI, EtOH OTBDPS
oY, % N Y 3. NaClO (aq) Bt
Ho— Et o H 59% (3 steps)
mCPBA, AcOH
OTBDP
S THPO OTES
1. K;00q, MeOH LDA, -78°°C - 0°C |
o steps
07 o "Et 2.imidazole, TESCI [ THPO™ 6%
90% ®2¥  >oTBDPS ’
NCS MeO:C  SOTBDPS

HO %\(—\W\S d
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Yokoshima, S.; Ueda, T.; Kobayashi, S.; Sato, A.; Kuboyama, T.; Tokuyama, H.; Fukuyama, T. J. Am. Chem. Soc. 2002, 124, 2137.




Completion of Top Half

1 .Et3N, BOCQO, DMAP

BU3SHH, Et3B 87%

, 67% 2. AcOH-H,0 (95:5), 80 °C
MeO,C  “OTBDPS 7% MeO,C  “SOTBDPS
1. TsCl, BuoSnO, EtsN
83%
2. NaHCO3, DMF, 80 °C
90%
3. NsNH,, DEAD, PPhg
88%
e
N
1. TFA 85% _OH
2. TsCl, Me,N(CH,)sNMe, 88% g ~K2C0s DMF
3. pyr, TFAA 90% : 82%
MeOC  “oTBDPS MeO,C  OTBDPS
Overall yield for this 22 step sequence: 2.0 %
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Yokoshima, S.; Ueda, T.; Kobayashi, S.; Sato, A.; Kuboyama, T.; Tokuyama, H.; Fukuyama, T. J. Am. Chem. Soc. 2002, 124, 2137.



Coupling of the Two Subunits

TFA, 0 °C-rt
97%

1. EtgN, n quant

2. DBU, HSCH,CH,OH 76%

NaHCO; 66%
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Yokoshima, S.; Ueda, T.; Kobayashi, S.; Sato, A.; Kuboyama, T.; Tokuyama, H.; Fukuyama, T. J. Am. Chem. Soc. 2002, 124, 2137.



44 Years Between Dlscovery & Synthesis

dihydrocleavamine

wrong C18' isomer!
HCl MeOH

e OAC

"CO,Me

MeO {\\llle OH

vindoline

N :
| 7 NaBH +-BuOCl
N Et AcOH
H  CoMe

vindoline

catharanthine

wrong C18' isomer!
COMe |

+ vindoline

“it is very unlikely that any natural dimer could be obtained in this way”
G.A. Cordell and J. E. Saxton, in “The Alkaloids”, Vol. 20, 1981.

non-hindered approach
Why? Nuess, N.; Gorman, M.; Cone, N. J.;
y: Huckstep, L. L. Tetrahedron Lett. 1968, 783.
Et Rahman, A-ur.; Basha, A.; Ghazala, M.
N Tetrahedron Lett. 1976, 2351.
N
L H CO,Me L




Biosynthesis of Vinblastine

Q \ M

N
H CO,Me Et
vindoline catharanthine
» Vinblastine
» Leurosine

anhydrovinblastine
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First Synthesis: Biomimetic Approach

Instead of the chloroindolenine approach, leaving group is placed on nitrogen in form of N-oxide

() 0 COCF,
1 7
_mCPBA _ Q \ (CFiCO)p Q A
H Et  (quant) ) M
COzMe N Et
H  Co.Me N Et
H CO,Me

catharanthine

+ N
NaBH N =
— \ b -50 °C (kinetic) S /
Et
V|n ” “, H CO,Me

MeO C
anhydrovinblastine (40%) “

vindoline

—~ \_ 1
-— 0 °C (thermodynamic)
- N\ + _
N
H
COzMe
Cl) -
) ) 1. Ho/PA/C + Polonovski
anhydrovinblastin 5 TCPBA \ -
e N . ’,”
~, Et H .
H “\fi Vin
MeOZC Vin M902C 1 3

Mangeney, P.; Andriamialisoa, R. Z.; Langlois, N.; Langlois, Y; Poteir, P. J. Am. Chem. Soc. 1979, 101, 2243



Non- OX|dat|ve Approach to Coupling

Generate a delocalized cation through a tertiary
amine leaving group

(carbamate made from chloroformate)

0
N Et
H

COoM
2ve 14

Magnus, P.; Mendoza, J. S.; Stamford, A.; Ladlow, M.: Willis, P. J. Am. Chem. Soc. 1992, 114, 10232.



Studies on C18’ Stereoselectivity

B ]
/A
CO,H CO,H g O TN
1. NMP, Me 0]
NH: o TsOH/MeOH _ N 2000 %" O 0
A\ J\/\ 40% N > — N
N MeO,C COoMe N 2 | A\
H H CO2M€ ' HO’N N
S H COzMe
L _
tBuSH, hv
N 1. Lawesson O
N\ N
2. Raney Ni, N\
N Cone 95% (2 StepS) N
H H COQMe
NO,
Q Nuc ee%

gD 58%
MeO NMe,

OMe

o)
N o
CE\Q\) ' cn)ko“@\ p=0  Nueh
N . N
N  coMe &
H 90%
MeO NMe,

Longer lived intermediate allows for conformational equilibrium to be achieved

vindoline

0%

Magnus, P.; Mendoza, J. S; Stamford, A.; Ladlow, M.; Willis, P. J. Am. Chem. Soc. 1992, 114, 10232.

15




Synthesis of Vinblastine

0]
YOH —D%EQQ’ <!/\OH PhSH, NaOH Phs” X "OH _Amberlyst-H15 | O)j
Et o ee Et Et‘ OH MeO OHC :_ O
O "
28% 3 steps
Sn(0Tf),
N-ethylpiperidine
e
Sy
NH co,Me
75%
A
S
1. TsxO / Et3N
1. Raney Ni N N Oj YL
2. H, (10%) Pd/C NH X —~0 2. DBU (88%)
44% (2 steps) COMe  E¢

oo

NH CoMe &

(1/1 dr)
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Magnus, P.; Mendoza, J. S.; Stamford, A.; Ladlow, M.; Willis, P. J. Am. Chem. Soc. 1992, 114, 10232.



Final Coupling Step

vindoline
MeCN/H,O 15/1
-15°C
51% (d.r. 84/16)

HCI (2N)
85%

— Vinblastine

Magnus, P.; Mendoza, J. S.; Stamford, A.; Ladlow, M.; Willis, P. J. Am. Chem. Soc. 1992, 114, 10232.
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Final Analysis

Different approaches to address the key C18’ stereochemical issue

Both Fukuyama and Magnus formed piperidine ring last

Poteir’s biomimetic strategy utilizes catharanthine

Demonstration of how difficult it is to reproduce nature even with known pathway
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